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Power and the Useful Economist 


By JOHN KENNETH GALBRAITH* 


The ceremonial address of the President 
of the American Economic Association is 
an art form which, I imagine like most of 
my predecessors, I have thoughtfully re- 
viewed. On occasion, in the past, the ad- 
dresses have dealt with some substantive 
problem of our subject or some afflicting 
problem of the economy. More often they 
have dealt, always a shade critically, with 
the methodology of eccnomics. While ac- 
cepting the larger science there has been 


adverse comment on the detailed elements 


of its practice. Economics is insufficiently 
normative. Model building has become an 
end, not a means. For several recent years 
in succession the criticism—which in- 
volved a certain element of personal intro- 
spection—included an exceptionally grave 
attack on mathematical economics. The 
style of these addresses, I might note in 
passing, is as distinctive as the subject 
matter. It features the thoughtful solem- 
nity of men who sense that we are speaking 
for the ages. It may be worth a moment’s 
time, on these great occasions, to recall 


that ours is a subject which features de- 


feated expectations. 

I am moved this evening to depart from 
the established rites. I should like to con- 
cern myself with basic questions of as- 
sumption and structure. If this breaks with 
tradition, it does not break with present 
professional tendency. We meet at a time 
when criticism is general—when the larger 
body of established theory is under exten- 
sive attack. Within the last half-dozen 
years what before was simply called eco- 
nomics in the nonsocialist world has come 
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to be designated neoclassical economics 
with appropriate overtures to the Key- 
nesian and post-Keynesian development. 
From being a general and accepted theory 
of economic behavior this has become a 
special and debatable interpretation of 
such behavior. For a new and notably 
articulate generation of economists a ref- 
erence to neoclassical economics a be- 
come markedly pejorative. 

I would judge as well as -hope that the 
present attack will prove decisive. The 
established theory has reserves of strength. 
It sustains much minor refinement which 
does not raise the question of overall 
validity or usefulness. It survives strongly 
in the textbooks although even in this 
stronghold one senses anxiety among the 
more progressive or commercially sensi- 
tive authors. Perhaps there are limits.to 
what the young will accept. 

And the arrangements by which ortho- 
doxy is conserved in the modern academy 
also remain formidable. In its first half 
century or so as a subject of instruction 
and research, economics was subject to 


~ censorship by outsiders. Businessmen and 


their political and ideological acolytes 
kept watch on departments of economics 
and reacted promptly to heresy, the latter 
being anything that seemed to threaten 
the sanctity of property, profits, a proper 
tariff policy, a balanced budget, or which 
involved sympathy for unions, public 
ownership, public regulation or, in any 
organized way, for the poor. The grow- 
ing power and self-confidence of the educa- 
tional estate, the formidable and growing 
complexity of our subject and, no doubt, 
the increasing acceptability of our ideas 
has largely relieved us of this intervention. 
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In leading centers of instruction faculty 
responsibility is either secure or increas- 
ingly so. But in place of the old censorship 
has come a new despotism. That consists in 
defining scientific excellence as whatever is 
closest in belief and method to the 
scholarly tendency of the people who are 
already there. This is a pervasive and 
oppressive thing not the less dangerous for 
being, in the frequent case, both self- 
righteous and unconscious. 

But there are problems even with this 
control. Neoclassical or neo-Keynesian 
economics, though providing unlimited op- 
portunity for demanding refinement, has 
a decisive flaw. It offers no useful handle 
for grasping the economic problems that 
now beset the modern society. And these 
problems are obtrusive—they will not lie 
down and die as a favor to our profession. 
No arrangement for the perpetuation of 
thought is secure if that thought does not 
make contact with the problems that it is 
presumed to solve. 

I will not omit this evening to mention 
the failures of neoclassical theory. But I 
want also to urge the means by which we 
can reassociate ourselves with reality. 
Some of this will summarize past argu- 
ment, more a book that is presently to be 
published. At this stage even the most con- 
servative among my listeners will be re- 
assured. To speak well of one’s own pub- 
lished and unpublished writing, whatever 
one’s other aberrations, is strongly in our 
professional tradition. 


I 


The most commonplace features of neo- 
classical and neo-Keynesian economics are 
the assumptions by which power, and 
therewith political content, is removed 
from the subject. The business firm is sub- 
ordinate to the instruction of the market 
and, thereby, to the individual or house- 
hold. The state is subordinate to the in- 
struction of the citizen. There are excep- 
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tions but these are to the general and con- 
trolling rule, and it is firmly on the rule 
that neozlassical theory is positioned. If 
the busiaess firm is subordinate to the 
market—if that is its master—then it does 
not have power to deploy in the economy 
save as this is in the service of the market 
and the consumer. And the winning of 
action to influence or rig the behavior of 
markets apart, it cannot bring power to 
bear on che state for there the citizen is in 
charge. 

The decisive weasness in neoclassical 
and neo-Keynesian economics is not the 
error in the assumptions by which it elides 
the problem of power. The capacity for 
erroneous belief is very great, especially 
where it coincides with convenience. 
Rather in eliding power—in making eco- 
nomics a nonpolitical subject—neoclassi- 
cal thecry, by the same process, destroys 
its relation with the real world. The prob- 
lems of zhis world, moreover, are increasing 
both in number and in the depth of their 
social affliction. In consequence neoclassi- 
cal and neo-Keynesian economics is rele- 
gating its players to the social sidelines 
where they either call no plays or urge the 
wrong ones. 

Specifically the exclusion of power and 
the resulting political content from eco- 
nomics causes it to foretell only two in- 
trinsic and important economic problems. 
One of these is the microeconomic problem 
of marxet imperfection—more specifically 
of monopoly or oligopoly in product or 
factor markets—leading to aberration in 
resource and income distribution. The 
other is the macroeconomic problem of un- 
emplorment or inflation—of a deficiency 
or excess in the aggregate demand for 
goods and services, including that asso- 
ciated with monetary effects. And on both 


- problems the failure is dramatic. Neo- 


classical economics leads to the wrong 
soluticn of the microeconomic problem 
and to no solution of the macroeconomic 
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problem. Meanwhile it leaves a whole 
galaxy of other urgent economic issues 
largely untouched. 

It is now the considered sense of the 
community, even of economists when un- 
hampered by professional doctrine, that 
the most prominent areas of market 
oligopoly—automobiles, rubber, chemi- 
cals, plastics, alcohol, tobacco, detergents, 
cosmetics, computers, bogus health rem- 
edies, space adventure—are areas not of 
low but of high development, not of in- 
adequate but of excessive resource use. 
And there is a powerful instinct that in 
some areas of monopoly or oligopoly, 
most notably in the production of weapons 


and weapons systems, resource use is dan- 


gerously vast. 


In further contradiction of the estab- 


lished microeconomic conclusions, we have 
an increasing reaction by the community 
to deficient resource use in industries that, 
at least in the scale and structure of the 
firm, approach the market model. Housing, 
health services, and local transportation 
are among the leading cases. The depriva- 
tion and social distress that follow from 
the poor performance of these industries 
are also something that, in their nondoctri- 
nal manifestation, most economists take 
for granted. 

The defender of the established doctrine 
does, of course, argue that excess and 
deprivation in resource use in the areas 
just mentioned reflect consumer choice. 
And in the areas of deprivation he can 
rightly insist that the fault lies with firms 
that, though small, are local monopolies 
or reflect the monopoly power of unions. 
These explanations beg two remarkably 
obvious questions: Why does the modern 
consumer increasingly tend to insanity, 
increasingly insist on self-abuse? And why 
do little monopolies perform badly and the 
big ones too well? 

In fact the neoclassical model has no 
explanation of the most important micro- 


- 
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economic problem of our time. That prob- 
lem is why we have a highly unequal 
development as between industries of 
great market power and industries of 
slight market power, with the devzlop- 
ment, in defiance of all doctrine, gr2atly 
favoring the first.’ 

The macroeconomic failure has been, if 
anything, more embarrassing. Save in its 
strictly mystical manifestation in one 
branch of monetary theory, modern macrc- 
economic policy depends for its validity 
and workability on the neoclassical mar- 
ket. That market, whether competitive, 
monopolistic, or oligopolistic, is the ulti- 
mate and authoritative instruction to the 
profit-maximizing firm. When outpct and 
employment are deficient, policy- requires 
that aggregate demand be increased; this 
is an instruction to the market to which 
firms in turn respond. When the economy 
is at or near the effective capacity of the 
plant and the labor force and inflation is 
the relevant social discomfort, the remedy 
is reversed. Demand is curtailed; the result 
is either an initial effect on prices or a 
delayed one as surplus labor seeks em- 
ployment, interest rates fall and lower 
factor costs bring stable or lower prices. 

Such is the accepted basis of policy. It 
follows faithfully from the neoclassical 
faith in the market. The practical con- 
sequences of pursuing it need no elucida- 
tion. It has been tried in recent years in 
every developed country. The common 
result has been politically unacceptable 
unemployment, persistent and {in my 
view) socially damaging inflation or, more 
often, a combination of the two. The ex- 
treme failure has been, not surprisingly, 
in the most advanced industrial country, 


1 It will be observed that performance in egriculture, 
an industry in which the firm has little market power, 
is not adverse. But it should also be observec. that in no 
industry has power over prices been more completely 
removed to public authority or is there grea-er effort at 
collective control of costs or a more coraprehensive 
socialization of technology. 
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the United States. But the recent experi- 
ence of Britain has been almost equally 
disenchanting. One gathers that there may 
be Canadian politicians who now believe 
that a combination of unemployment and 
inflation is not the best platform on which 
to fight a general election. 

We should not deny ourselves either the 
instruction or the amusement that comes 
from the recent history of the United 
States in this matter. Four years ago Mr. 
Nixon came to office with a firm commit- 
ment to neoclassical orthodoxy. In this he 
was supported by some of its most distin- 
guished and devout exponents in all the 
land. His subsequent discovery that he 
was a Keynesian involved no precipitate 
or radical departure from this faith. The 
discovery came thirty-five years after The 
General Theory; as I have just noted, all 
neo-Keynesian policy rests firmly on the 
paramount role of the market. But then a 
year and a half ago, facing reelection, he 
found that his economists’ commitment 
to necclassical and Keynesian orthodoxy, 
however admirable in the abstract, was a 
luxury that he could no longer afford. He 
apostatized to wage and price control; so, 
with exemplary flexibility of mind, did 
his economists although admittedly this 
acceptance of the real world has still to 
survive its critical test which is the 
apostates’ return to computers and class- 
rooms. But our admiration for this phabil- 
ity should not keep us from recalling that, 
when the President changed course, no 
American economists were anywhere 
working on the policy he was forced by 
circumstances to adopt. And it is even 
more disturbing that few are now working 
on the policy which we have been forced 
to follow. 

More economists, in fact, are still con- 
cerning themselves with the effort to re- 
concile controls with the neoclassical 
market. This has involved an unrewarding 
combination of economics and archeology 
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with wishful thinking. It holds that an 
inflationary momentum developed during 
the late 1960’s in connection with the 
finanzing—or underfinancing—of the Viet- 
nam war. And inflationary expectation 
became part of business and trade union 
calculation. The momentum and expecta- 
tion still survive. The controls are neces- 
sary until these are dissipated. Then the 
neoc_essical and neo-Keynesian world will 
returr, along with the appropriate policies, 
in all zheir quiet comfort. We may be sure 
that will not happen. Nor will we expect it 
to hagpen if we see the role of power and 
political decision in modern economic be- 
havior. | 


i 


In place of the market system, we must 
now assume that for approximately half of 
all economic output there is a power or 
planning system. (The latter term seems 
to me more descriptive, less pejorative and 
thus preferable.) The planning system con- 
sists in the United States of, at the most, 
2,000 large corporations. In their opera- 
tion they have power that transcends the 
market. They rival where they do not 
borrow from the power of the state. My 
views on these matters will be familiar at 
least to some, and I shall spare myself the 
pleasure of extensive repetition. I cannot 
think that the power of the modern cor- 
poration, the purposes for which it is used 
or the associated power of the modern 
union would seem implausible or even very 
novel were they not in conflict with the 
vested doctrine. 

Thus we agree that the modern cor- 
poration either by itself or in conjunction 
with others, has extensive influence over 
its pric2s and its major costs. Can we 
doubt that it goes beyond its prices and 
the market to persuade its customers? Or 
that it goes back of its costs to organize 
supply? Or that from its earnings or the 
possession of financial affiliates it seeks to 
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control its sources of capital? Or that its 
persuasion of the consumer joined with the 
similar effort of other firms—and with the 
more than incidental blessing of neoclassi- 
cal pedagogy—helps establish the values 
of the community, notably the association 
between well-being and the progressively 
increased consumption of the products of 
this part of the economy? 

And as citizens, if not as scholars, we 
would not deny that the modern corpora- 
tion has a compelling position in the 
modern state. What it needs in research 
and development, technically qualified 
people, public works, emergency financial 
support, becomes public policy. So does the 
military procurement that sustains the 
demand for numerous of its products. So, 
perhaps, does the foreign policy that 
justifies the military procurement. And 
the means by which this power is brought 
to bear on the state is widely accepted. It 
requires an organization to deal with an 
organization. And between public and 
private bureaucracies—between GM and 
the Department of Transportation, Gen- 
eral Dynamics and the Pentagon—there is 
a deeply symbiotic relationship. Each of 
these organizations can do much for the 
other. There is even, between them, a 
large and continuous interchange of execu- 
tive personnel. 

Finally over this exercise of power and 
much enhancing it is the rich gloss of 
reputability. The men who guide the 
modern corporation, including the finan- 
cial, legal, technical, advertising, and other 
sacerdotal authorities in corporate func- 
tion, are the most respectable, affluent, 
and prestigious members of the national 
community. They are the Establishment. 
Their interest tends to become the public 
interest. It is an interest that even some 
economists find it comfortable and reward- 
ing to avow. 

That interest, needless to say, is pro- 
foundly concerned with power—with win- 
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ing acceptance by others of the collective 
or corporate purpose. It does not disavow 
profits. These are important for ensuring 
the autonomy of the management—-what 
I have called the technostructure—and for 
bringing the supply of capital within the 
control of the firm. Profits are also a 
source of prestige and therewith of influ- 
ence. But of paramount importance is the 
much more directly political goal of 
growth. Such growth carries a strong eco- 
nomic reward; it directly enhances the 
pay, perquisites, and opportunities for 
promotion of the members of the techno- 
structure. And it consolidates and enhances 
authority. It does this for the individua]— 
for the man who now heads a larger 
organization or a larger part of an organi- 
zation than before. And it increases the 
influence of the corporation as a whole. 
Neoclassical economics is not without an 
instinct for survival. It rightly sees the 
unmanaged sovereignty of the consumer, 
the ultimate sovereignty of the citizen and 
the maximization of profits and resulting 
subordination of the firm to the market 
as the three legs of a tripod on which it 
stands. These are what exclude the role of 
power in the system. All three propositions 
tax the capacity for belief. That the 
modern consumer is the object of a massive 
management effort by the producer is not 
readily denied. The methods of such man- 
agement, by their nature, are embarrass- 
ingly visible. It can only be argued that 
somehow it all cancels out. Elections in 
the United States and Canada are now 
being fought on the issue of the subordina- 
tion of the state to corporate interest. As 
voters, economists accept the validity of 
the issue. Only their teaching denies it. 
But the commitment of the modern cor- 
porate bureaucracy to its expansion is, per- 
haps, the clearest of all. That the modern 
conglomerate always pursues profit over 
aggrandizement is believed by none. Itisa 
commonplace of these last years, strongly 
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reflected in securities’ prices, that agglom- 
eration has always been good for growth 
but often bad for earnings. 

There remains in the modern economy— 
and this I stress—a world of small firms 
where the instruction of the market is still 
paramount, where costs are given, where 
the state is remote and subject through the 
legislature to the traditional pressures of 
economic interest groups and where profit 
maximization alone is consistent with sur- 
vival. We should not think of this as the 
classically competitive part of the system 
—in contrast with the monopolistic or 
oligopolistic sector from which the plan- 
ning system has evolved. Rather, in its 
combination of competitive and monopo- 
listic structures, it approaches the entire 
neoclassical model. We have, to repeat, 
two systems. In one, power is still, as ever, 
contained by the market. In another and 
still evolving system, power extends in- 
completely but comprehensively to mar- 
kets, to the people who patronize them, to 
the state and thus, ultimately, to resource 
use. The coexistence of these two systems 
becomes, in turn, a major clue to economic 
performance. 


I 


Power being so comprehensively de- 
ployed in a very large part of the total econ- 
omy, there can no longer, except for rea- 
sons of game-playing or more deliberate 
intellectual evasion, be any separation by 
economists between economics and poli- 
tics. When the modern corporation ac- 
quires power over markets, power in the 
community, power over the state, power 
over belief, it is a political instrument, 
different in form and degree but not in 
kind from the state itself. To hold other- 
wise—tc deny the political character of 
the modern corporation—is not merely to 
avoid the reality. It is to disguise the real- 
ity. The victims of that disguise are those 
we instruct in error. The beneficiaries are 
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the institutions whose power we so dis- 
guise. Let there be no question: Eco- 
nomics, so long as it is thus taught, be- 
comes, however unconsciously, a part of an 
arrangement by which the citizen or 
student is kept from seeing how he is, or 
will be, governed. 

This does not mean that economics now 
becoraes a branch of political science. That 
is a prospect by which we would rightly be 
repelled. Political science is also the captive 
of its stereotypes—including that of citizen 
contro. of the state. Also while economics 
cherishes thought, at least in principle, 
politicel science regularly accords rever- 
ence to the man who knows only what has 
been done before. Economics does not be- 
come a part of political science. But 
politics does—and must—become a part of 
economics. 

There will be fear that once we abandon 
present theory, with its intellectually 
demancing refinement and its increasing 
instinct for measurement, we shall lose the 
filter by which scholars are separated from 
charlatans and windbags. These latter are 
always a danger, but there is more danger 
in remaining with a world that is not real. 
And we shall be surprised, I think, at the 
new clarity and intellectual consistency 


with wh:ch we see our world, once power is 


made a part of our system. To such a view 
let me now turn. 


IY 
In the neoclassical view of the economy 


a general identity of interest between 


the goals of the business firm and those 
of the community could be assumed. The 
firm was subject to the instruction of 
the cornzuunity, either through the market 
or the ba_lot box. People could not be fun- 
damentally in conflict with themselves— 
always given some reasonable decency in 
income distribution. Once the firm in the 
planning system is seen to have compre- 
hensive power to pursue its own interest, 


VOL. 63 NO. 1 


this assumption becomes untenable. Per- 
haps by accident its interests are those of 
the public but there is no organic reason 
why this must be so. In the absence of 
proof to the contrary, divergence of in- 
terest, not identity of interest, must be 
assumed. 

The nature of the conflict also becomes 
predictable. Growth being a principal goal 
of the planning system it will be great 
where power is great. And in the market 
sector of the economy, growth will, at least 
by comparison, be deficient. This will not, 
as neoclassical doctrine holds, be because 
people have an amiable tendency to mis- 
understand their needs. It will-be because 
the system is so constructed as to serve 
badly their needs and then to win greater 
or less acquiescence in the result. That the 
present system should lead to an excessive 
output of automobiles, an improbable 
effort to cover the economically developed 
sections of the planet with asphalt, a lunar 
preoccupation with moon exploration, a 
fantastically expensive and potentially 
suicidal investment in missiles, submarines, 
bombers, and aircraft carriers, is as one 
would expect. These are the industries 
with power to command resources for 
growth. And central to public purpose— 
to sound resource utilization—will be a 
cutback in such industries, as all instinct 
now suggests. Thus does the introduction 
of power as a comprehensive aspect.of our 
system correct present error. Let us not 
fail to note that these are exactly the in- 
dustries in which an uncomplicated neo- 
classical view of monopoly and oligopoly 
and of profit maximization at the expense 
of ideal resource use would, of all things, 
suggest an expansion of output. How 
wrong are we allowed to be! 

The counterpart of excessive resource 
use in the planning system where power is 
comprehensively deployed is a relatively 
deficient resource use where power is cir- 
cumscribed. Such will be the case in the 
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part of the economy where competition 
and entrepreneurial monopoly as distinct 
from great organization are the rule. And 
if the product or service is closely related 
to comfort or survival, the discontent will 
be considerable. That housing, health 
services, local transportation, some house- 
hold services, are now areas of grave in- 
adequacy is agreed. It is in such industries 
that all modern governments seek to ex- 
pand resource use. Here, in desperation, 
even the devout free enterprisers accept 
the need ‘for social action, even of social- 
ism. 

Again, we may observe, the error of 
economics is prejudicial. Although as 
citizens we advocate restraint in the area 
of excessive resource use, our teaching does 
not. And though as citizens we urge social 
action where the firm approaches the neo- 
classical norm, our teaching does not. In 
this latter case we not only disguise cor- 
porate power but we make remedial action 
in such areas as housing, health care, 
transportation, also abnormal—the con- 
sequence of sui generis error that is never 
quite explained. This is unfortunate for 
here are tasks that require imagination, 
pride and determination. 


Vv 


When power is admitted to our calculus, 
our macroeconomic embarrassment also 
disappears. Economics makes plausible 
what governments are forced, in practice, 


. to do. Corporations have power in their 


markets. So, and partly in consequence, do 
unions. The competitive claims of unions 
can most conveniently be resolved by pass- 
ing the cost of settlement along to the 
public. Measures to arrest this exercise of 
power by limiting aggregate demand must 
be severe. And, not surprisingly, the power 
of the planning system has been brought to 
bear to exclude those macroeconomic mea- 
sures that have a primary effect on that 
system. Thus monetary policy is entirely 
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permissible; that is at least partly because 
its primary effect is on the neoclassical 
entrepreneur who must borrow money. 
Monetary constraint is far less painful 
for the large established corporation which, 
as an elementary exercise of power, has 
ensured itself a supply of capital from 
earnings or financial affiliates or morally 
affiliated banks. The power of the planning 
system in the community has also won 
immunity for public expenditures impor- 
tant to itseli—highways, industrial re- 
search, rescue loans, national defense. 
These have the sanction of a higher public 
purpose. A similar if still slightly less suc- 
cessful effort is being made on behalf of 
corporate and personal taxes. So fiscal 
policy has also been accommodated to the 
interests of the planning system. 

Thus the inevitability of controls. The 
interaction of corporate and trade union 
power can be made to yield only to the 
stronzest fiscal and monetary restraints. 
Those restraints that are available have a 
comparatively benign effect on those with 
power, but they weigh adversely on people 
who vote. When no election is in prospect, 
perhaps such a policy is possible. It will 
earn applause for its respectability. But it 
cannot be tolerated by anyone who must 
weigh its popular effect. 

As with the need for social action and 
organization in the market sector there 
are many reasons why it would be well 
were economists to accept the inevitability 
of wage and price control. It would help 
keep politicians, responding to the reso- 
nance of their own past instruction, from 
supposing controls to be wicked and un- 
natural and hence temporary and to be 
abandoned whenever they seemed to be 
working. This is a poor mood in which to 
develop sound administration. And it 
would cause economists themselves to 
consider how controls can be made work- 
able and how the effect on income distri- 
bution can be made equitable. With con- 
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tro.s this last becomes a serious matter. 
The market is no longer a disguise for 
inequality, however egregious, in in- 
come distribution. Much inequality must 
be seen to be the result of relative power. 


VI 


When power is made part of our system, 
yet ather matters of considerable current 
moment are illuminated. Thus the counter- 
part of systemic differences in development 
as between the planning and market sec- 
tors of the economy is systemic sectoral 
differences in income. In the neoclassical 
systern, resource mobility is assumed, 
broadly speaking, to equalize inter-in- 
dustry return. If there is inequality, it is 
the result of barriers to movement. Now 
we see that, given its comprehensive mar- 
ket power, the planning system can protect 
itself from adverse movements in its terms 
of trade. The same power allows it to 
accept unions for it need not absorb even 
temporarily their demands. In the market 
system, some areas of monopoly or union 
power apart, there is no similar control of 
the terms of trade. Given the absence of ' 
market power there can be no similar 
yielding on wage costs for there is no 
similar certainty that they can be passed 
on. (It is because of the character of the 
industry he seeks to organize, not his 
originel power, that Cesar Chavez is for so 
many tae new Lenin.) And, in the market 
system, the self-employed have the option 
—not fresent in the planning system—of 
reducing their own wages (and sometimes 
those cf families or immediate employees) 
in order to survive. 

Thus there is a built-in inequality in 
income between the two systems. And 
thus also the case for minimum wage 
legislation, support to trade unions in 
agriculture, price support legislation, and 
most important, perhaps, a floor under 
family income as antidotes to such inter- 
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industry inequality. Again this view of 
matters fits our present concerns. Mini- 
mum wage legislation, price support 
legislation, and support to collective bar- 
gaining are all questions of continuing 
political controversy as thev apply to 
small business and agriculture. They are 
not serious issues in highly organized in- 
dustry—in the planning system. And the 
question of a floor under family income, a 
matter of intense political argument, has 
recently divided workers in the planning 
system who would not be beneficiaries 
from those in the market system who 
would be. Again there is reassurance in a 
view of the economy that prepares us for 
the politics of our time. 

The inclusion of power in economic cal- 
culus also prepares us for the great debate 
over the environment. It is the claim of 
neoclassical economics that it foresaw 
possible environmental consequences from 
economic development—that it, some 
time ago, embraced the concept of external 
diseconomies of production and, by infer- 
ence, of consumption. Alas, this is a modest 
claim. The noninclusion of external dis- 
economies was long viewed as a minor 
defect of the price system—an after- 
thought for an hour’s classroom discus- 
sion. And, as E. J. Mishan has observed, 
it was largely ignored in the textbooks. 
Nor does the notion of external disecon- 
omies now offer a useful remedy. No one 
can suppose, or really supposes, that more 
than a fraction of the damage—especially 
that to the beauty and tranquility of our 
surroundings—could be compensated in 
any useful way by internalizing external 
diseconomies. 

If growth is the central and rewarding 
purpose of the firm and if power is com- 
prehensively available to impose this goal 
on the society, the possibility of conflict 
between private growth and public pur- 
pose as regards the environment is im- 
mediately plausible. So, since this power 
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depends extensively not on force but 
persuasion, is the effort to make pollution 
seem palatable or worth the cost, including 
the effort to make advertising of remedial 
action a substitute for action. And so is the 
remedy to which all industrial countries 
are being forced. This is not, primarily, to 
internalize external diseconomies. Rather 
it is to specify the legal parameters within 
which growth may proceed or, as in the 
case of automobile use in central cities, 
airplane use over urban areas, the SST, 
industrial, commercial, and residential 
appropriation of countryside and roadside, 
the kinds of growth that are inconsistent 
with public purpose. We would have saved 
much corruption of our surroundings if 
our economics had held such action to be © 
the predictable consequence of the pursuit 
of present economic goals and not the 
exceptional result of a peculiar aberration 
of the price system. 

We had best, in any case, have the right 
guide to action for the future for there is a 
strong conservative case for such guidance. 
While economists toy weakly with ex- 
ternal diseconomies, others are arguing 
that growth itself is the villain. They are 
seeking its extinction. To see environ- 
mental damage as a natural consequence 
of planning power and purpose and to see, 
in consequence, the need for confining 
growth within parameters that protect the 
public interest could be important for en- 
suring continued economic growth. 

Finally, when power becomes part of our 
system, so does Ralph Nader. We are 
prepared for the explosion of concern now 
called consumerism. If the consumer is the 
ultimate source of authority, his abuse is 
an occasional fault. He cannot be funda- 
mentally at odds with an economic system 
that he commands. But if the producing 
firm has comprehensive power and pur- 
poses of its own, there is every likelihood 
of conflict. Technology is then subordinate 
to the strategy of consumer persuasion. 
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Products are changed not to make them 
better but to take advantage of the belief 
that what is new is better. There is a 
high failure rate in engineering not what is 
better but what can be sold. The con- 
sumer—the unpersuaded or disenchanted 
consumer—rebels. This is not a rebellion 
against minor matters of fraud or misin- 
formation. It is a major reaction against a 
whole deployment of power by which the 
consumer is made the instrument of pur- 
poses that are not his own. 


VII 


There are two conclusions to which this 
exercise—to which incorporation of power 
into our system—compels us. The first, in 
a way, is encouraging. It is that econo- 
mists’ work is not yet done. On the con- 
trarv, itis just beginning. If we accept the 
reality of power as part of our system, we 
have years of useful work ahead of us. 
And since we will be in touch with real 
issues, and since issues that are real inspire 
passion, our life will, again, be pleasantly 
contentious, perhaps even usefully dan- 


` gerous. 


The other conclusion concerns the state. 
For when we make power and therewith 
politics a part of our system, we can no 
longer escape or disguise the contradictory 
character of the modern state. The state is 
the prime object of economic power. It is 
captured. Yet on all the matters I have 
mentioned—-the restrictions on excessive 
resource use, organization to offset in- 
adequate resource use, controls, action to 
correct systemic inequality, protection of 
the environment, protection of the con- 
sumer—remedial action lies with the state. 
The fox is powerful in the management o1 
the coop. To this management the chickens 
must look for redress. 

Thus perhaps our greatest question. Is 
emancipation of the state from the control 
of the planning system possible? No one 


MARCH 1973 


knows. And in the absence of knowledge 
no cne certainly will suggest that it will be 
easy. But there is a gleam of encourage- 
ment. As ever circumstances are forcing 
the pace. 

Ir the United States the recent election 
was fought, all but exclusively, over issues 
in wich the purposes of the planning sys- 
ten. or its major participants diverge from 
those of the public. The question of 
defense expenditures is such an issue. That 
of tax reform is another. The deprivation 
in housing, mass transportation, health 
services, city services, is yet another—one ` 
that reflects the relative inability of these 
industries to organize and command re- 
sources. The question of a guaranteed ` 
income is another such issue. Its effect, as 
I have noted, is on incomes outside the 
planning system—on the exploited in the 
market system, those who are rejected by 
both. The environment is such an issue— 
with its conflict between the technostruc- 
ture’s goal of growth and. the public con- 
cern for its surroundings. Only wage and 
price control was not an issue in the recent 
electicn. That was almost certainly be- 
cause economists of orthodox tendency 
on both sides found the prospect too em- 
barrassing to discuss. 

I dc not mention these issues with any 
purpose save to show that the questions 
that emerge when power is made a part of 
our calculus are present and real. We need 
hardly, remind ourselves that political 
issues are made not by parties and politi- 
cians tut by circumstance. . 

Once power is made part of our system, 
we will not of course escape the political 
contention that comes from dealing with 
issues that are real. This brings me to my 
last point. I do not plead for partisanship 
in our economics but for neutrality. But 
let us be clear as to what is neutral. If the 
state raust be emancipated from economic 
interest, a neutral economics would not 
deny the need. This is what economics now 
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does. It tells the young and susceptible 
and the old and vulnerable that economic 
life has no content of power and politics 
because the firm is safely subordinate to 
the market and to the state and for this 
reason it is safely at the command of the 
consumer and citizen. Such an economics 
is not neutral. It is the influential and in- 
valuable ally of those whose exercise of 
power depends on an acquiescent public. 
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If the state is the executive committee of 
the great corporation and the planning 
system, it is partly because neoclassical 
economics is its instrument for neutraliz- 
ing suspicion that this is so. I have spoken 
of the emancipation of the state from eco- 
nomic interest. For the economist there 
can be no doubt as to where this task be- 
gins. It is with the emancipation of eco- 
nomic belief. 


Short-Run Dynamics in Models of 
Money and Growth 


By Douctas D. Pcrvis* 


Originating with James Tobin’s initial 
treatment of money as a second asset in 
the Solow one-sector growth model, the 
subject of money and growth has received 
a great deal of attention in the recent 
literature. Tobin’s emphasis on portfolio 
balance to determine the equilibrium of the 
model provides a useful framework for the 
discussion of the development of two op- 
posing “schools of thought” among recent 
writers on the subject of money and 
growth. The neoclassical approach follows 
Tobin in his emphasis on portfolio balance 
and includes contributions by Miguel 
Sidrauski and Harry Johnson, among 
others. A cogent and comprehensive state- 
ment of the neoclassical viewpoint can be 
found in the excellent survey by David 
Levhari and Don Patinkin. The second 
apprcach—the Keynes-Wicksell approach 
—as expounded by Jerome Stein in par- 
ticular, and also including contributions 
by Hugh Rose and Keizo Nagatani, faults 
the n2oclassical model on two basic and 
related points. They are the implications 
of the model for the dynamics of price 


* Queen’s University. This paper was written while I 
was a graduate student at the University of Chicago. 
My understanding of the issues has been greatly im- 
proved by many discussions with Rudiger Dornbusch, 
Stanley Fischer, and Michael Mussa. I also wish to 
thank members of workshops at the University of 
Chicago, University of Rochester, and York University, 
and to participants in the Chicago Symposium on Trade, 
Growth, and the Balance of Payments (University of 
Chicago. December 1970) for helpful comments on an 
earlier version of this paper. Jerome Stein, George Borts, 
and an anonymous referee provided very useful com- 
ments for which I am most grateful. Of course, I am 
responsible for any remaining errors. Financial support 
from the Canada Council is gratefully acknowledged. 
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change, and the lack of independent sav- 
ings and investment decisions. 

The neoclassical approach is charac- 
terized by the assumption that desired 
per capita real balances are always held— 
prices must adjust instantaneously to as- 
sure portfolio balance. A given rate of ex- 
pansion of the nominal money stock com- 
bined with the exogenously given rate of 
population growth serves to determine the 
equilibrium rate of inflation consistent 
with asset equilibrium. The division of 
assets between money and physical capital 
is thereby determined, and there need be 
no specification of an independent in- 
vestmənt function—all physical savings 
are instantaneously channelled into capital 
accumulation, and the desired capital 
stock is always held.: 

The long-run properties of the neo- 
classical model allow for the coexistence of 
nonzerc steady-state inflation and goods 
marke: equilibrium by specifying that ex- 
cess demand for goods causes a departure 
from the steady-state rate of inflation, but 
is not a necessary condition for a nonzero 
inflation rate at ary point in time. It is 
contended that, in a dynamic world, there 
are twa forces operating to drive the price 
level—2xcess demand for goods and in- 
flationery expectations. In steady state, 
excess demand is zero; actual inflation 
equals expected inflation, not necessarily 
zero; and the possibility of nonzero steady- 


1 A puzziing result of Tcbin’s initial treatment is that 
the introduction of money into the barter model 
lowered taz capital intensity and output per capita. I 
have recently tried to analyze this seemingly paradoxi- 
cal result 2Jsewhere (see Purvis). 
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state inflation represents a continuously 
changing equilibrium price level. However, 
the assumptions concerning portfolio bal- 
ance outlined above impose rather im- 
plausible restrictions on the short-run be- 
havior of the price level—prices must 
adjust instantaneously and completely to 
eliminate any disequilibrium. Hence when 
monetary disturbances are introduced into 
the analysis, the neoclassical model is seen 
to generate undesirable (or, at least, un- 
realistic) short-run movements in the 
price level.? 

Accordingly, the essential jeatures incor- 
porated into the Keynes-Wicksell models 
are the specification of independent sav- 
ings and investment decisions, and the 
explicit representation of a price equation 
in which prices move only in response to 
excess demand in the goods market. An 
immediate unfortunate consequence of 
such a model is that if monetary policy is 
such that the steady state is characterized 
by a nonzero rate of inflation, then there 
must be perpetual disequilibrium in the 
goods markets such that the plans of 
savers or investors, or both, must be 
frustrated continually. At this point the 
Keynes-Wicksell proponents need to re- 
sort to a deus ex machina—the institu- 
tionally determined allocation of frustra- 
tions—to close the model. 

In a recent article, Stein has elucidated 
the differences between the two ap- 
proaches, elaborating in particular on this 
very point of the different foundations of 
and implications for the dynamics of price 
change inherent in the two approaches. He 
apparently accepts the criticism outlined 


in the above paragraph, and outlines a- 


proposal for reconciling the two ap- 
proaches in which disequilibrium causes in- 


? That is, the neoclassical model represents a “fric-— 


tionless” world in perpetual equilibrium. The present 
paper introduces adjustment costs whereby prices 
respond to eliminate asset disequilibrium only over 
time. On this, also see Fischer. 
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flation to diverge from its expected value. 
Unfortunately, this analysis is hindered by 


‘a stock flow confusion arising from Stein’s 


treatment of the Keynes-Wicksell model. 
There he (correctly) uses Walras’ Law to 
relate price changes to the excess flow 
supply of money, but then chooses to 
treat the special case where a flow excess 
supply of money corresponds to a stock 
excess supply of money in such a manner 
that prices can be represented to move in 
response to a stock excess supply in the 
money market. As we shall show below, 
this seemingly Innocuous misspecification 
gives rise to some unnecessary complica- 
tions in the analysis. 

It is argued here that along with the 
specification of the determinants of in- 
flation, the mere possibility of stock dis- 
equilibrium is in fact the crucial point of 


- departure from the neoclassical scenario; 


and by explicitly considering the implica- 
tions of stock disequilibrium on the de- 
mand behavior of the asset holders, the 
neoclassical and Keynes-Wicksell ap- 
proaches are more easily reconcilable. 
Further, I hope to show that such con- 
siderations lead to the construction of a 
model which retains the desirable long-run 
properties of the neoclassical model, but 
which has more desirable short-run prop- 
erties than either the neoclassical or 
Keynes-Wicksell models outlined above. 
This short-run behavior is derived from 
explicit analysis of flow equilibrium for 
assets in a model in which careful atten- 
tion is given to the development of con- 
sistent stock-flow relationships under con- 
ditions of possible stock disequilibrium. 


3 Of course, the two are obviously closely related, but 
Stein’s analysis implies the very restrictive case of a 
linear homogeneous relationship. Later in the present 
paper we incorporate a stock-adjustment term into the 
flow demand, and then Stein’s case is only valid when 
the flow supply of real balances can be assumed con- 
stant. This seems most inappropriate for the analysis 
of short-run price behavior where shocks are induced 
through changes in the flow supply. 
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A simple neoclassical model is con- 
structed in Section I, and its dynamics 
are briefly explained. In Section II adjust- 
ment costs are explicitly introduced into 
the neoclassical model in order to ra- 
tionalize the possible existence of stock 
disequilibrium. Given such a disequilib- 
rium, and given the assumed adjustment 
costs, wealth holders are seen to adjust 
their asset holdings along an optimal ad- 
justment path which eliminates the stock 
disequilibrium over time. No uncertainty 
is involved—asset holders are assumed to 
be able to perceive the adjustment costs 
correctly and hence form flow demands 
that are feasible. Thus the adjustment 
process, or transitional stage, is charac- 
terized by flow equilibrium. It is important 
to note that while this transitional stage 
is also characterized throughout by stock 
disequilibrium, it is not correct to con- 
sider the analysis of the short-run be- 
havior as “disequilibrium dynamics.” It 
is equilibrium dynamics in the flow sense: 
given the initial stock disequilibrium, and 
given the assumed costs of adjusting these 
stocks, wealth holders adjust asset hold- 
ings in a optimal manner along an equi- 
librium path. Thus the analysis lends itself 
to the usual economic approach of con- 
sidering a constrained optimization pro- 
cedure giving rise to a set of equilibrium 
conditions.* Long-run equilibrium or 
steady state is restored when the stock 
disequilibrium is eliminated. Finally, in 
section III, the special case analyzed by 
Stein is treated briefly, and some con- 
cluding comments are offered summariz- 
ing the implications of the reconciliation 
achieved. 


I. A Simple Neoclassical Model 
For simplicity, we will explore only the 


í The analogy to the stock-adjustment processes 
which have received a great deal of attention in the 
recent literature on the theory of investment of the firm 
is obvious. For example, see J. P. Gould. 
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case where money is produced costlessly, 
held only by consumers, and distributed 
as a government transfer payment in- 
dependently of existing real balances." Per 
capita output is given by equation (1) and 
dispcsable income which includes changes 
in the value of existing real balances is 
giver by equatior: (2): 


(1) y = y(k) 
(2) ye = yk) + mlu — I) 


where m is actual real balances per capita, 
k is the existing capital-labor ratio, u is the 
given constant rate of increase in the 
nominal money stock, and H is the actual 
rate of inflation. We assume that the labor 
force is growing at the constant exoge- 
nouslv given rate 2, and that, for now, per 
capita consumption, c, is a constant frac- 
tion, “1—s) of disposable income.® 

Then, letting D denote the operator 
d/dt, and denoting physical savings per 
capita by Sp, we have: 


(3) Dk =(y~—¢) — nk = Sp — nk 


Por-folio equilibrium is achieved when 
the stock demand for real balances, given 
by ecuation (4), equals the stock supply. 


(4) mè = bli) ylk); b <0 


In equation (4), desired per capita real 
balances are positively related to per 
capite output,’ and the coefficient 6 


ë The latter assumption is necessary in order to retain 
the effects of monetary policy on the steady-state 
capital irtensity. See Stein, p. 96. 

6 The limitations of this assumption are well known; 
however, it will suffice for cur purposes except for the 
following important qualification. In a model incor- 
porating stock disequilibrium, any semblance of maxi- 
mizing behavior would indicate a savings rate varying 
with the stock disequilibrium. This is introduced in the 
savings functior. given by equation (13) in the text. Of 
course, < more satisfactory treatment would be a model 
of full dynamic optimization. 

7It may be more correct to relate m4 to disposable 
income, but as the choice is inconsequential to my re- 
sults, the preser.t analysis is maintained for simplicity 
and for compliance with most of the literature. 
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varies inversely with the nominal interest 
rate 2, defined as the sum of the real rate 
of interest y’(&), plus the expected rate of 
inflation, He. 


i= y) + 0° 


In order to concentrate later on the stock 
adjustment process, the simplifying but 
unrealistic assumption is made that IIe 
always equals the equilibrium rate of in- 
flation, Te=p—vn. 

Equilibrium, or steady state, occurs 
when Dk=0O, or, equivalently, when per 
capita physical savings Sp, given by equa- 
tion (5), equals the investment require- 
ment, 2k. 


Sp = [s — (1 — 5)-b-(u — T)]y(k) 


5 


where o(k, IT) is the physical savings ratio; 
o,<0, on >0. 

Following Sidrauski we set S,=nk and 
solve for equilibrium real balances, given 
by equation (6): 


sy(k*) — nk* 
(1 — s)n 


where the asterisks denote equilibrium or 
steady-state values. Equation (6), plotted 
as the m* curve in Figure 1, represents the 
(long-run) goods market equilibrium locus 
along which the per capita capital stock is 
constant. Above m* there will be excess 
demand in the goods market and k will be 
falling, and conversely below m*. 

In Figure 1, OR(II,) plots equation (4) 
for a given value of Il*=II); hence OR(II») 
is the locus of portfolio equilibrium along 
which m(= m4) would be constant. Above 
and to the left of OR, m would be falling 
and conversely below OR. Of course, as 
emphasized above, the neoclassical model 
is characterized by perpetual asset equi- 
librium so these latter adjustments take 
place instantaneously via changes in the 
price level and all adjustment takes place 


(6) mt= = m(k*) 
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along OR(IIo) in Figure 1. Steady state, of 
course, attains at E. 

A once-for-all increase in the nominal 
money supply would cause the economy 
to move momentarily to a position such as 
P, giving rise to an instantaneous propor- 
tionate increase in the price level causing 
it to return instantly to #. An increase in 
the rate of expansion of the nominal 
money stock would increase the equi- 
librium and expected rate of inflation 
causing OR to rotate clockwise; say now 
passing through points Q and S. Desired 
real balances would fall, hence prices 
would rise immediately to move the econ- 
omy initially to a point such as Q. Then 
it would move along the new OR curve 
towards the new equilibrium position S. 

The price dynamics of the neoclassical 
model can be seen by differentiating 
equation (4) with respect to time, and 
solving for II, yielding: 


© BR, Is) 
(7) I = u — n — — - Dk 





where B(k, Tl) is defined as 0m4/OR, i.e., 


B(k, O9 = [y(k)-8'@)-y"(R) + BG) -y Ck] 


which is positive under usual assumptions 
on y(k). 
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In the steady state, Dk=0 by defini- 
tion, and hence equation (7) has the de- 
sirable steady-state solution T=yu—x. 
Further, from equation (7) it is found that 
in order for II to exceed its steady-state 
value u—n, capital must be decumulating. 
That is, in terms of Figure 1, the section 
of OR northeast of E corresponds to a rate 
of inflation in excess of the steady-state 
rate, u—n (i.e., real balances are falling), 
and conversely for the segment of OR 
southwest of Æ. 

Before going on to consider the recon- 
ciliation of this model with the Keynes- 
Wicksell criticisms outlined above, it is 
perhaps worthwhile discussing briefly the 
attempt by Sidrauski to incorporate more 
reasonable short-run behavior into the 
neoclassical model by introducing adap- 
tive expectations into the analysis. Since 
desired real balances are functionally de- 
pendent on the expected rate of inflation, 
gradual adjustment in expectations allows 
actual and desired real balances to remain 
equal; and at the same time, actual real 
balances can adjust more slowly towards 
their long-run equilibrium level following 
an exogenous monetary disturbance. Be- 
low the short-run behavior of our model is 
compared with that achieved by Sidrauski. 


II. A Model With Stock Disequilibrium: 
A Proposed Neoclassical Variant 


We wish now to relax the neoclassical 
assumption of perpetual stock equilibrium, 
in the sense that we no longer wish to 
treat mi given by equation (4) as being 
identically equal to actual per capita real 
balances m. Such divergence between 
actual and desired real balances must ulti- 
mately derive from the existence of trans- 
actions costs in asset markets. In this sec- 
tion, it is assumed that there exist rising 
marginal costs to the rate of change of 
holdings of capital. Then, as the wealth 


8 This is obviously related to the Penrose effect in the 
theory of investment. See Hirofumi Uzawa and the 
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holder has only two asset forms in which 
he can hold wealth, and will choose to 
equzlize own rates of return at each point 
in time, it is plausible to consider him at 
some point in time holding a stock of real 
balances different from his long-run de- 
sirec. stock. That is, we no longer constrain 
the orice level to adjust instantaneously 
to eiminate any stock disequilibrium in 
the money market. 

However, any stock disequilibrium will 
be eliminated over time as the wealth 
holder adjusts in an optimal manner. That 
is, the stock excess demand for real bal- 
ances will affect the flow demand for real 
balances via some stock adjustment mech- 
anism. As a first approximation, we postu- 
late the following flow demand for real 
balarices: 


(8) f¢ = amt KRIY Dk — a 


where the first term on the right-hand side 
of equation (8) is the steady-state flow 
demand, and the second term is the adjust- 
ment in desired real balances for changes 
in capital intensity as the economy moves 
towards the steady state.? The third term 
is the stock adjustment component of flow 
demand where m is the stock excess supply 
of real balances m—m?; and where a, the 
“speed of adjustment coefficient,” has 
dimersion time. In order to simplify the 


references cited there. In the present case, the costs of 
changing wealth positions include, of course, consump- 
tion foregone. 

9 It seems unreasonable that wealth holders would 
demons-rate the kind of price expectations specified 
and stil. express demand functions in terms of current 
variables only. It would seem more appropriate to have 
them demonstrate similar degrees of sophistication in 
all mar<ets. For example, the expectations function 
specifiec would be more consistent if demands were in 
terms of permanent incomes, while the present demand 
functicrs would be more consistent if combined with 
expectations H* =U (t). However, for present purposes 
we follow the case set out in the text. Although we refer 
to amê as the steady-state component, it differs from 
its steady-state value when the economy is out of steady 
state, i2, when n@>4m*. B(k, I) Dk represents the 
movement along the OR curve of Figure 1. 
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analysis while still emphasizing the stock- 
adjustment mechanism, we will treat a as 
a constant. 

The concept of the stock demand for 
real balances seems to warrant further 
comment at this point. The quantity mt 
given by equation (4) defines, for given k 
and given He, the stock that the asset 
holder would wish to be holding in the 
absence of any costs involved in adjusting 
his actual stock to that level, and m4 then 
can be regarded as the long-run desired 
stock of real balances. However, at any 
point in time there exists the distinct con- 
cept of the stock that the asset holder 
wishes to hold at that instant, given the 
existing stock (which may differ from the 
quantity m*), and given the costs involved 
in changing the level of that existing stock. 
This latter concept can be regarded as the 
short-run (or instantaneous) desired stock 
of real balances, m*. 

While this distinction is useful in sorting 
out the concept of the stock demand for 
real balances, it is even more useful in 
clarifying the nature of the role played by 
the flow demand for real balances.}! The 
long-run stock demand, m?, except insofar 
as expectations are effected by asset 
flows, is defined independently of those 
flows. However, the short-run stock de- 
mand, m’, and the flow demand are closely 
tied in the following way. By the very 
nature of the term a-m in the flow demand 
given by equation (8), if real balances 
are growing at the desired rate then the 
asset holder is in short-run stock equi- 
librium. This is reconciled with the 
existence of stock disequilibrium in the 

10 A more complete analysis would undertake a full 
intertemporal dynamic optimization to determine the 
exact characteristics of the adjustment process—for an 
example of such an analysis in the theory of investment 
of the firm, see Gould. 

1 Yn terms of the language of the recent literature on 
the general theory of disequilibrium (see, for example, 
Herschell Grossman), m? and 14° correspond closely to 


the concepts of “notional” and “effective” demand, 
respectively. 
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long-run sense by the fact that the dis- 
equilibrium is being eliminated at the de- 
sired rate, and hence the wealth holder is, 
at that instant and in this limited sense, 
“happy” with his present stock of real 
balances. That is, m* is the “effective” 
stock demand at any instant when the con- 
straint imposed by the adjustment costs 
is taken into consideration; and the main- 
tenance of flow equilibrium assures that 
m° will identically equal actual m at every 
point in time. Then f? will also equal the 
time derivative of m*(= m). 

Flow supply, f* is given by equation (9), 
and the excess flow supply of real bal- 
ances, f, by the difference f*—f#, in equa- 
tion (10): 


(9) fe = m(u — ID 
f= mlu — IL) — nm? 


10 
a — B(k, I’): Dk + am 


Now, although there may be stock dis- 


equilibrium at any point in time (mi*m), 
wealth holders are able to add to their 
existing real balances at the desired rate— 
again, this is the nature of the term a-m 
in equation (8). Then f identically equals 
zero, and we can solve equation (10) for II: 


m 
Me E 


(11) l 
OBET) 


m 


In the steady state, m=Dk=0, so 
equation (11) has the desired steady- 
state solution, U= u—n. For I to exceed 
its steady-state value, 7. (n+a&) must ex- 
ceed B(k, II*)-Dk. Now, contrary to the 
simple neoclassical model, it is possible for 
capital to ke accumulating while the rate 
of inflation exceeds its steady-state value 
if there is a large enough excess stock sup- 
ply of real balances. 

If we define z as the excess of H over its 
steady-state value, from equation (11) we 
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see that Dé is related to m according to: 


(12) Dk= — -lem — Fln + @)] 


Bk, Oe) 
Equation (12) is the flow equilibrium con- 
dition in the money market. For any given 
value of z, Dk is positively related to ™ 
indicating the portfolio adjustment en- 
tailing dishoarding of real balances, and 
accumulation of physical capital. This 
relationship is plotted in Figure 2 where 
we get a family of positively sloped curves 
mm, each corresponding to different values 
of II (or, equivalently, of z). For any point 
in (Dk, 7) space there exists a value of II 
consistent with flow equilibrium in the 
money market. 

However, Dk must, in fact, move in ac- 
cordance with equation (3)—the flow 
equilibrium condition in the goods market 
—except that we are no longer free to 
interpret that savings rate as a constant 
(compare fn. 6). To proceed, we need to 
explicitly introduce the long-run desired 
capital stock &*. Of course, k? cannot be 
specified independently of mê since in the 
steady state when the long-run desired 
stocks are being held, the asset demands 
m? and kè? must satisfy the wealth con- 
straint, w=m?+k?, However, when we 
allow for stock disequilibrium, it is possible 
at any point in time to have an excess de- 
mand (or supply) for wealth in the sense 
that 24 plus m? exceeds (falls short of) 
plus m.!? Then we wish to postulate the 


1? Tn the text, w is interpreted as actual wealth, equals 
desired wealth in the steady state. Out of the steady 
state, it is k*-+-° that is constrained by actual wealth, 
w= k-4+-m; where the interpretation of &* is analogous to 
m’. However, by the flow equilibrium postulate, 
h'—k=n'—m=0, so that not only do the “short-run 
excess demands” sum to zero, but each individual 
short-run excess demand equals zero. Consideration of 
kå demonstrates why the two Keynes-Wicksell crit- 
icisms of the neoclassical model cited in the second 
paragraph of the present paper are related. The neo- 
classical assumption of perpetual asset equilibrium 
extends, of course, to kf; hence there is no need to also 
consider explicitly an investment function. 
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following behavicr of the savings ratio: 
(13) s = sm, k); 53 < 0,52 <0 


where & is the excess of actual $ over ks, 
The signs of the partial derivatives arise 
from the belief that an excess stock supply 
of either asset will induce people to con- 
sume a larger prcportion of any given in- 
come, and hence the savings rate falls. We 
coulc have considered the simpler case 
where s depends only on the sum 7i-+-8, 
but the present analysis allows for the 
more general behavioral assumption that, 
although the two excess demands are 
obviously not independent, the asset 
holder may wish to adjust one at a dif- 
ferent rate than the other. Of course, both 
versicns yield the same steady-state solu- 
tions. 

Then equation (3) can be rewritten as 


(37) Dk = $(m, k, H); 
pı = 5:[y(#) + m(u — T)] < 0 
E + mle — 0) 
+ (sy’ —n) 20 
ġ = (1—s)-m>0 


Although the sign of œ is theoretically 
ambiguous, it will be negative for all but 
very large negative values of 2, and we 
shall treat ġ as negative throughout the 
analysis. Equation (3’), for k*=k and 
I=" is plotted in Figure 2 as cc.’ When 
we recognize that goods market equi- 
librium implies flow equilibrium in the 
money market, we can draw a goods 
market equilibrium curve for k=k* by 
allowirg for the required change in II. This 
is seen as c’c’ in Figure 2, which is flatter 
than cc due to the sign of ¢3. An increase 


3 The diagrammatic framework used here is not well 
suited for dynamic analysis—it would be more useful to 
work in state variable space. However, Figure 2 clearly 
sets out what is going on in the model, and how the 
portfolio adjustment and goods market equilibrium 
interact to determine II and Dk. 
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in the capital stock would saift c’c’down, 
and conversely for a fall in the capital in- 
tensity. Thus, again we get a family of 
curves, this time with negative slope each 
one plotting the equilibrium combinations 
of Dk and m@ for a given capital intensity. 
At any point in time m, p. k, u, Ile, and 
y are all given, and flow equilibrium de- 
termines II—and hence i—and Dk. In 
terms of Figure 2, this can be seen as 
follows. From given k, we can determine 
which c’c’ curve we are on From given 
m, k, and IIe we also know m, and hence 
we can determine where ve are on the 
c’c’ curve. We can then read Dk off the 
vertical axis and determine II by the mm 
curve passing through the point on the 


D 


m(q,) 


mira) 


~_ 
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c'c' curve. As k and I change through time, 
the time path of the economy can be de- 
termined by the locus of the intersections 
of the appropriate mm and c’c’ curves. 
Steady state in the economy occurs, of 
course, at the origin in Figure 2, where 
Dk=m=0. 

Now consider at time ty a perturbation 
of a steady state by a once-for-all in- 
crease in the rate of expansion of the 
nominal money stock from po to m. The 
immediate effect of an increase in u is to 
create an excess stock supply of money: 
by our static expectations hypothesis the 
demand for real balances falls instan- 
taneously while the actual stock rises 
initially (i.e., before there is any effect on 


* x 
(where T > m > Ue >T and k >k >k? 


FIGURE 2 
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the price level). At to, m will be positive 
and there will be an excess demand for 
goods as desired consumption rises and 
wealth holders try to dishoard by entering 
the zoods market. This excess demand 
causes the rate of inflation to rise and the 
economy moves to a more southeasterly 
mm curve; initially the capital stock is 
giver: and we remain on the original c’c’ 
curve. The economy then has moved to 
point A in Figure 2 where II has been bid 
up to II, and Dé is less than zero. 

At A, mis positive, and due to our static 
expectations hypothesis, unambiguously 
falling.'4 On the other hand, k is negative 
and falling (Dk<0), causing c’c’ to shift 
northeasterly. Then, in Figure 2, the econ- 
omy is moving northwesterly from A, and 
TI is falling. Our expectations hypothesis is 
sufficient to require that m fall asymptoti- 
cally to zero. The new steady state will be 
characterized by a higher capital intensity 
and hence the adjustment path will be 
constrained to satisfy 

To 


Dkdt = 6 


TÅ 


where 0 is the change in the equilibrium 
capital intensity derived from the com- 
parative dynamics of the model.” Two 
possible adjustment paths ABCO and 
ABDO are plotted; k, and hence m?, attain 
their minimum values at B, then rise di- 


4% To see this, consider Din = m(u—n—ME) --B(k I.) 
-Dk, so for Dii<0, we require [T>y—n—(B/m) - Dk, 
which from equation (11) occurs whenever m>0. Hence 
we can draw the heavy black horizontal arrows in 
Figure 2. 

46 Our model retains the neoclassical equilibrium 
properties. See Levhari and Patinkin for a thorough 
treatment of the comparative dynamics propositions of 
the mocel. If we had considered the simple case of 2 
once-for-all increase in the nominal money stock, we 
would again have an initial excess supply of real 
balances, and the resulting adjustment path would be 
similar to that considered in the text, constrained so 
that 


f ” Dkdt = 0 
TA 
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rectly to their respective new long-run 
equilibrium values. Along A BDO, m and II 
fall directly to tkeir respective long-run 
equilibrium values, whereas along A BCO, 
both - and I would overshoot and then 
approach their new equilibrium values 
from below. 

Along the segment AB, the dishoarding 
is reducing 7, but increasing the absolute 
value of k (negative); both effects serving 
to increase the savings rate, and hence in- 
crease the share of current output avail- 
able for capital accumulation. Northwest 
of B, capital accumulation becomes posi- 
tive and & rises; 7 continues to fall and 
both effects are now working towards the 
restoretion of portfclio equilibrium. Fig- 
ure 3 plots representative time paths of 
the variables for the two alternative ad- 
justment paths, where the starred vari- 
ables represent the new equilibrium values 
corresponding to 41.'° In terms of Figure 1, 
the economy moves initially to P, and 
then adjusts gradually, first in a south- 
wester_y direction (capital intensity fall- 
ing) until it crosses m* after which it 
moves southeasterly to the new equilib- 
rium position S. 

It is useful to compare the behavior of 
the capital stock in this mocel to that 
obtained in Sidrauski’s analysis in which 
long-run desired balances are always held, 
but expectations are adaptive. In Sidrau- 
ski’s model, an increase in the rate of 
monetery expansion causes the capital 
stock to initially fall, and then to rise to 
its new steady-state level. Also, in that 
model, the increased real balances initially 
cause an increase in consumption, but in 
this case it is due to the fact that the in- 
creased balances are treated initially as an 
income transfer since the new higher equi- 


16 The long-run effect on #4 is uncertain; the nominal 
rate of interest may rise or fall and hence, so may $ 
(see Levhari-Patinkin, pp. 731-32). Figure 3 is drawn 
on the assumption that the steady-state value of 
mefGn*) rises with g. 
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librium rate of inflation is initially not 
anticipated. Hence, in a sense, there 
wealth holders also tend to consume out 
of their “excess stock supply of real bal- 
ances.” Only after a period of time suff- 
cient for the increased rate of inflation to 
become more fully anticipated do they 


adjust their portfolios in favor of physical | 


capital. If that model had our static ex- 
.pectations, the capital stock would rise 
immediately as the new steady-state in- 
flation rate would be fully anticipated 
immediately. 

In our present model, the actions of the 
monetary authority create a stock dis- 
equilibrium and the wealth holders then 
proceed to inject it into the economy over 
time by consuming out of their excess 
stock supply of real balances. The analogy 


w(t) 
m(t) N 
m(t} 


OTA) FBI HO 
on er a 
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to an economy with no adjustment costs 
but in which price expectations are slug- 
gish, or in which the rate of expansion cf 
the money supply is varied over time, is 
immediate. 

Similar experiments such as money 
destruction, or national disasters which 
destroy part of the capital stock could also 
be treated, and the model could be easily 
extended to include such considerations as 
adaptive expectations and inside money. 

While the present analysis still requires 
“blips” in the price level in response io 
monetary shocks, that seems to be a con- . 
sequence of analyzing discrete policy 
jumps in a continuous time model. Our 
neoclassical variant does, however, appear 
capable of handling nonsteady-state te- 
havior in a richer manner than the simple 


if) HB) tC) t0) 
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necclassical model which had virtually no 
explicit analysis of asset flows. The crucial 
feature of our model which yields this 
richer analysis is the explicit treatment 
given to the possibility of stock disecui- 
librium, and the ensuing analysis of the 
implications of such stock disequilibrium 
for asset flows and resulting interactions 
with the commodity market. 


III. Concluding Comments 


Finally consider the case suggested by 
Stein which might be construed as imply- 
ing the following price equation:?’ 


— 
= 


W=p-n+h-f 


h = 
(14) at ara PN aa) 


— B(k, I°) Dk] 


Again, in the steady state, f=m=Dk=0, 
so equation (14) has the desired steady- 
state solution TI=y—n; and Dk can be 
related to m and z by equation (15): 


1 
B(k, 0°) 


pire) -re+a] 


which is similar to equation (12). We also 
have the same conditions in the goods 
market, except we are not here constrained 
to flow equilibrium, and hence would con- 
duct the analysis in terms of the cc curves, 
and not the c’c’ curves. 


rert 
paua 


(15) 


7 Stein’s analysis implies f=q-m. Solving for g from 
equaticn (8): 


m Bik, Tl) 
q = n — = -——— Dk + a 
m m 
Aa qx, k, Dk), 


so it is really not consistent with our formulation of the 
money flow demand given by equation (8) to treat gasa 
constant. Note that the limits of equation (14) and (15) 
as k-o are (11) and (12); this gives us the most re- 
strictive case of all with only steady-state behavior 
possible, i.e., in Figure 1 the economy is restricted not 
only to positions along OR, but simply to be at Æ. 
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Thus, either equations (11) and (12), or 
equations (14) and (15) might be used to 
analyze nonsteady-state behavior. The 
first set represents essentially the neo- 
classical view wherein the price level is 
essertially driven by the money market, 
but in which costs of adjustment in asset 
markets which give rise to stock disequi- 
libria phenomena are allowed for. The 
lattez set is perhaps more in the spirit of 
the EKeynes-Wicksell paradigm, inasmuch 
as nonsteady-state behavior in the price 
level requires nonzero excess flow demand 
for r2al balances. and therefore nonzero 
excess demand in the goods market. Then 
this latter model still requires some arbi- 
trary method of allocating frustrations. A 
second problem arising in this latter model 
is that, just as in the original Keynes- 
Wicksell models, no forces operating to 
rationalize stock disequilibrium .were in- 
troduzed, and nothing is inherent in the 
mode. to prevent the achievement of flow 
equilidrium. This is particularly disturbing 
when our flow money demand equation (8) 
is introduced as we do here to obtain 
equation (14). 

It therefore seems worthwhile treating 
in more detail the fact that in our neo- 
classical variant there need be no arbitrary 
allocation of frustrations. In terms of the 
demard relationships ‘effective’ at a 
point in time, there need be no frustrations 
for żhere is perpetual flow equilibrium. 
Wealth holders are frustrated only in the 
sense that they do not instantaneously 
achiev2 their desired long-run wealth posi- 
tion. However, the wealth holders do make 
plans to adjust their wealth position in an ` 
optimal manner, and there is nothing 
inherent in the model to prevent the at- 
tainment of these plans. 

It is hoped that the present paper con- 
tributes to the reconciliation sought by 
Stein ir the concluding section of his paper. 
There re states, “The steady state must 
be the esymptotic sclution of the short-run 
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dynamic model: It cannot be brought in 
as a deus ex machina” (p. 104). I believe 
that the neoclassical variant introduced 
in Section II of the present paper meets 
this criteria while maintaining the clearly 
desirable steady-state features of the neo- 
classical model, and introducing short-run 
characteristics which are more appealing 
and meaningful from the viewpoint of 
contemporary economic thought. Of course, 
as a description of short-run macro-eco- 
nomic behavior the present model is in- 
complete. A complete model would, at the 
very least, need to incorporate the effects 
of uncertainty and expectational disequi- 
librium into the analysis and allow for the 
existence of unemployment. 


REFERENCES 


S. Fischer, “Keynes-Wicksell and Neoclassical 
Models of Money and Growth,” Amer. Econ. 
Rev., Dec. 1972, 62, 880-90. 

J. P. Gould, “Adjustment Costs in the Theory 
of Investment of the Firm,’ Rev. Econ. 
Stud., Jan. 1968, 35, 47—55. 

H. Grossman, “Money, Interest, and Prices in 
Market Disequilibrium,” J. Polit. Econ., 
Sept. 1971, 79, 943-61. 

H. G. Johnson, “The Neoclassical One-Sector 


PURVIS: MONEY AND GROWTH 23 


Growth Model: A Geometrical Exposition 
and Extension to a Monetary Economy,” 
Economica, Aug. 1966, 33, 265-87. 

D. Levhari and D. Patinkin, “The Role of 
Money in a Simple Growth Model,” Amer. 
Econ. Rev., Sept. 1968, 58, 713-53. 

K. Nagatani, “A Monetary Growth Model with 
Variable Employment,” J. Money, Credit, 
Banking, May 1969, 1, 228-51. 

D. Purvis, “Introducing Useful Money into a 
Growth Model,” Can. J. Econ., Aug. 1971, 
4, 374-81, 

H. Rose, “Unemployment in a Theory of 
Growth,” Inż. Econ. Rev., Sept. 1966, 7, 50- 
58. 

M. Sidrauski, “Inflation and Economic 
Growth,” J. Polit. Econ., Dec. 1967, 75, 796- 
810. 

R. Solow, “A Contribution to the Theory of 
Economic Growth,” Quart. J. Econ., Feb. 
1956, 70, 796-810. | 

J. Stein, “Monetary Growth Theory in Perspec- 
tive,” Amer. Econ. Rev., Mar. 1970, 60, 85- 
106. 

J. Tobin, “Money and Economic Growth,” 
Econometrica, Oct. 1965, 33, 671-84. 

H. Uzawa, “Time Preference and the Penrose 
Effect in a Two-Class Model of Economic 
Growth,” J. Polit. Econ., Aug. 1969, 77, 
628-53. 


An Analysis of Cooperation and Learning 
| in a Duopoly Context 


By RICHARD M. Cyert AND Morris H. DEGRoot* 


A number of recent papers have intro- 
duced the notion of treating duopoly as a 
multiperiod maximization problem (see 
Cyert and DeGroot (1970a), and James 
Friedman (1968)). Previously, duopoly 
was viewed simply as a one-period maxi- 
mization problem or as some minor varia- 
tion of the latter. Recent work has shown 
that through the utilization of the concept 
of backward induction, models can be 
developed free from the earlier restrictions 
of limited period analysis.’ 

In all of these models, certain fixed 
assumptions about the behavior of the 
two firms are made, and optimal strategies 
are then developed for the firms in a multi- 
period problem based on these fixed be- 
havioral assumptions. In a problem with a 
large number of periods, an equilibrium 
position is ultimately established. There 
are no models currently in existence that 
enable the firms to change their behavioral 
assumptions and their strategies during 
the process of reaching an equilibrium 
position. 

* Carnegie-Mellon University. This research was sup- 
ported in part by the National Science Foundation 
under grants GP-23708 and GS-32514. We are in- 
debted to James Friedman, Martin Geisel, Robert 
Lucas, Edward Prescott, Nancy Schwartz, and Oliver 
Williamson for their helpful comments on an earlier 
version of this paper. We also benefited greatly from tke 
coments of the members of the NBER Seminar on 
Bayesian Inference in Econometrics held in Pittsburgh 
in May 1971. 

1 Duopoly is a particular type of nonzero sum, two- 
person game which is related to, but distinct from, the 
type known as the Prisoner’s Dilemma. Robert Luce 
and Howard Raiffa (pp. 97-102) have discussed a 
multiperiod analysis of the Prisoner’s Dilemma, and 
F. Trenery Dolbear et al. (1968, 1969) have pointed 


out the connections between duopoly and the Prisoner’s 
Dilemma. 
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In this paper we develop a model in 
whick the firms move in a rational fashion, 
from a path leading to a noncooperative 
equilisrium to paths leading to equilibria 
defined by various degrees of cooperation 
and ultimately to the cooperative (collu-. 
sive) solution. In the process of construct- 
ing this model, we will introduce the no- 
tions bf a coefficient of cooperation and of 
mutually optimal reaction functions. We 
will dezive such mutually optimal reaction 
functions for various coefficients of coop- 
eration. We will also utilize the concept of 
Bayesian learning contained in previous 
papers (see Cyert and DeGroot (1970b), 
(1971... 


I, Coefficient of Cooperation 


Consider a duopoly problem in which 
the demand function in any given period 
is p=j;(g, 7), where q is the output of firm 
1 in that period and is the output of firm 
2. If cı(q) denotes the cost function of firm 
1 in eech period and c(7) denotes the cost 
function of firm 2, then the profit r; of firm 
i (t=1, 2) will be 
= qf(q, r) — (9), 

f(g.) = eX) 
Thus ir. a process with n periods in which 
q; and r; denote the outputs in period 


j G=1,..., n), the total profit of firm z 
over the periods will be 


3 wilqi , r;) 


j=1 


719; r) 


f ` 
TA, r) 


The basic goal of each firm is to maximize 
its totel profit. It is well known that this 
total profit will be higher for both firms 
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when they cooperate with each other than 
it will be when each firm attempts to maxi- 
mize its own profit without regard to its 
rival. We propose, therefore, to introduce 
a utility function for each firm that will 
encompass the degree of cooperation the 
firm is prepared to demonstrate toward its 
rival, 

We shall assume that there exists a 
constant y(0<y<1) such that firm 1 
desires to maximize the sum 


n 


(1) Vis 2 [mlga r) + yrl 73)] 
j= 

In other words, it is assumed that V: 
represents the utility function for firm 1. 
If y=0, then the sum in (1) is simply the 
total profit of firm 1 over the n periods. 
However, if y +0, then the sum in (1) isa 
linear combination of the total profit of 
firm 1 and that of firm 2. The number y 
will be called the coefficient of cooperation 
of firm 1. If 0<y<1, firm 1 is interested in 
cooperating with firm 2 and desires to 
maximize its own total profits plus a frac- 
tion of the profits of firm 2. If y=1, firm 1 
is interested in cooperating with firm 2 to 
the extent of desiring simply to maximize 
the total profits of the two firms.? Al- 
though values of y outside the interval 
O<vy<1 are conceptually possible, such 
values do not seem to be of practical inter- 
est and will not be considered further here. 

Similarly, we shall assume that there 
also exists a constant 6(0<6<1) such that 
firm 2 desires to maximize a utility func- 
tion V: of the following form: 


n 


(2) Vo= Do [rqa r) + ôrilgi r;)] 


j=l 


Thus, ô is the coefficient of cooperation of - 


firm 2. 


? Friedman (1962) refers to a similar function and 
credits G. Feeney with suggesting it. However, Fried- 
man does not make the same use of the concept as has 
been done in this paper, nor has Feeney to the best of 
our knowledge. 
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It should be emphasized that in the 
theory to be presented here, there is a 
rational reason why each firm attempts to 
maximize a linear combination such as V: 
or V, rather than simply trying to maxi- 
mize its own profits. The firms recognize 
that for certain pairs of positive values of 
y and ô, their profits will actually be larger 
when they try to maximize V; and V: than 
when each firm tries to maximize its own 
profits directly. We have called V, and V, 
the utility functions of the firms because 
they choose their outputs in order to maxi- 
mize these functions. This terminology is 
slightly inappropriate, however, since the. 
firms ultimately evaluate the usefulness of 
given coefficients y and 6, not in terms of 
how large the values of Vi and V; are, but 
in terms of how large their individual 
profits are. 


YI. Mutually Optimal Reaction Functions 


Ignoring the values of the coefficients of 
cooperation for the moment, we define two 
reaction functions to be mutually optimal 
if the intersection point of the two reac- 
tion functions is also the point of maximum 
profit for each firm relative to the reaction 
function of the rival. This concept can be 
made clearer by looking at the traditional 
Cournot model where the reaction func- 
tions are nct mutually optimal. If firm 1 
knows that firm 2 is using the Cournot 
assumptions, then firm 1 can use this in- 
formation to develop a new reaction func- 
tion that will intersect the reaction func- 
tion of firm 2 at a point that is more 
profitable for firm 1 (see R. G. D. Allen, 
pp. 345-47). On the other hand, two reac- 
tion functions, one vertical and one hori- 
zontal that intersect at the Cournot equi- 
librium point are mutually optimal. With 
this preface we undertake a more complete 
definition and analysis. 

Consider now a duopoly problem in 
which the number of periods v is large. We 
shall assume that the two firms choose 
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FIGURE 1 


their outputs in alternating periods, that 
firm 1 chooses its output q according to a 
reaction function g=a(r}, and that firm 2 
chooses its output 7 according to a reaction 
function r=8(q). In other words, if firm 2 
has just chosen its output in a given period 
to be vo, then firm 1 will choose its output 
in the next period to be qi= afro) while firm 
2 holds its output at rẹ. In the following 
period, firm 2 will then choose its output 
to be 72=8(q1) while firm 1 holds its output 
at gi. The choices continue to be made in 
this alternating fashion through successive 
periods. 

If the curves g=a(r) and r=((q) inter- 
sect at the point y*= (q*, r*), then as indi- 
cated in Figure 1, the sequence of succes- 
sive points 


yı = (qi ro), Y2 = (qi, 72), 
Y = (qs, re), y = (gs, r4), sa 
‘will typically converge to the point y*. 


This convergence to the point of inter- 
section y* will take place for any reaction 
functions aw and 6 satisfying the following 
three properties :* 


1. Both the curves g=a(r) and r 
=ß(q) are decreasing (or nonincreasing). 


2. The curve g=a(r) lies above the 
curve r= (gq) for all points (g, r) such that 
q<g*. 


3. The curve g=a(r) lies below the 
curve #= (gq) for all points (q, r) such that 
q>q". | 


Thus, under these conditions, if the two 
firms repeatedly use the reaction functions 
g=a(r) and r=8(q), their outputs will 


3 These conditions should be familiar to the reader 
since they are analogous to tke constraints on the slopes 
of the merginal revenue and marginal cost curves in 
standard competitive theory (see Paul Samuelson, pp. 
57-89}. 
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converge to g* and r*, regardless of the 
initial outputs at which the process starts. 
Suppose now that the coefficients of 
cooperation of firms 1 and 2 are y and ô, 
respectively, and that each firm knows the 
rival’s cost and reaction functions. In any 
given period, firm 1 knows that corre- 
sponding to any value that it chooses for 
its output gq, firm 2 will react in the next 
period by choosing the value r=£(qg). The 
profits of firms 1 and 2 will then be: 


mlg, 8(9)] = flg, B(q)} — x(q) 


and 


talg, 8(@)| = Lla LA] — ele] 


Since the coefficient of cooperation of firm 


1 is y, firm 1 is interested in maximizing . 


the value of the utility 


(3) P. = mla, 8(q)] + vml9, B(q)] 


Suppose that this utility is maximized at 
the value g=gi. Because of the conver- 
gence which we have described, we know 
that in the long run, the output of firm 1 
will be close to the value g=q* in every 
period. It follows, therefore, that from the 
point of view of firm 1, the most desirable 
value of g* is q*= qy. 

For this reason, we shall say that the 
reaction function g=a(r) of firm 1 ts opti- 
mal against the reaction function r= B(q) of 
firm 2 if g*= giz. In other words, the reac- 
tion function g=a(r) of firm 1 is optimal 
against the reaction function r=£(q) of 
firm 2 if the point of intersection (q*, r*) of 
the two reaction functions, toward which 
the outputs of the two firms converge, is 
also the point on the curve r=ß(q) at 
which the utility P, of firm 1 is a maxi- 
mum. 

Similarly, for any choice of output r by 
firm 2 the reaction of firm 1 will be g=a(r) 
and the profits of the two firms will be 
mifa(r), r] and mla(r), r]. The utility 
function of firm 2 is 


(4) P: = T [a(r), r] “++ bn; [a(r), r| 
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and we shall let rą denote the value of r 
for which this utility is maximized. Then 
we say that the reaction function r=6(q) 
of firm 2 is optimal against the reaction 
function g=a(r) of firm 1 if r*¥=ry. 

Finally, we say that the two reaction 
functions are mutually optimal if both 
qu=q* and ry=r*. In other words, the 
two reaction functions are mutually opti- 
mal if the preferred position of firm 1 along 
the curve r=@(q) is at the point (q*, 7%) 
and the preferred position of firm 2 along 
the curve g=a(r) is also at the point 
(q*, r*). It should be emphasized that the 
coefficients of cooperation y and 6 are as- 
sumed to have given values in this defini- 
tion and that two reaction functions are 
considered to be mutually optimal relative 
to the given values of y and ô. 

When the two reaction functions are 
mutually optimal, neither firm will desire 
to change the point of intersection toward 
which the outputs are converging by 
changing its own reaction function as long 
as the rival frm does not change. 


III. Linear Reaction Functions 


We shall now apply these concepts to 
the special but important case in which the 
demand function is linear and the cost 
functions of both firms are 0. As described 
in our previous paper, we can assume 
without loss of generality that the demand 
function is of the form F(q, r)=1—q—r,* 
so that the profit functions for the firms are 


Tig, r) =g — 8 — qr 
maqar) =r—gr—r 


(5) 


Suppose also that both the reaction 
function g=a(r) of firm 1 and the reaction 
function r={(q) of firm 2 are linear func- 
tions specified as follows: 


4 For simplicity we have not constrained (q+r) to be 
less than 1 in this form. Thus it is possible to get nega- 
tive outputs as in Table 2, A negative output stemming 
from the manipulation of the model has no economic 
significance, 
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a(r) = Tı + Uir, 
8(q) = Ta + Uq, 


where | U;| <1 forz=1, 2. Finally, assume 
that the coefhicient of cooperation of firm 
1 is y and that of firm 2 is 6. 

For 0<y <1, the value gar that maxi- 
mizes the utility P, of firm 1, as given by 
equation (3), can now be found by elemen- 
tary differentiation to be 


1 mm T: + y(U2 = To == 2T-U3) 

(U): ga e 
2(1 + yU2)(1 + U2) 

Similarly, for 0<6<1, the value ra, that 
maximizes the utility P, of firm 2, as given 
by equation (4) will be 
1— Ty + 6(U, — Ty — 27,0) 
2(1 + 6Ui)(1 + Ui) 


Furthermore, the coordinates of the 
point of intersection of the reaction func- 
tions specified by (6) are 


(6) 


(8) mu = 


(9) * = Tı + TU: 
1 — UU: 

and 

(10) p GA 
1 — UU: 


The reaction functions specified by (6) 
will be mutually optimal if, and only if, 
qu= g* and Yyr=r*, 

For any given values of y and 6, there 
will be an infinite number of pairs of reac- 
tion functions that are mutually optimal. 
In fact, a pair of reaction functions speci- 
fied by (6) will be mutually optimal if, and 
only it, the four numbers 71, Ui, Ta, and U: 
satisfy the two constraints gy=g* and 
ru=r*. 

For example, consider the traditional 
case in which y=6=0 and each firm at- 
tempts simply to maximize its own profits. 
In this case it follows from equations (7) 
to (10) that the reaction functions given 
in (6) will be mutually optimal if, and only 
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if; 
ar 1— T; B Tı + TeV, 
’ 2(1 + Ua) 1 — UU, 
and 
(42) 1— Ti E T + TiU: 


Neur. =UV: 


After simplification, equations (11) and 
(12) can be rewritten as follows: 


t — UU, 
(2 + U)(2 + U2) —1 


It can be seen from equation (13) that 
for any choice of the slopes U, and U2 such 
that U;|<1 (i=1, 2), there is a pair of 
mutually optimal reaction functions hav- 
ing those slopes. Furthermore, it is seen 
from equation (13) that the intercepts Tı 
and T must be equal in every pair of 
mutue:ly optimal reaction functions. 

Tke profits of the two firms will, of 
course, be different for different pairs of 
mutvely optimal reaction functions. In 
partizular, for a pair such that U= U2= JU, 
the point of intersection will be g*=7r* 
=: 1/5+U and the profit for each firm at 
this point will be 


(13) Tı = T, ae 


La 


14 = 7g = ——__— 
ma ET 


It follows from equation (14) that as U 
increases from —1 to +1, the profit for 
each irm increases from 0 to §, which is 
the prcfit that they can obtain by dividing 
them nopoly profits between them equally. 

Wher U=0, the mutually optimal 
reaction functions specify that both firms 
will repeatedly choose their outputs at the 
Courrct equilibrium point g=r= 4. It 
should be noted that the usual Cournot 
reaction functions g=3(1—7) and r= 
3(1—c) are not mutually optimal even 
thouga their point of intersection is also 
g=r=jq. 
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IV. Optimal Strategies in Multiperiod 
Decision Problems with 
Alternating Choice 

We shall now consider again a process 
with periods and shall assume that the 
two firms choose their outputs in alternat- 
ing periods as described earlier in this 
paper. In our previous paper we developed 
pure duopoly strategies for the two firms 
by using the method of backward induc- 
tion based on the assumption that each 
firm desired to maximize its total profit 
over the n periods. Here we shall generalize 
this development to a problem in which 
the coefficients of cooperation y and 6 of 
the two firms are fixed, firm 1 desires to 
maximize the utility V; given by equation 
(1), and firm 2 desires to maximize the 
utility V: given by equation (2). 

For each different pair of values of y and 
5, the method of backward induction speci- 
fies a different sequence of outputs for the 
two firms which, in turn, yield a different 
sequence of profits for the firms over the n 
periods. Thus, the choice of y and ô by the 
firms fixes their profit stream over the n 
periods. Suppose, for example, that y=6, 
so the firms are using the same coefficient 
of cooperation, and suppose that cı and cz 
are numbers such that 0<¢:<¢.<1. Then, 
in general, the profits of both firms will be 
higher when y=6=c, than they will be 
when y=6=¢. In other words, it will be 
mutually profitable for the firms to use a 
common coefficient of cooperation that is 
as large as possible. The development 
given in our previous paper (see Cyert and 
DeGroot (1970a)) corresponds to the prob- 
lem in which y=6=0, and the develop- 
ment to be sketched here for arbitrary 
values of y and 6 is completely analogous 
to the development given there. 

We shall assume for convenience that 
the total number of periods # is even and 
that firm 2 must choose its output 7, in the 
final period n. After the output g,-1 of 
firm 1 in period n—1 is known, firm 2 will 
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choose r, tomaximize its utility a2(qn—1, fn) 
+671(¢n—1, fn). Thus, when firm 1 chooses 
its output g,_11n period n— 1, it knows the 
output 7,2 of firm 2 in period n—2 as well 
as the reaction function that firm 2 will 
use in period #. Hence, subject to these 
conditions, it can choose g,_1 to maximize 
its utility over the final two periods 


[w1(qn—11 Tn—2) + y72(Gn—11 r n—2)] 
+ [milga Yn) + yIe(gn—1 tn) | 


By moving backward through the 
process in this way, it is seen that at any 
given period, the firm which must choose 
its output in that period will know the 
reaction functions that will be used bv the 
rival firm and by itself in all later periods. 
Hence, for any given output of the rival in 
the preceding period, it can choose its own 
output to maximize the sum of its utilities 
over all the remaining periods. The se- 
quences of reaction functions for the two 
firms constructed in this way are called the 
pure duopoly strategies relative to the given 
coefficients of cooperation y and 6. 

If this process of backward induction is 
continued indefinitely and the reaction 
functions for the firms are derived for 
earlier and earlier periods, then these reac- 
tion functions will typically converge to 
certain limiting reaction functions. These 
limiting reaction functions are presented 
in the Appendix for the problem in which 
the demand function is linear and the 
profit functions of the two firms are given 
by (5).° In this problem, the reaction func- 
tion used in each period and the limiting 
reaction functions of both firms are linear 
functions. 

It is shown in the Appendix that when 


5 The relations (A1) to (A13) given in the Appendix 
which govern the backward induction process and the 
limiting reaction functions, include a discount factor as 
discussed later in this paper. These relations can be 
applied to the problem being considered here, in which 
the profits of the firms over the # periods are not dis- 
counted, by letting p=1. 
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the profit functions of the two firms are 
given by (5) and the coefficients of cooper- 
ation y and 6 are fixed, the limiting reac- 
tion functions are mutually optimal. More 
generally, as described in our previous 
paper, a wide class of quadratic profit 
functions can be reduced to the form (5) 
by an appropriate choice of the units of 
measurement (see Cyert and DeGroot 
(1970a)). In particular, it follows, there- 
fore, that in any problem in which the 
demand function is linear and the costs of 
the two firms are assumed to be zero, the 
limiting reaction functions will be mu- 
tually optimal. 

Because of the nature of the process by 
which the pure duopoly strategies are 
derived, we believe that for a wide class of 
profit functions other than quadratic ones, 
it will remain true that the limiting reac- 
tion functions are mutually optimal. How- 
ever, at the present time this property has 
been established only for the quadratic 
functions described here. 


V. Changing Coefficients of Cooperation 


Up to this point we have established the 
following conclusions: 


1. For each fixed pair of coefficients of 
cooperation y and ô, there exists an equi- 
librium point obtained from mutually 
optimal limiting reaction functions. 


2. There exists a unique pair of paths 
leading to each such equilibrium point 
established by a process of backward in- 
duction in which each firm wants to be in 
the optimal position vis-a-vis its compet- 
itor et the final point. 

3. When y=6=0, the equilibrium 
point is the noncooperative solution ob- 
tained in our previous paper. When y=6 
and their common value increases toward 
the value 1, the equilibrium point yields 
higher profits for both firms. 


These conclusions mean that each firm 
can be viewed as facing a decision set 
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consisting of an infinite number-of pairs of 
multiperiod decision paths. Each of these 
pairs of paths leads to an equilibrium point 
established from mutually optimal reac- 
tion Zunctions. Each pair is identified by 
the values of the coefficients of coopera- 
tion. held by each firm. On each path the 
alternating decisions assumption holds. In 
eack decision period the firm making the 
decision in that period makes the optimum 
decision, given the rival’s decision in the 
previous period, for maximizing its utility 
over the infinite horizon. This entire pro- 
cess is, of course, based on the assumption 
that neither demand nor cost conditions 
are cLanging. 

It is not however, necessary to assume 
that the coefficients of cooperation are 
fixec. throughout the entire process. Each 
firm can change its coefficient of coopera- 
tion at any time. Hence, no firm need stay 
on a fixed path. 

In order to illustrate the model’s poten- 
tial, let us start with a situation in which 
both firms are on the paths consistent with 
the values y=6=0. Assume that through 
the process of learning, one of the firms 
develops a probability distribution on the 
rival's likelihood of cooperating with a 
larger value for the coefficient of coopera- 
tion. Specifically, let firm 1 have a uniform 
prior distribution for firm 2’s coefficient of 
coop2zation 6 on the interval 0<6<d, 
where 0 is the current value of 5 and d is 
the highest level of cooperation to which 
firm 1 believes firm 2 will implicitly con- 
sent. Let us further assume that if d is less 
than the value of y that firm 1 uses, then 
firm 2 will keep 6=0, and that if y <d then 
firm 2 will match its coefficient of coopera- 
tion and choose ô= y. 

If we assume a two-period analysis, 
then it is possible to determine an optimal 
value for y, the value that firm 1 should 
set. Let Wi(7|0, d) stand for the expected 
utility of firm 1 over the two periods for a 
given value of y (0<+<d). The expression 
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for W; must take into account the fact that 
decisions are made in alternating periods. 
We assume a process in which each firm is 
proceeding along the optimum paths for 
y=6=0. In the period appropriate for 
firm 1 to make its output decision, it does 
so on the basis of the previous output rp of 
firm 2, but with a new choice of y. By 
choosing an output g* that is consistent 
with r and a new value of y>0, firm 1 
indicates to firm 2 that it is prepared to 
operate at a higher level of cooperation 
than previously. Firm 2 then has the op- 
portunity to respond positively, that is, to 
choose an rf based on g* and 6=y>0, or 
to continue to hold 6=0 and choose an 7% 
based on 6=0 and qg*. On this basis, firm 1 
must choose y to maximize the following 
expected utility: 


Wily | 0, d) = [ai(g*, ro) + Yr:(g*, ro) | 
maaan 





d 
+ [ara(g*, ri*) + yralg*, r*)] 


+2 [ara(g*, rž) + yro(g*, rž] 


Since q*, rf, and 7} are also functions of 
y, the maximization process becomes 
messy although straightforward. The ques- 
tion is whether there is a value of y>0 
such that W:(y|0, d)>W,(0|0, d). Some 
economic insight can be gained by re- 
grouping the terms in W1:(y|0, d) and ex- 
amining the resulting expression. We have 


Waly | 0, d) = [ai(g*, ro) + wi(g*, r#*)] 
+ y[ao(g*, ro) + ra(q*, ri*)] 


4 "Smt r) — mlg", ri) 


y? 
+7 ghn — mlae] | 

It is reasonable to assume that the first 
two expressions are positive. The third one 
should be negative since we would expect 
firm 1 to make more profit when firm 2 
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cooperated by making 6=y. The fourth 
term should be positive since we would 
expect firm 2 to make more profit by being 
uncooperative (while firm 1 is being co- 
operative) than by being cooperative. 
Thus, the impact of firm 2’s noncoopera- 
tive action on firm 1 becomes decisive in 
determining whether the expected utility 
is increasing and in determining the size of 
the optimum y if W; is positive. The larger 
the absolute value of the third term, the 
smaller the optimum value of y will be. 
This result, of course, is not surprising 
since it is the response of firm 2 to firm 1’s 
action that is the uncertain element in the 
situation. 

Though this analysis is for the two- 
period case, it illustrates the process by 
which the firms can move from one track 
leading to a mutually optimal equilibrium 
to another. It is possible in this way for the 
firm to move from the uncooperative 
track, y=6=0, to the higher profits corre- 
sponding to y=6=1. Once learning takes 
place and the optimal value of y becomes 
y*>0, firm 1 can rationally attempt to 
move to the new track, namely the one for 
which both y= §=7y”*. Firm 2 then has two 
alternatives. It can refuse to follow and 
make larger profits than it did previously. 
However, it can expect firm 1 to come 
back eventually to the track represented 
by y=6=0. Under such a situation firm 2 
is back to its original profit position. If 
firm 2, on the other hand, moves to the 
new track by making 6=y*, its profits 
will be greater than they were for 6=y=0, 
With the usual assumptions about demand 
and cost curves it is reasonable to assume 
that profits and hence utility become 
greater as y= 6-1. 

It is possible to extend the analysis for 
the optimum new coefficient of cocpera- 
tion to more periods than the two as- 
sumed. It is possible to view the expected ` 
utility over 2 periods and to solve for the 
optimum decision horizon as well as the 
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optimum coefficient of cooperation. It is 
also possible to postulate a different deci- 
sion rule for the firm initiating the move 
to the higher level of cooperation. We as- 
sumed that firm 1 determined its output 
q¥ based on the y and the current output 
of frm 2, 79. Many other decision rules 
migat have been used by firm 1. The main 
point is that firm 1 wants to behave in 
such a way that firm 2 clearly understands 
that firm 1 is signalling a change in the 
level of cooperation. 

The process just described continues to 
occur over time. If firm 1’s efforts succeed 
and firm 2 increases its 6 to make it equal 
to y, then both firms are on a track leading 
toward a new mutually optimal equilib- 
rium point. Both firms are making more 
profits than they were when each was on 
the uncooperative track. Both firms con- 
tinue to learn and form priors about the 
new values toward which the other firm 
will raise its coefficient of cooperation. At 
some point when the decision rule being 
used shows that the expected gain in util- 
ity is worth the risk of increasing the co- 
efficient of cooperation, one of the firms 
will make the move and eventually the 
firms will move to another pair of tracks 
where the profit is higher. In this model 
either firm may initiate the movement. 

Even if the first move should fail to 
stimulate the rival to match the new co- 
efficient of cooperation, eventually the 
process will succeed. The temporary gains 
from not matching will be lost as soon as 
the firm initiating the upward movement 
reduces its coefficient of cooperation back 
to the old. Punishment is as effective a 
stimulus for learning for real firms in the 
real world as it is for subjects in an experi- 
ment in a laboratory. 

We argue, therefore, that this model 
demonstrates the kind of behavior that 
many economists have speculated does 
occur in duopoly and oligopoly. We have 
shown how firms progress from a non- 
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cocperative solution to situations of in- 
creasing profit and ultimately to the tracks 
characterized by y=6= 1. 

The dvnamicization of the duopoly 
mocel has been accomplished by the intro- 
duczton of the concept of firm learning, by 
the formalization of the learning through 
Bayesian analysis, and by utilizing the 
concept of mutually optimal equilibria all 
within the format of multiperiod analysis. 
We believe this pattern of concepts can 
also be used to extend and improve other 
duopsly and oligopoly models (see Cyert 
and [DeGroot (1971)). 


YI. Discounting 


Up to this point no mention has been 
made of the discounting process. We have 
made our analysis with the discount raté 
equal to zero. Such an assumption ‘is, of 


course, unrealistic. 


We shall continue to consider an # 
period problem in which the coefficients of 
cooperation of the two firms are y and 6. 
We saall assume, however, that instead of 
desizing to maximize the sum (1), firm 1 
desires to maximize the following dis- 
counted sum 


(15) Vi = $, Hrga r) + ym(qi, rd], 
ten 

where p is the discount factor and is equal 
to 1/(1++7), where r is the discount rate. 
Thus p=1 is equivalent to no discounting 
(r=9) and p=0 implies r= æ. Similarly, 
it is essumed that firm 2 desires to maxi- 
mize 732e discounted sum 


(16) Vo = >) pt" [me(gs, r) + örlaga r) 
too] 


Ween the firms choose their outputs in 
alterrating periods, the optimal sequence 
of reection functions can again be found 
by -Leckward induction. As before, if the 
proc233 of backward induction is con- 
tinued indefinitely and the reaction func- 
tions are derived for earlier and earlier 
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periods, these reaction functions will typi- 
cally converge to certain limiting func- 
tions. 

These limits are presented in Table 1 for 
various values of y and ô (with y= ô) and 
various values of p, for the simple model 
for which the profit functions rı and rz of 
the two firms are given by (5). The rela- 
tions governing the backward induction 
process in this model are presented in the 
Appendix. 

It follows from the relations given in the 
Appendix, and it can be seen in Table 1, 
that for a discount factor of 0 (y= œ), the 
solution for a coefficient of cooperation of 
0 is the Cournot solution. However, as the 
discount factor increases (r decreases) so 
that the future is weighted more heavily, 
a zero coefficient of cooperation does not 
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lead to the Cournot solution. In fact, for 
higher discount factors the Cournot output 
and profit (but not the Cournot reaction 
functions) can be found at higher coeff- 
cients of cooperation. This fact reempha- 
sizes the point made in our earlier paper 
(see Cyert and DeGroot (1970a)) that the 
Cournot solution requires a certain amount 
of trust. Thus for the true noncooperative 
solution (coefficient of cooperation=0) 
the profit continues to fall as the discount 
factor increases. For any given discount 
factor p<1 it can be seen that the firms 
move toward the monopoly solution as the 
coefficient ‘of cooperation increases and 
attain it when the coefficient is equal to 
one. 

It should be pointed out, however, that 
when a discount factor is present, the ~ 


TABLE 1—LimITING VALUES FOR VARIOUS Discount Factors WHEN y=6 


Ti=T? 


95 0 . 4805 
2 . 4953 
dD 9346 
9 .6133 
0 . 5000 
8 0 4848 
2 4994 
Er .9350 
-9 -5601 
0 . 9000 
3 0 4931 
2 . 5047 
2 .5256 
.9 .5198 
0 . 5000 
2 0 . 4988 
2 . 5038 
i .5100 
9 . 5053 
0 . 5000 
0 0 . 5000 

2 . 5000 

oS . 5000 

9 . 5000 
0 . 5000 > 


L 


U= Us q“ =r* TL=T3 
— 3031 .3687 .0968 
— (393) 3556 . 1027 
— ,&719 3401 . 1088 
— 9185 .3197 . 1153 

. 0000 . 2500 . 1250 

— 3275 .3652 .0984 
— 4238 .3508 . 1047 
— .6122 .3318 .1116 
— 9381 . 2890 . 1220 
— 1.0000 . 2500 .1250 
~~ ,3844 .3562 .1025 
. 4901 .3387 . 1093 

— 6787 a31 .1170 
— 9459 .2671 . 1244 
_ — 1.0000 .2500 .1250 
— ,4513 3437 .1075 
— 5571 .3236 .1142 
— 7253 . 2956 . 1208 
~~ 9486 .2595 . 1248 
— 1.0000 ~ 2500 . 1250 
— .5000 . 3333 „ilil 
— 6000 .3125 1172 
— ,7500 2857 . 1224 
— ,9500 .2564 . 1249 


— 1.0000 -2500 -1250 
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TABLE 2—LIMITING VALUES FOR VARIOUS COEFFICIENTS OF COOPERATION 
WHEN THERE Is No DISCOUNTING 


"y ô Ty U 1 To 

0 0 4791 — 2956 4791 
0 il . 5001 — .3023 4641 
0 2 .5244 -—~.3096 4472 
- 0 3 5527 — .3178 4277 
0 4 .9866 —.3269 . 4049 
0 iD .6279 — .3372 .3776 
0 .6 .6799 — 3491 .3440 
0 at . 7482 — .3632 „3010 
0 8 8435 — ,3802 . 2425 
0 9 .9903 — .4020 ¿1552 
2 2 . 4938 — 3834 -4958 
2 3 5229 — 3942 4750 
2 & 9574 ~~ 4062 4529 
2 5 . 5996 — 4196 4262 
2 6 6529 ~ 4350  .3929 
2 1237 — 4531 .3496 
2 8 8251 ~~ 4752 -2891 
2 9 9901 — .5038 . 1940 
a) re) 5337 —.5580 = 5337 
„5 „ő . 5872 —, 5787 . 5003 
9 si -6585 ~~ 6022 4561 
z9 8 .7630 —.6303 3926 
aS) 2 9465 — 6664 .2856 
8 .8 6038 — ,8042 6038 
-8 9 7760 — 8382 .4790 
9 9 6341 — .9005 6341 


limiting reaction functions obtained from 
the backward induction process will not be 
mutually optimal. 


VII. Summary and Conclusions 


This paper presents an extensive gen- 
eralization of the work that Cournot began 
in 1839. We have generalized the number 
of periods involved in the analysis. We 
have introduced the concept of the coeff- 
cient of cooperation and have shown that 
by varying the discount factor p and the 
values of the coefficients of cooperation y 
and 6 an infinite number of equilibrium 
positions are possible. Only one combina- 
tion, s=0 and y= 6=0, gives the classical 
Cournot solution; although the Cournot 
equilibrium values are shown to exist for 
y=6>0 for p<1. In fact, for any value of 
p there is a value of y and 6 that will give 
the Cournot values. 
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Us gq r* Ti T? 
— , 2956 -3698 ,3698 -0963 .0963 
— .3295 .3996 3325 . L071 .0891 
— 3646 . 4350 . 2886 . 1202 .0798 
— 4009 4777 2362 . 1367 .0676 
—~ ,4389 . 5303 .1721 .1578 .0512 
— 4786 .5969 .0919 . 1857 .0286 
— ,§205 6841 — 0121 2044 — .0040 
— , 5652 . 8029 — .1534 .2810 — .0536 
— 6138 .9799 — 3587 .3712 — .1359 
— ,666& 1.2677 — 6901 .5355 — 2915 
— , 3834 3570 .3570 . 1021 . 1021 
— ,4226 4027 . 3048 .1178 0891 
— , 4636 .4601 .2395 . 1382 .0719 
— , 5669 5344 , 1553 .1658 .0482 
— 5527 -6345 .0422 2051 ` .0136 
— , 6020 .7773 — .1183 .2651 — 0403 
— .6556 . 9989 — 3658 .3665 — , 1342 
—.7159 1.3957 — 8051 5714 — .3296 
— , 5580 3425 .3425 . 1079 . 1079 
— ,6094 .4598 .2201 . 1472 .0705 
— 6645 .6399 .0309 .2107 .0102 
— 1246 .9490 — 2951 3284 —-. 1021 
— 1924 1.6022 — .9840 ~6117 — .3757 
— ,8042 .3346 3346 .1107 .1107 
— ,8710 1.3872 — , 7293 .4745 — .2494 
— ,9005 3337 .3337 .1110 .1110 


Cournot had to restrict his firms to a 
single assumption about their rival’s be- 
havior. By the introduction of the concept 
of learning and by making the manage- 
ment of each of the firms Bayesians, we 
are noż required to restrict our firms to a 
single position with respect to their rival 
during the course of the analysis. We also 
free the analysis of the traditional criti- 
cism against Cournot, i.e., the manage- 
ment cf each firm is stupid and does not 
learn even though the rival firm repeatedly 
behaves contrary to assumption (see 
George Stigler). In our model the firm can 
learn more about the nature of his rival 
and this learning affects the value of the 
coefficient ot cooperation set by the firm. 
In the model developed in this paper, 
either frm may function as the leader in 
trying to move the two firms to a higher 
profit track represented by an increased 
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value of the coefficient of cooperation. The 
decision is made (or not made) to move to 
a higher track by one of the arms on the 
basis of a probability distribution devel- 
oped through learning applied to expected 
profits. We demonstrate that the process 
of learning with changing priors on the 
rival’s behavior enables the firms to move 
to the monopoly solution, given that p <1. 
We also show that for p= 1 and for0<y<1 
and 0<é<1, each track for the firms 
results in a mutually optimal equilibrium 
position. This result does not hold when 
p<i, in other words, when the future is 
discounted. 


APPENDIX 


We shall derive here the optimal strategies 
for each firm when the profit functions in 
each period are given by (5), the coefficients 
of cooperation are y and 6, and firms desire 
to maximize the discounted sums V,; and V; 
given by (15) and (16). When p=1, equa- 
tions (15) and (16) reduce to equations (1) 
and (2), so the discussion which follows in- 
cludes as a special case the problem in which 
there is no discounting (p= 1). 

As far as possible, we shall follow the nota- 
tion of our previous paper (see Cyert and 
DeGroot (1970a)). It is assumed that the 
total number of periods z is even, that firm 1 
must choose its output q; in each odd period 
j, and that firm 2 must choose its output 7, 
in each even period &. 

By backward induction the optimal choice 
of firm 1 in period 7 can be shown to be a 
linear function of the output r; of firm 2 in 
period 7—1. We shall denote this optimal 
choice by 
(A1) g = by + Ufi 
When firm 1 chooses the output g;* and all 
subsequent choices by the two firms on 
periods 7+1 to n are also made optimally, it 
can be shown by backward induction that 
the sum of the utilities for both firm 1 and 
firm 2 on periods 7 to n will be quadratic 
functions of r;a. If Fj(r;-1) denotes the sum 
of these utilities for firm 1 and G;,(r;_4) 
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denotes the sum for firm 2, then these sums 
are of the form: 


2 
(A2) F,(1;~1) = Aj-1 + Bif; FOr 

2 
(A3) Gilrj) = Dji + Hiiti + Ljarja 


Similarly, firm 2 must choose the output 
rą in each even period k. The optimal value 
of ry will be a linear function of q,-1 which we 
shall denote : 


(A4) 


With this choice of 7 and optimal choices of 
outputs by the two firms on all subsequent 
periods from &-+1 to n, the sum of the 
utilities for firm 2 on periods k to w, as a 
function of g,.1, will be denoted 


re = ik F Ukg 


(AS) Gelqe—1) = Ager + Briz- + Cais 


The sum of the utilities for firm 1 will be 
denoted 


(A6) F (dki) = Dg + Hr—igk—i + lina 


All the coefficients in equations (A1) to 
(A6) can be found by backward induction 
beginning with the final period n. For any 
even integer k and any given value of gy-1, 
we have 


Gx(gx—1) = SUP [r 2(qu—1; 7) 
(AT) l , 
+ Sai(qe—1, r) + pGusii7) | 


The value of r that yields the supremum on 
the right side of equation (A7) is 7,*. The 
value of F,(g,-1) can then be determined by 
the relation 


(A8) F(Qe—1) = Tigris 78) 
+ YTo(gk—, ri) + pF aire) 
For any odd integer J, similar relations 
exist for determining the values of Fj(7;_1), 
q;*, and Gilf) ` 
Since the values of Gaila) and Pais(tn) 


must be 0, the backward induction begins 
with the boundary values 


(A9) An = Ba = Cr =D, = Ha = Ly =0 


For any even integer k, the following rela- 
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tions can be derived from equations (A4) to 
(A8): 


1 + pH; 
A10 L= meea 
a AE 
1+8 
Up = me ea 
2(1 — pLi) 
? 
(i + dt 
Ár- = pD, — —— 
Lug 
By = § — (1 -+ 5) tr 
1+ ôu 
Baan (: + Sram 


Dy = pAn + (y + pBx) te 
+ (PCr — Vik 

Hr = 1 — (1+ yi, + (0B, + vy) um 
+ 2(pCy — y) tye 

Lii = (pC, — +) te — (1 + y)u, — 1 


Similarly, for any odd integer 7, a com- 
pletely analogous set of eight equations can 
be derived by replacing k by 7 everywhere in 
(A19) and interchanging y and 6 wherever 
thev occur in (A10). 

If the backward induction process is con- 
tinued indefinitely and the values of & and 
u are calculated for successively smaller 
even integers k, it is found that these values 
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converge to certain limiting values, which 
we shall denote by Ts and Us. Similarly, the 
values of ¢; and u; for odd integers 7 will con- 
verge to certain limiting values T; and U4. 
In other words, the reaction functions (A1) 
and 44) converge to certain limiting reac- 
tion -unctions of the form 


(A11) g q* = Ty -+ U fji 


(A12) re = Ta + Urges 

By replacing br, Uk, By, By, Cki, Cr, 
Hy-1, and L by their limiting values in 
(A10), and replacing t;, tj, By1, By, Cpr, Cy, 
H;-:, and £34 by their limiting values in 
the analogous equations for odd integers j, 
it is found that the limiting values Ti, Uj, 
T;, and Uz must satisfy the four equations 
shown as (A13). If y=6, then Ti;=7, and 
U=, and it can be found from (A13) 
that the common value of T and common 
value of U must satisfy the relations shown 
as (A14). : 

Ncw suppose that p=1, so that there is 
no discounting. When y=6 it follows from 
equations (7) to (10) that the limiting reac- 
tion functions given by (A11) and (A12) will 
be mutually optimal if, and only if, 


_ -U+ òU) 


Qs: Ter e ee 
3+6+0+ 3530 


(1 + p)(1 + pTi — 2T) — p(2 + p + pUi1U2)(T1 + TU) 


(A13) ô= 


ô = 


pl2 + p+ 2(1 + p)U1 + pUU2| (Ti + TU) — pl + p)(T1 + UD 
(+ pU U)? + 20. + 0) U2 
(1 + pU1U 2)? + 2p(1 + p)ULU2 


E (1 + p) (1 + pT: — 271) — p(2 + p — pU1U2)(T2 + TiU) 
, p[2 + p+ 2(1 + p)U2 + pUiUe](T2 + TiU) — o + p)(T2 + U2) 


_ (1 T pU,U2)? F 2(1 F p)Uı 
(1 + pU1U2)? + 2p(1 + p) UU? 


~ 


(A14) 


pC + 8)U* + 2p(1 + p)5U* + pil HUE (1U H 1 = O, 


(1 + o) (1 + piv) U 


‘oe 


145 — pl + 8)U — (p + 3p% + 298) U? — (1 + 8)U? 
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It can now be verified that if T and U satisfy 
the relations (A14), then they also satisfy 
(A15). Hence, the limiting reaction functions 
(A11) and (A12) are mutually optimal. 

An analytic proof that the limiting reac- 
tion functions (A11) and (A12) are mutually 
optimal when p=1 and y#6 has not been 
obtained. However, these limiting reaction 
functions have been computed numerically 
by carrying out the backward induction 
process for a wide range of values of y and 
6 and it has been verified that in every case 
the limiting reaction functions are indeed 
mutually optimal. 

Tables 1 and 2 and this Appendix contain 
a number of interesting and often surprising 
results which have been obtained from the 
simple linear model and are worth sum- 
marizing. 

1. If p=1, then for any given values of y 
and 6, the limiting reaction functions will 
be mutually optimal. 

2. When y= ô and p=1, the profits of both 
firms at the equilibrium point are larger, the 
larger is the common value of y and ô. As 
this common value of y and 6 approaches the 
value 1, the equilibrium point converges to 
the Cournot equilibrium point and the profits 
converge to the Cournot equilibrium profits. 
However, the reaction functions do not con- 
verge to the Cournot reaction functions. 
They converge to a mutually optimal pair of 
reaction functions intersecting at the Cour- 
not equilibrium point. It should have been 
emphasized that the limiting relations (A13) 
and (A14) have been derived under the 
assumption that y and 6 are strictly less 
than 1. These relations are not valid for 
y=6=1 because the backward induction 
process does not lead to a unique equilibrium 
for these values. : 

3. If y<, then the profits of firm 1 at the 
equilibrium point will be greater than the 
profits of firm 2. As firm 1 increases y up to 
the level of 6, the profits of firm 1 do not 
necessarily monotonically decrease. They 
may continue to increase until y gets close to 
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ô, and then start to decrease. For example, 
when y=.2 and 6=.9, the profits of firm 1 
are greater, and the profits of firm 2 are 
smaller than they are when y=0 and 6=.9. 

4. For any fixed value of p(0<p<1) if 
y= 5, then as their common value approaches 
the value 1, the equilibrium point converges 
to the collusive solution. Hence, no matter 
how close to 1 the value of p is, as long as 
p<i, the profits of both firms converge to 
the pure cooperative profits as y and 6 con- 


‘verge to 1. 
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Alternative Programs for Income 
Redistribution: The NIT 
and the NWT 


By Epcar K. BRowNInc* 


Economists have devoted considerable 
attention to the analysis of the advantages 
and disadvantages of the negative income 
tax (NIT) as a mechanism for income 
redistribution. Surprisingly little attention 
has been given to any significantly differ- 
ent alternative to the V7 7—most analyses 
simply compare one variant of the NIT to 
another. But recently several writers have 
suggested that a form of wage subsidy 
offers significant advantages over the 
NIT. This paper is an attempt to provide 
a more complete comparision of these two 
forms of transfer programs with an em- 
phasis on the aggregate labor market con- 
sequences. Needless to say, no attempt is 
made to consider all repercussions of these 
policies. Instead, emphasis is focused on 
labor supply effects and related conditions 
for economic efficiency. 

Section I is an analysis of the effects of 
implementing a NIT when no other trans- 
fer programs are present. Section II is a 
similar analysis for a form of wage subsidy 
which will be referred to as the negative 
wage tax, or NWT. Section III uses the 
analysis of the preceding sections to pro- 
vide a comparison of the NIT and NWT 


* Assistant professor of economics, University of 
Virginia. I am grateful to Roland N. McKean, John H. 
Moore, Edgar O. Olsen, and Roger P. Sherman for 
comments on an earlier draft. This paper draws on 
materials from chapters 2, 4, and 7 of my doctoral 
dissertation. I am especially indebted to Wallace EÈ. 
Oates, my dissertation supervisor, for his encouragement 
and assis-ance. . 

1See Jonathan Kesselman (1969, 1971), Richard 
Zeckhauser, and Zeckhauser and Peter Schuck. 
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on two counts: their incidence and welfare 
cost. 


I, The Negative Income Tax 


The NIT is the name given to a cash 
transf2r program where the transfer varies 
invers2ly with the household’s income: the 
lower the income, the greater the transfer. 
The mechanics of such a program are prob- 
ably familiar, but will be summarized 
briefly in order to show the similarity to 
the NWT. The transfer received by a 
household, then, is 


(1) T = r(B — Y) 


where T is the transfer payment, r is the 
marginal tax rate (sometimes called the 
negative tax rate), B is the level of income 
at which the transfer 1s zero, which is 


called the break-even level, and Y is the 


income of the household. This equation 
gives the transfer for any household with 
income below the break-even level. 

A NIT program is described by its three 
policy variables: z, B, and the income 
guarantee, which is simply the transfer 
that a household with a zero income re- 
ceives. Sut only two of the policy variables 
are independent, since if B and r are set, 
then ecuation (1) specifies the transfer 
where “=zero (the income guarantee).? 

In analyzing such a program it will be 
assumed initially that market wage rates 
do not change. Figure 1 illustrates the 


2? For a discussion of the relationships among the 
policy variables, see Christopher Green. 
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conventional indifference curve analysis of 
the effects of the NIT on work effort and 
income. AP is the budget constraint re- 
lating income and leisure in the absence of 
the NIT, with a slope of (—) the wage 
rate. Equilibrium occurs at Æ, with income 
of EE’ and work effort of PE’. When the 
NIT is implemented, the constraint be- 
comes AKM, where K is the break-even 
income corresponding to B in equation 
(1), and MP is the income guarantee. The 
disposable income of the household will be 
higher than its earned income for any level 
of earned income between zero and B. The 
KM portion of the constraint is flatter 
than the original constraint which indi- 
cates that the net marginal wage rate of 
the household is lower under the NIT. 
This is a result of the marginal tax rate of 
the WIT, since the slope of KM is equal to 
(1—r) times the market wage rate. Thus, 
the higher is 7 the lower is the net marginal 
wage rate. 

This change in the budget constraint 
has two implications of importance to our 
analysis.® The first is that the work effort 
of the household receiving the NIT trans- 
fer will be reduced. The effect on work 
effort can be divided into an income effect 
and a substitution effect. The income ef- 
fect results from the transfer raising in- 
come at each level between zero and the 
break-even level, and part of this incre- 
ment will be taken as increased leisure if 
leisure is a normal good. The substitution 
effect results from the marginal tax rate 
which lowers the net marginal wage rate, 
thus causing a substitution of leisure for 
income. Assuming leisure to be a normal 
good, both the income and substitution 
effects of the program tend to produce a 
reduction in! work effort. The new equi- 
librium is illustrated at F in Figure 1, with 


3 Depending on how the income tax is coordinated 
with the NIT, these implications may also hold for 
some households with income above the break-even 
level. 
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Income 





Leisure 


O E F' p 


work effort equal to PF’, earned income of 
OF’, and a transfer of FQ. Note that the 
income of the household has not been in- 
creased by the full amount of the transfer 
because of the reduction in work effort. 

That a NIT tends to produce a reduc- 
tion in work effort is well known, but a 
second implication of the analysis has re- 
ceived much less attention: it is possible 
that work effort will be reduced sufficiently 
to reduce the income (money income, not 
real income, of course) of the household. 
Thus, an equilibrium may occur at W in 
Figure 1 because the income and substitu- 
tion effects on income are in opposing 
directions and the outcome depends cn the 
size of the opposing influences. If the sub- 
stitution effect is larger then, a NIT will 
actually result in a reduction in the income 
of the transfer recipient. 

This is a somewhat distressing implica- 
tion of the theory and it thus may be 
worthwhile to assess its likelihood. The 
effect on income depends on the size of the 
substitution effect relative to the income 
effect: the larger the substitution effect, 
the more likely is a reduction in income. 
The substitution effect is a consequence of 
the tax rate in the program, and since this 
rate is (normally) the same for all house- 
holds with income between zero and the 
break-even level, we can say, roughly, that 
the stimulus to substitute away from in- 
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FIGURE 2 


come is the same. But the income effect de- 
pends on the size of the transfer, and this is 
smaller the closer is income to the break- 
even level. Therefore the substitution effect 
is relatively more important the higher is 
income, and the income effect is relatively 
more important the lower is income, so the 
likelihood of a reduction in income is 
greater the higher is income.* 

So far we have assumed that market 
wage rates will remain unchanged. This 
assumption has allowed us to get an idea of 
the initial reactions to a NIT, but this is 
not the complete picture because wage 
rates can be expected to change in response 
to introduction of the N/T. If the market 
for labor services of the transfer recipients 
is in equilibrium before the N/T is intro- 
duced, and the NIT results in a reduction 
in the quantity of labor supplied at the 
existing market wage rate, then the market 
will no longer be in equilibrium. The 
quantity demanded will exceed the quan- 
tity supplied and the wage rate will be 
bid up. Thus, the analysis of Figure 1 is 
incomplete for the final equilibrium can- 


4 That this is plausible can be seen by examining two 
extreme cases. If income is initially at the break-even 
level (K in Figure 1), income will definitely be reduced 
by the NIT since there is only a (Slutsky) substitution 
effect. On the other hand, if income is initially below 
the ircome guarantee, then the NIT will definitely in- 
crease income. . 
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not lie on the budget constraint AKM 
since this constraint is based on the lower 
market wage rate that prevailed before the 
NIT was implemented. 

To evaluate the effects of this change in 
wage rates, we have to analyze the ag- 
gregate labor market repercussions. In 
Figure 2, DD, and SS are the demand and 
supply curves in the absence of the NIT- 
program. They are drawn for the house- 
holds whose labor services will be in re- 
duced supply as a result of the NIT, 
which we can think of, roughly, as the 
trans-er recipients. OA is the initial market 
wage rate and OA LB the earned income of 
the recipients. Since Figure 2 represents an 
aggregate labor market, ODLB is total na- 
ticna_ income which is divided between the 
trans-er recipients, OA LB, and the rest of 
society, ADL. 

The NIT results in a leftward shift in 
the supply curve to S'S’, where the reduc- 
tien in the quantity of labor supplied at the 
initial wage rate, JB, is simply the sum of 
the reductions such as £’F’ illustrated in 
Figure 1. Assuming that the other factors 
of production are in inelastic supply, the 
demand curve will not shift. Then the 
equilibrium is at T, with a wage rate of OR 
and quantity of labor OU. The total in- 
come of the transfer recipients will be 
ORT plus the transfers received (which 
are not shown in the diagram). 

This has several important implications 
for an analysis of the NIT: 

1) As we saw earlier, it was possible 
for tke income of the transfer recipients to 
fall. Once we take account of the increase 
in the wage rate, however, the likelihood of 
this occurring is lessened. To see why, 
think of the total change in income as the 


ë Identifying the area under the demand curve as 
total income assumes that total income would be zero 
if the quantity cf transfer recipient labor is zero. If this 
is rot the case, then a constant term must be added to 
ODLB to give total income. In addition, identifying 
OA LB as the income of the transfer recipients assumes 
that they have no nonlabor income. 
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sum of the change which would occur if the 
wage rate did not change and the sub- 
sequent change when the wage rate in- 
creases. The first change (illustrated in 
Figure 1) may result in a reduction in in- 
come, as we saw. But the wage rate in- 
crease will always increase income from 
this level, since an increase in the wage 
rate is the same as a reduction in the 
“effort” price of income and, hence, more 
income will be consumed.® This will be 
true regardless of the slope of S'S” as long 
as the law of demand holds. The net 
effect on income may still be negative, but 
it is less likely due to the increase in the 
wage rate. 

2) The change in the earned income 
of the transfer recipients resulting from the 
NIT will not be an indication of the disin- 
centive effect. Earned income may rise 
despite a significant reduction in work 
effort if the wage rate rises sufficiently. If 
the demand curve is inelastic, then earned 
income for the entire group will rise fol- 
. lowing a reduction in labor supply, and 
conversely. 

3) The taxation necessary to finance 
the transfer cost of the NIT will not 
measure the actual cost borne by the rest 
of society. This is because the gross (pre- 
tax) income of the rest of society will be 
reduced, reflecting the lower marginal pro- 
ductivity of other factors of production 
when the quantity of transfer recipient 
labor they are combined with in produc- 
tion falls.” In Figure 2, this reduction in 
the gross income of the rest of society is 
from ADL to DRT, or ARTL. The area 
ARTL represents an implicit transfer of 
income which occurs within the private 
sector as a result of changes in factor 
prices and is as much a cost to the tax- 


ê See Lionel Robbins. , 

? It is possible that the prices of specific factors which 
are good substitutes for transfer recipient labor will 
rise. But, on average, the price of all other factors must 
fall. 
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payers as the explicit transfer cost of the 
program.® 


II. The Negative Wage Tax 


The negative wage tax is a transfer 
program which assists households by sub- _ 
sidizing the prices at which they sell their 
labor services. The form discussed here is a 
type of wage subsidy which ‘is similar to 
the VIT. But instead of the subsidy vary- 
ing inversely with income, as with the 
NIT, it varies inversely with the wage rate 
of the household. The relationship among 
the variables is given by 


(2) S = s(W, — w) 


where S is the subsidy per hour of work, s 
is the rate of subsidy (a fraction), W, is the 
break-even wage rate at which the subsidy 
is zero, and w is the market wage rate.® 
This equation does not represent the total 
transfer to the household, since the total 
transfer will be equal to S times the aum- 
ber of hours worked. 

Analysis of this program is quite simple. 
Assume initially that market wage rates 
do not change when the NWT is intro- 
duced. Then the budget constraints of all 
NWT iransfer recipients will be changed in 
exactly the same way as if their market 
wage rates increased, with larger increases 
the lower is the initial market wage rate. 
As is well known, the substitution and in- 
come effects of such a change are in op- 
posing directions ‘and the impact on work 
effort is indeterminate. If the house- 
hold’s labor supply curve is upward slop- 
ing work effort increases, and conversely 
if it is backward bending. Without knowl- 
edge of the slope of the supply curve no 
definite prediction can be made. 


8 In an earlier article in this Review I extended this 
analysis to show that an experimental simulation of a 
NIT will not produce unbiased estimates of the effects 
of the program. 

9 The similarity between the NIT and the NWT is 
apparent from a comparison of equations (2) and (1). 


42 THE AMERICAN ECONOMIC REVIEW 


‘Wage 
rate 





Labor 


Ficure 3 


Income (the transfer plus earned in- 
come) will definitely be increased by the 
NWT. An increase in the wage rate is 
equivalent to a reduction in the effort price 
of income, as already mentioned, so more 
income will be chosen. (In effect, the law 
of demand places a limit on how backward 
bending a supply curve can be.) 

One other implication should be noted, 
because of its contrast to the NIT. With 
the VIT all households with income below 
the break-even level will face a net mar- 
ginal wage rate that is one half their mar- 
ket wage rate (if r=.5). This means the 
substitution effect would be relatively 
more important compared with the income 
effect for incomes near the breakeven level. 
This is not true with the NWT: the in- 
come and substitution effects will both be 
smaller near the break-even wage rate be- 
cause the divergence between the net and 
market wage rates becomes smaller as we 
approach the break-even wage rate. For 
example, if s=.5 and W,=$2, at a market 
wage rate of $1 there is a $.50 difference be- 
tween the market and net wage rate, 
whereas at a market wage rate of $1.90 the 
difference is only $.05. Thus, the substitu- 
tion effect of the NWT will tend to be 
smaller at higher wage rates. As we will see 
later, this has important implications for 
assessing the welfare cost of the NWT. 
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Now we will drop the assumption that 
market wage rates do not change and ex- 
amine the impact of the NWT on the labor 
market. In Figure 3, DD, and SS represent 
the market demand and supply curves in 
the ebsence of the NWT: these are the 
same curves as in Figure 2 if the same 
households are being subsidized, The equi- 
librizm market wage rate is OZ, and the 
quantity of labor is OB. The gross income 
of the rest of the community is initially 
EDJ. 

The NWT drives a wedge between the 
market wage rate, which will determine 
the quantity of labor services employers 
will wish to employ, and the net wage 
rate, which will determine the quantity of 
labor services households will wish to pro- 
vide. The supply curve with quantity ex- 
press2d as a function of the market wage 
rate decomes S1S:S. For wages above W. 
(OR :n Figure 3), the supply curve is un- 
changed, since there is no subsidy paid for 
wages above this level. Below this point 
the vertical difference between the two 
supply curves is equal to the subsidy per 
unit. For example, households would be 
willing to supply OB units of labor at a 
market wage of CT with the NWT in ef- 
fect, since this implies a net wage rate of 
OE. With an upward sloping supply curve, 
therecore, the NWT will increase the sup- 
ply o? labor. ; 

This increase in supply results in a new 
equilibrium at K, with a lower market 
wage rate (ON) ard a higher net wage rate 
(OF) than previously. If the supply curve 
is vertical the NWT will result in no 
change in the market rate but a higher net 
rate, and if it is backward bending the re- 
sult is a higher market and a higher net 


_ wage rate, Only in the perverse case where 


the demand curve is vertical would the 
net wage rate received by the recipients 
fail to increase.)® 


it This analysis breaks down if s=1, In this case the 
supply of labor to each firm becomes independent of the 


VOL. 63 NO. I 


The implications of this analysis parallel 
those discussed with reference to the NIT: 
1) The total income of the transfer recipi- 
ents will always be increased by the NWT 
so long as the demand curve is downward 
sloping. This follows from the fact that the 
net wage rate will increase regardless of 
the slope of the supply curve. 2) The 
change in earned income of the transfer 
recipients is not an indication of the in- 
centive or disincentive effects of the pro- 
gram since earned income depends on the 
change in the wage rate as well as the 
change in hours worked. 3) The transfer 
cost again does not measure the burden 
borne by the rest of society. However, for 
the NWT, it is not possible to predict a 
priori whether the actual burden will be 
greater or less than the transfer cost, for 
this depends on the shape of the supply 
curve. If the supply curve is upward slop- 
ing, the actual burden borne by the rest of 
society (FLKN—EJKN) is less than the 
transfer cost (FLKN) by the increase in 
the gross income of the rest of society 
(EJKN). If the supply curve is backward 
bending the actual burden is greater than 
the transfer cost because there will be a re- 
duction in labor supply just as with the 
NIT. 


HI. Comparison of NIT and NWT 


The analysis in the previous sections 
gives some useful insights into the work- 
ings of two alternative welfare programs, 
but it is lacking in several respects. In 
each case the analysis was designed to 
show the effects of the programs on the 
obviously unrealistic assumption that no 
other welfare programs exist. Moreover, 
the analysis also neglects a number of con- 


market wage rate, since the net wage rate would then 
be W, regardless of the market wage rate. This implies 
that the market wage rate would fall to zero and the 
taxpayers would be bearing all the labor costs. To avoid 
this it is necessary to maintain adequate differentials in 
net wage rates for different market wage rates, and this 
means that s should be significantly below one. 
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siderations which are relevant in evaluat- 
ing a transfer program. For instance, the 
effects on family size and stability, crim- 
inal activity, voting behavior, investment 
in human capital, and occupational choice 
may be of considerable importance in 
evaluating the costs and benefits of a 
transfer program. However, in a compari- 
son of the NIT with the NWT at the same 
level of redistribution, these effects may 
be kept the same, and therefore not 
crucial to the analysis. Many of these side 
effects are undoubtedly related more 
closely to the income effects of the redis- 
tribution than to its particular form, so if 
we compare programs of equal magnitude 
we can assume that these side effects will 
not differ substantially and concentrate 
on those factors where differences will 
exist, for example, on labor market effects. 
One objection to a comparison cf the 
NIT and NWT is that the two programs 
cannot be made comparable since a VWT 
will provide no assistance to those who do 
not work; whereas under the NIT these 
households will receive the income guar- 
antee. This objection is quite valid and the 
fact that the NWT affects only those who 
work represents a real drawback. But this 
drawback is not decisive, for it is pcssible 
to use a companion program with the 
NWT to deal with these households. Such 
a companion program could take several 
forms, but for our purposes we will simply 
assume that it provides the same amount 
of assistance to nonworking households as 
would the NWIT. This means that these 
households will be in similar circumstances 
under the NWT and NIT, and we can 
simply ignore them and concentrate on 
working households in the analysis. 


A. Differential Incidence 


Now we will compare the distributional 
effects of a NIT and NWT by applving to 
transfer programs Richard Musgrave’s 
concept of ‘‘differential incidence,” where- 
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by one tax is conceptually substituted for 
another and the consequences traced out.!! 
The NIT and NWT must be of equiva- 
lent magnitudes for this comparison. But 
care must be taken in specifying what de- 
termines equivalent magnitudes. The most 
obvious criterion, equal transfer cost, is 
not appropriate. As we have seen, the 
transfer cost does not generally measure 
the burden on the rest of society of either 
the NIT or the NWT, so that programs of 
equal transfer cost may impose unequal 
burdens on the taxpayers. 

Unfortunately, in dealing with a tax 
plus a transfer program, the definition of 
equivalence is somewhat arbitrary: one 
may define equivalence from the stand- 
point of either the taxpayers or the trans- 
fer recipients. Consequently, we will exam- 
ine both alternatives. Initially, equiva- 
lence will be defined as programs which 
imply the same money income for the 
transfer recipients. (Ideally, this should be 
done for equal real income, but this is 
impossible without a precise knowledge 
of utility functions and an ability to apply 
different policy variables to each recipient. 
Hence, we must content ourselves with 
equating money income.) And, secondly, 
equivalence will be defined as programs 
which imply the same real burden for the 
rest of society (the taxpayers). 

Neither definition is fully acceptable 
when the analysis is applied to the group 
case, as ours will be, since the analysis may 
gloss over distributional effects within 
each group. For instance, an equal money 
income for the entire group of transfer 
recipients under each program may be 
accompanied with a very different dis- 
tribution of that income among the recipi- 
ents. But the seriousness of this is miti- 
gated by the possibility of using graduated 
marginal tax rates or rates of subsidy, and 
thereby allowing some control over the 


1 See Musgrave, ch. 10. 
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distrinution of a given money income un- 
der 2ther program. Accordingly, we will 
ignore this complication. 

Imczially, we will compare programs 
whick result in equal money income for 
the transfer recipients. The supply and 
demand curves for the labor services of 
the -ecipients in the absence of any wel- 
fare program (or in the presence of any 
welfare program which will remain in ef- 
fect with both the NIT and NWT) are 
shown in Figure 4. Consider the NWT 
plan which shifts the supply curve to 
SS Assume that a NIT program which 
results in the same money income for the 
transfer recipients shifts the supply curve 
to $235:. There is no way, of course, to 
show in the diagram that this VIT pro- 
duces exactly the same money income as 
the ZWT. But for our purposes this is not 
impcrtant, since we need only know (as 
we wil see} that the supply curve with the 
NIT kes to the left of the supply curve of 
the comparable NWT. And this will al- 
ways be the case.” 

Tkerefore, when a NIT and NWT re- 
sult m the same money income, the quan- 
tity of labor supplied will be greater under 
the ZWT. The importance of this is that 
it implies that total national income will 
be g-eater under the NWT even with a 


2 Fer an upward sloping supply curve this is obvious, 
since the two programs shift the supply curve in oppo- 
site directions, With a backward bending supply curve 
both programs shift the supply curve to the left, but 
the sh-ft is greater for the NIT. To see why, imagine 
that the leftward shift is equal for the NIT and NWT, 
producing the same market wage rate under both 
programs. This cannot be an equilibrium, for income 
and lesure are identical under both progfams, yet the 
net waze rates differ. The same income and leisure can- 
not represent an equilibrium under both programs, for 
while there is no difference in the income effects at this 
point, -kere remains a substitution effect favoring more 
work (less leisure) under the program with the higher 
net wag> rate. The NWT implies the higher net wage 
rate, smce the net wage under it will exceed the market 
wage rite, while the net (marginal) wage rate under the 
NIT is elways below the market wage rate. This means 
that aa equilibrium with equal income under the two 
programs must imply greater leisure under the N/T. 
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backward bending supply curve, so the 
following analysis will remain valid what- 
ever the shape of the supply curve. 

Now let us determine under which of 
the programs there is the greater burden 
on the rest of society. This can be deter- 
mined by taking the following measure- 
ments from the diagram. 


Total national income: 
1. Under NWT=DKCO 
2. Under NIT=DHAO 


Total income of the transfer recipients: 
3. Under NWT=TKCO-+-transfer cost 
4, Under NIT=FHAO+transfer cost 


Total money income of the rest of society 
(which will also be an indication of total 
real income since we have assumed inelas- 
tic supplies of its factors of production) 
will be: 

5. Under NWT = DKCO—(TKCO+ 

transfer cost) 

6. Under NIT = DHAO—(FHAO+ 

transfer cost). 
This shows that the income of the rest of 
society is simply the difference between 
total national income and’ the income of 
the transfer recipients. Recall that the 
transfer programs have been designed so 
that the income of the transfer recipients 
(the bracketed terms in the above rela- 
tionships) are equal, so we can subtract 
the sixth relationship from the fifth to get: 

7. DKCO—DHAO=HKCA 
HKCA is the amount by which the real in- 
come of the rest of society is greater under 
the NWT than under the VZIT. It is sim- 
ply the difference in national income under 
the two policies. 

Thus, in raising the income of the trans- 
fer recipients to any desired level, the real 
burden on the rest of society is lower under 
a NWT than under a NIT. Despite the 
somewhat lengthy derivation above, this 
is intuitively obvious once it is recognized 
that nationa] income is greater under the 
NWT, for the income of the transfer re- 
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Labor 


cipients is identical in both cases, and the 
remainder of total income is the income of 
everyone else in society. 

It must be noted, however, that equal 
money income under the two prcegrams 
does not imply equal real income for the 
transfer recipients because the quantity 
of leisure will differ for the two programs. 
In fact, since leisure will always be greater 
under the NIT, the transfer recipients 
(ignoring possible distributional effects 
within the group) will be better off under 
the NIT. 

Alternatively, we can compare the NIT 
and NWT when they are designed to pro- 
duce the same burden on the rest of so- 


ciety, i.e., where the net income of the tax- 


payers is the same. The same procedure 
can be used to show that, since national 
income will still be greater under the 
NWT, the income of the transfer recipi- 
ents will be greater under the NWT. Thus, 
at equal real cost to the rest of society, the 
NWT raises the income of the transfer 
recipients by a greater amount. In this 
case it is not possible to generalize con- 
cerning the welfare of the transfer recipi- 
ents, for while they have greater income 
under the NWT they have less leisure.** 


13 These same results can be derived for an individual 
using indifference curve analysis, but this approach 
suffers from the assumption that the market wage rate 
will be the same under both programs. 
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B. Welfare Cost 


In the absence of market imperfections, 
any form of non-lump sum transfer pay- 
ment results in a welfare cost, or excess 
burden. For the NIT the welfare cost re- 
flects the fact that the marginal tax rate 
drives a wedge between the market wage 
rate and the net marginal wage rate, lead- 
ing the recipient to consume too much 
leisure; if he received the same payment 
in the form of a lump sum transfer, he 
would consume more income and less lei- 
sure and would be better off. There is also 
a welfare cost associated with the NWT, 
but here the recipient is led to consume too 
little leisure and too much income relative 
to the distortionless lump sum transfer. 
This difference is due to the fact that the 
NWT involves negative marginal tax 
rates which result in the net wage rate 
being greater than the market wage rate, 
whereas the opposite is true for the NIT. 

Since both forms of transfer programs 
produce a welfare cost, it might appear 
that nothing a priori can be said about 
their relative sizes. But this is not true. 
There are good theoretical reasons for be- 
lieving that the welfare cost of a NWT will 
be smaller than that of a comparable N/T. 
To show this, we will draw on the work of 
Arnold Harberger concerning the measure- 
ment of welfare cost. Harberger shows that 
the welfare cost of an income tax can be 
expressed as: 


(3) Welfare cost = (1/2)em wL 


where e is the elasticity of labor supply 
(expressing the substitution effect alone) ,!4 
m is the marginal tax rate on income, w is 
the market wage rate, and LZ is the quan- 


4 It is important to recognize that there will be a 
welfare cost associated with an income tax even if the 
supply curve as normally drawn, including both in- 
come and substitution effects, is perfectly inelastic. 
The welfare cost reflects the substitution effect of the 
tax; hence, ein (3) will always be positive. 
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tity of labor supplied.“ The total welfare 
cost of the income tax is simply this ex- 
pression summed over all households. 

While this formula was derived by Har- 
berger to measure the welfare cost of an 
income tax, it can also be used to measure 
the welfare cost of a transfer program if 
the transfer payment varies with the 
household’s income. When the transfer 
varies with income there is an implicit 
marginal tax rate which drives a wedge 
between market and net wage rates, and 
this ensures that the formula is appli- 
cable. It makes no difference if the implicit 
marginal tax rate on income is negative, 
as itis with the NWT. 

Now we can give three reasons why a 
NWT is likely to produce a lower welfare 
cost than a comparable NIT." 


1. Assume that the marginal tax rate 
of the NIT is .5 and the elasticity of labor 
supply is the same for all recipients. Then 
the welfare cost as a percentage of gross 
earnings is constant for all recipients: it is 
(1/DemwL/wL, or (1/2)em?. Now con- 
sider a comparable NWT with a rate of 
subsidy of .5. The welfare cost as a per- 
centage of gross earnings is also (1/2)em?, 
but for the NWT this percentage falls as 
the waze rate of the household is closer to 
the break-even wage rate. This is because 
the implicit marginal tax rate on income is 
not given by the rate of subsidy, but in- 
stead is a negative function of the market 
wage rate. 

For example, consider a NIT with 
B=$6C00 and r=.5, and a NWT with 
W,=$3 and s=.5. At a market wage rate 
of $1.5), the negative tax rate (m) under 
the NWT is —.5, but at higher wage rates 


15 The derivation of this formula depends on the 
assumption that distortions other than those arising 
from the :ncome tax are negligible. 

16 The welfare cost associated with the taxation neces- 
sary tc fnance the programs will be ignored on the 
assumption that it will be the same for both programs. 
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it becomes progressively smaller. For in- 
stance, at a market wage rate of $2, m 


equals —.25 since the subsidy here is $.50 


per hour. Thus the NWT will involve a 
lower welfare cost for all households with 
wage rates above $1.50 than will the NIT, 
and a higher welfare cost for those with 
lower wage rates. (This simply reflects the 
fact that the distortion between market 


and net wage rates is smaller the higher is- 


the wage rate under the NWT, whereas 
the distortion is the same (in percentage 
terms) at all wage rates for the NIT.) 
Since most recipients will be in the former 


category and since the base (ZwL) is 


almost certain to be larger here, the total 
welfare cost is likely to be smaller under 
the NWT. 


2. A second factor contributing to a 
lower welfare cost for the NWT is the 
existence of other taxes and transfers 
which impose positive marginal tax rates 
on the recipients of NIT or NWT trans- 
fers. For example, state and local income 
taxes, general sales taxes, the social 
security tax, and many state welfare pro- 
grams all involve positive marginal tax 
rates. ' 

The existence of these other programs 
with the same type of welfare cost as the 
income tax (reflecting their positive margi- 
nal tax rates) has two relevant implica- 
tions. The first is that the additional wel- 
fare cost of the NIT (one cannot now 
speak of the welfare cost of the NIT) will 
be higher than in the absence of these 
other programs. The second is that the 
additional welfare cost of the NWT will be 
lower than in the absence of these pro- 
grams, and may be negative (a welfare 
gain). 

The welfare cost of a NIT as a per- 
centage of gross earnings is (1/2)em?, or is 
proportional to the square of the marginal 
tax rate. If r=.5, the welfare cost is pro- 
portional to .25 if there are no other pro- 
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grams imposing a marginal tax rate on 
income. But since there are such pro- 
grams, assume for purposes of illustration 
that the effective marginal rate (roughly, 
the sum of the marginal rate of eack pro- 
gram)!’ of other programs on income is .2. 
Then there is a welfare cost prior to imple- 
mentation of the NIT which is propor- 
tional to..04. With the NIT in effecz, the 
effective marginal rate will be .7(=.£+.2) 
and the total welfare cost will be propor- 
tional to (.7)*, or .49. The additrona- wel- 
fare cost of the NIT will be proporzional 
to .45(= .49—.04). Note that this is sub- 
stantially higher than the .25 figure we 
arrive at when we ignore the existence of 
these other programs. 

Thus, the existence of other programs 
with positive marginal tax rates implies 
that the additional welfare cost att-ibut- 
able to the N/T is larger than it would be 
in the absence of these programs. 

Exactly the opposite is true for the 
NWT: the additional welfare cost is 
lower when programs with positive margi- 
nal tax rates on income exist. The reason 
is that the effective rate will be the sum 
of the negative rate of the NWT ard the 
positive rate of the other programs: the 
negative rate of the NWT tends to offset 
the positive rate of the other programs. 
Or, to put this another way, the distortion 
of the NWT is in the opposite direction 
from the distortion of the other programs, 
and this means that the NWT wil. tend 
to offset some of the distortion intreduced 
by the other programs. For example, at a 
wage rate where the negative tax rate of 
the NWT is —.2, then the total welfare 
cost will be proportional to (—.2+.2)?, or 
will be zero since the negative rate of the 
NWT exactly offsets the positive rate of 

The effective rate may not be exactly equel to the 
sum of the marginal rates of each program because the 
bases of the different taxes may differ. For instence, the 
effective rate due to the federal income tax and a state 


income tax is less than the sum because siate tax 
liability is deductible in computing federal tax ability. 
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the other programs yielding an effective 
rate of zero. The additional welfare cost of 
the NWT is then proportional to —.04, or 
represents a welfare gain equal to the 
initial welfare cost of the other programs. 

To get an idea of the importance of this, 
consider again the NIT and NWT pro- 
grams discussed earlier (with B=$6000, 
r=.5; W,.=$3, s=.5). If the effective tax 
rate of the other programs is .2, then at 
any wage rate exceeding $1.06 the addi- 
tional welfare cost of the NWT will be 
less than that of the NIT. At $1.06, both 
programs imply an effective net rate of .7 
(in absolute value); for the WIT this is 

‘(.5+.2) and for the NWT (—.9+.2). At 
higher wage rates the effective rate under 
the NWT is lower. In fact, at wage rates 
exceeding $1.67 (where the net effective 
rate under the NWT is —.2) there will be 
a welfare gain as a result of introducing the 
NWT, for the effective rate (absolute 
value) in the $1.67-3.00 range will ac- 
tually be lowered below the preexisting 
rate of the other programs. 

Thus, the NWT tends to offset some of 
the distortions already existing in the sys- 
tem. By contrast, the N/T will aggravate 
these distortions still further. 


3. So far the analysis has relied on an 
implicit assumption which many econo- 
mists would question, i.e., that a lump sum 
transfer (with a zero marginal tax rate) is 
an efficient device (involves a zero welfare 
cost). This would be the case if there are 
no externalities associated with the re- 
sponses of the recipients to the transfer 
payments. But if there are externalities of 
certain kinds, then lump sum transfers 
(which provide the benchmark for a zero 
welfare cost in (3)) will not be efficient. 

Recently, Richard Zeckhauser has ar- 
gued that externalities may be important 
in determining the optimal structure of 
income transfer programs. In effect, he 
suggests that the money income of the 
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poor is an external economy to the tax- 
payers, while they do not care (or care 
less intensely) about the welfare or leisure 
of the poor.*® Zeckhauser shows that if this 
type of interdependence exists then Pareto 
optimality (i.e., absence of a welfare cost) 
in a transfer program requires that it 
have a negative marginal tax rate on in- 
come. While his analysis is somewhat in- 
volved, the key ‘dea is quite simple: at 
equal cost to themselves taxpayers prefer 
(at lzast up to some point) a transfer 
program which results in more money in- 
come and less leisure for the recipients. 
At ecual cost, a program with a negative 
tax rate (for example, the NWT) will pro- 
duce more money income and less leisure 
than a program with a positive rate (for - 
example, the NWIT) or a zero rate (for 
example, lump sum transfers). Hence, a 
program with negative rates will be pre- 
ferrec by the taxpayers. In addition, 
Zeckhauser’s more rigorous formulation 
demonstrates that the transfer recipient 
as well as the taxpayer may benefit in 
moving from a program with a positive 
rate to a program with a negative rate. 

Ir this assumption is valid, then for a 
program to involve a zero welfare cost it 
must use a negative tax rate on income.?® 
This implication strengthens our conclu- 
sions regarding the relative welfare costs 
of a VIT and a NWT. For in this case 
Harberger’s formula must be reinter- 


18 The assumption of this type of interdependence is 
probably less implausible than most such assumptions. 
As evidence, it should ba noted that virtually all of the 
literatuze defines poverty in terms of money income 
alone, rather than as money income plus the value of 
leisure time. 

19 Presumbably, there is an optimal structure of 
negative rates rather than a single optimal rate for all 
the poor. It seems plausible that the optimal rate for a 
househcld with an income of $2000 will be larger (in 
absolute value) than for a household with an income of 
$4000. This would simply reflect a greater concern on 
the par: of the taxpayers to raise the incomes of the 
poorest households. If this is true, then a NWT policy 
is an appropriate remedy, for the negative rates will 
tend žo >e higher for poorer households. 
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preted: the marginal tax rate (m) in the 
formula must measure the divergence of 
the actual marginal rate from the optimal 
negative rate and not from zero. This 
means that any NIT will result in an even 
greater additional welfare cost, since the 
difference between its positive rate and the 
optimal negative rate will be larger than 
the difference between its positive rate 
and zero. On the other hand, a NWT will 
appear even better in comparison with 
the NIT. 

These three reasons taken together make 
a convincing case that a NWT will produce 
a lower welfare cost than a NIT. While 
there is certainly no presumption that any 
real world NWT would be optimal, it will 
at least tend to alter the tax rate structure 
in the proper direction, whereas the NIT 
will tend to exacerbate the distortions 
already present. 

One other matter deserves comment. 
For a NWT to function properly it is im- 
portant that the minimum wage law be re- 
pealed. It does little good to subsidize low 
wage rates heavily if the law prohibits 


employment at these wage rates. After all, — 


a NWT allows the attainment of the ob- 
jectives of the minimum wage law, which is 
something that cannot be said for the law 
itself. Many economists feel that repeal is 
long overdue in any event, but it is worth 
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emphasizing that it will be all the more 
important if a NWT is implemented. 
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Simulation of the Impact of Social and 
Economic Institutions on the Size 
Distribution of Income and Wealth 


By FREDERIC L. PFvor* 


In the vast literature on the distribution 
of income, relatively little systematic atten- 
tion has been paid to the mutual influence 
of the distributions of income and wealth 
on each other, and to the impact of inter- 
generational grants on the entire process. 
The purpose of this essay is to utilize a 
simulation model in which the distribu- 
tions of income and wealth are analyzed 
together. The model permits me to explore 
the influences of such socioeconomic vari- 
ables as the pattern of intergenerational 
grants, the rules of inheritance, the pat- 
terns of mate selection, differential fertility 
of various income classes, and the pat- 
terns of governmental redistributions of 
income and wealth. So many simplifying 
assumptions must be made that the model, 
as it is presented below, cannot be directly 
used for determining the current size dis- 
tribution of income and wealth; neverthe- 
less, the results of the model suggest cer- 
tain neglected factors, particularly the 
shape of the intergenerational savings 
function, that must be taken into account 
if we are to gain a clearer picture of the 
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causal forces operating in the real world. 
The most important biases (mostly lead- 
ing tc greater income equality) arising 
from the simplifying assumptions of the 
mode! are also discussed below. 

To zake all the major long-run factors 
influencing the size distributions of income 
and wealth into account is an extremely 
comp-icated matter, and we face two alter- 
native research strategies; either we model 
these factors mathematically, which re- 
quires some drastic simplifications in order 
to keep the equation system solvable, or 
we teke more factors into account by 
simulazing their impact. While the latter 
procedure does not lead to a completely 
gererel solution it does permit us to in- 
vestigate certain features of economic sys- 
tems using parameters of particular in- 
terest. - 

To place this model in perspective, it is 
useful to note that variance of personal 
incom= can be derived from three sources; 
variances in the distribution of labor in- 
come, of property income, and of the in- 
teraction between these two variables.” In 
this medel, variations of labor income are 
handled by assigning everyone a lifetime 
income equal to the average lifetime in- 

1 Such an approach is followed by Joseph Stiglitz 
and, in £ less formal fashion, by James Meade. 

2 The higher the correlation between individual labor 
and property incomes, the more unequal the distribu- 
tion of ir.come, (See formula in fn, 11.) The correlation 
can, of course, be negative, a situation that apparently 
arose in mandarin China where receivers of property 
income made a special pcint of avoiding manual work, 


even if it meant a lifetime of poverty. (See Hsiao-Tung 
Fei.) 
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come times a random variable with a mean 
of unity and a specified standard deviation. 
Variations in property income stem only 
from differential holdings of wealth; re- 


turns per unit of wealth are assumed 


equal; and, finally, no correlation is 


assumed between individual labor and. 


property incomes. Thus the critical factor 
for a change in the distribution of income 
is a change in the distribution of wealth 
which, in turn, is greatly influenced by 
the different socioeconomic variables speci- 
fied below. 


I. The Basic Model’ 


The simulation model starts with 100 
unmarried people with an arbitrary initial 
distribution of productive wealth. These 
people are “put to work” and both life- 
time labor and property incomes are gen- 
erated by means of a preduction function 
(a Cobb-Douglas function is used at first 
but a CES function is later tried) with 
assumptions of full employment and of 
mean factor payment equal to its marginal 
product. The total amount of property 
income is divided among all wealth 
holders in amounts proportionate to the 
quantity of wealth held by each; the total 
amount of labor income is distributed to 
the entire population by giving each a 
wage equal to the average wage times a 
normally distributed variable (which is 
supposed to represent a differential dis- 
tribution of abilities such as intelligence or 
diligence). 

The people in the model are then lined 
up according to income, and marriages are 
arranged according to one of three differ- 
ent rules: 1) A person can only marry 
another person next to him on the income 
scale (this is called the no-choice rule); 2) 


3 The model rests on the pioneering work of Guy 
Orcutt. Other simulation models of income distribution 
have been made (for example, Hans-Juergen Krupp), 
but these are considerably different than mine and, 
ee have focused primarily on short-run prob- 
ems. 
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The chances for a person marrying anyone 
else are equal (the equal-choice rule); 3) A 
person can marry anyone but the chances 
are greater if the two are closer to each 
other on the income distribution (the 
limited-choice rule).‘ 

The government can then step in and 
redistribute income (either progressively or 
regressively). This is followed by the ac- 
cumulation or disposal of family wealth 
(positive or negative savings) so that a 
specified ratio of family wealth to family 
income is achieved; this intergenerational 
savings function is discussed in detail 
below. Asimplifying assumption used in the 
model is that all wealth and net changes in 
wealth (net savings or dis-savings) are in 
the form of productive capital which yield 
property income. 

At this point the various families have 
children according to their income in the 
following manner: First, the families are 
divided into three groups according to 
whether they are among those with the 
highest family incomes, lowest incomes, or 
in-between. (The percentage of families 
falling in each group can be varied.) Then 
the number of children are specified for 
each group, for example, the rich can be 
designated to have more or fewer children 
than the poor (or vice versa). Polygynous 
situations can be approximated by specify- 
ing many children for the rich and no 
children for the poor, since in such societies 
it is well known that only the wealthier can 
afford to support many wives and the low 
income men often do not marry. . 

The parents are then removed from the 
scene and family wealth is divided among 

4 The probabilities of one person marrying another is, 
of course, changed when a couple is married and re- 
moved from the pool of eligibles. Therefore, the state- 
ments in the text must be considered as just approxi- 
mately true. For the limited-choice model, the probabil- 
ity of marriage is inversely proportional to the differ- 
ence in income rank between the two individuals. The 
calculations are simplified by not designating the sex of 


the individuals so that marriages between any two 
individuals may be possible. 
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the children according to one of three 
different rules: 1) One child can receive 
everything (the primogeniture rule);> 2) 
The property can be divided equally 
among all children (the equal-division 
rule); 3) The first child can receive half of 
the wealth and the remainder is divided 
equally among the rest (the compromise 
rule). At this point the government can 
also redistribute wealth (a type of inheri- 
tance tax). We now have a group of people 
with a given distribution of wealth of 
productive capital whom we put to work; 
the process is repeated many times to see 
if a stable distribution of income and 
wealth is achieved. 

With only a few exceptions (discussed 
below) the processes converge toward an 
“equilibrium distribution” which, when 
attained, is maintained for all succeeding 
generations. In certain cases, however, the 
process is extremely slow and in order to 
avoid inordinate computer expenses, the 
following procedure was adopted. In every 
case the simulation was carried out twice, 
once starting from a highly unequal initial 
distribution of wealth (where the wealthiest 
10 percent of individuals share the total 
societal wealth in equal portions) and once 
starting from a relatively equal wealth dis- 
tribution (where the wealthiest 75 percent 
of individuals share in equal amounts the 
total wealth). Each simulation is then run 
for 30 generations (which represents 1000 
years if a generation is calculated as 334 
years, or 750 years if a generation is 25 
years) end the end results of the simula- 
tions starting from different points ‘are 
averaged; in almost all cases the two esti- 
mates were very similar to each other. 

5 I Fave used an extreme form of primogeniture in 
which che first child, regardless of sex, obtains the entire 
family’s wealth. This variant of primogeniture leads to 
the most extreme wealth-holding inequalities and, in 
additicn, is computationally simpler in that sexes do 
not need to be assigned to particular individuals for 
the mcdel to work. A more usual case of primogeniture 


is, of course, when only the eldest son obtains the 
entire estzte. 
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In the tables I use Gini coefficients as a 
measure of this inequality of the equi- 
librium size distribution of lifetime in- 
come. Gini coefficients are measured by 
calculating Lorenz curves and measuring 
the ratio between the “‘area of inequality” 
and the total income triangle (the coeffi- 
cient ranges from 0.00, which represents 
total equality to 1.00, which represents 
tota. inequality). I have computed four 
other statistical measures of inequality but 
space does not permit their inclusion. In 
certain cases where it is useful to discuss 
relative speeds of convergence, the period 
is measured from the starting point to the 
point when an equilibrium Gini coefficient 
is achieved (plus or minus a small 
amount).® | 

Before the numerical results are pre- 
sented, certain features of the model may 
perhaps be better understood if we exa- 
mine in a qualitative fashion the effect of 
particular variables. 


A. The Simplest Patterns 


If we take a situation where every 
family, regardless of income, has two chil- 
dren; where there is no variation in labor 
income (the random factor is not yet in- 
troduced); and where families do not add 
to, or decrease, their inherited wealth 
(i.e., family wealth is passed on unchanged 
regardless of income, a situation occurring 
when land is the basic source of wealth and 
is not alienable), the observed patterns of 
convergence of the distribution of wealth 
are quite simple and are outlined in Table 
1 below. 

With primogeniture wealth accumulates 
eventually into a single hand.’ The speed 
of convergence is inversely proportional to 
the degree to which people choose marriage 
partners in other income brackets. With 


ê The exact method employed is described in the 
Appendix. 

7T If the eldest son variant of primogeniture is used, 
then, of course, this extreme result will not obtain. 
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TABLE 1—Basic EQUILIBRIUM PATTERNS OF THE DISTRIBUTION OF WEALTH 








j 





Marriage rules 
Inheritance rules No-choice rule Limited-choice rule Equal-choice rule 
Primogeniture Wealth concentrates to a single Same as ne-choice rule, Same as no-choice rule, but con- 


owner; fast convergence. 


Equal division 
the same as starting position. 
slow. 





equal division of inherited property and 
with everyone marrying a person next to 
him on the income distribution, it should 
be readily apparent that no change will 
occur in the size distribution of income and 
wealth, as long as all families continue to 
have two children. In the other two cases 
with equal division of inherited property, 
wealth eventually becomes completely 
equally distributed. 

The compromise rule of inheritance, 
where the first child received half of the 
property and the remainder is divided 
equally among the other children, is the 
same as the equal-division rule (under the 
assumption of two-child families). 

The speed of conversion to equilibrium 
depends, of course, on the distribution of 
wealth at the starting point and at 
equilibrium. Starting from a highly un- 
equal distribution of income, convergence 
is achieved in the primogeniture case in 
three to fiye generations; starting from the 
more equal distribution. of wealth, con- 
vergence takes six to fifteen generations. 
For the equal-division cases where con- 
vergence occurs, the process generally 
takes somewhat longer. Although con- 
vergence speeds in the above examples ap- 
pear to have little economic meaning, they 
become important when governmental 
policy measures are introduced (i.e., re- 
distribution of income and/or wealth) and 
certain goals of income distribution are set. 


but convergence is slower. 


Wealth distribution remains Wealth becomes evenly dis- 
tributed but convergence is 


vergence is slower than other 
primogeniture situations. 


Wealth becomes evenly dis- 
tributed; convergence is faster 
than with limited-choice rule. 


B. The Impact of a Random Variable 
Representing A bilities 

If we now introduce a random variable 
representing differential abilities so that 
labor incomes are the product of the aver- 
age wage times a random variable (with a 
mean of unity), the basic patterns are 
modified in the following ways: 

1) The greater the variation in the 
random element, the more unequal the 
equilibrium income distribution in those 
five cases in Table 1 where convergence is 
observed. This is because greater ex- 
tremes in labor income are generated. 

2) In situations where people are al- 
lowed choice in marriage partners, the 
convergence process is speeded up where 
there is an equal division inheritance rule 
and slowed down where there is primogeni- 
ture. This stems from the fact that there 
is a greater mixing of people of different 
wealth at the time of marriage (since the 
marriage rules are based on total income, 
not wealth alone). Where people marry 
those next to them on the income scale, a 
complication arises which is discussed 
below. 

One important methodological point 
also arises. Introduction of a random ele- 
ment raises difficulties in determining the 
exact equilibrium distribution of income. 
In interpreting the various tables pre- 
sented below, small differences in the co- 
efficients should be overlooked and, al- 
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though data are presented to three places, 
variations of several percent or less should 
usually be neglected. 


Throughout the remaining simulations ` 


the random factor is set with a standard 
deviation of 15 percent, which is roughly 
similar to the variation of I.Q. test scores. 


C. The Impact of Differential 
fertility Rates 


In ali cases primogeniture leads to a 
highly unequal income distribution since, 
whatever the fertility pattern, only one 
child receives all the property. Similarly, 
in all cases where the rich have only one 
child (which leads automatically to primo- 
geniture) a highly unequal equilibrium 
income distribution is also generated. 

In nonprimogeniture cases, fertility 
affects tne end results considerably. In 
cases where fertility increases with income, 
the system should converge relatively 
quickly to fairly even distributions. (Such 
a situation allegedly occurred in past eras 
in oriental despotic societies where the 
rulers encouraged polygyny so that the 
rich would have a much higher fertility 
rate than other classes and, at the same 
time, forbade primogeniture; the end re- 
sult was supposed to be an economy witha 
relatively even distribution of income and 
no independent bases of wealth with 
which to challenge royal authority.)® 

Simulation results of different patterns 
of fertility among the income classes are 


presented in Appendix Table 1. For - 


simplicity, in the rest of the paper, I 
assume that fertility is the same in all 
income classes unless otherwise specified. 


II. Quantitative Results: No Saving; 
Stationary Population; No 
Technological Change 


We are now ready to begin the quantita- 
tive investigation. In Table 2 below, the 
results far the most simple situation with 


8 Such systems are analyzed by K. Wittfogel. 
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different marriage and inheritance rules 
are presented. There is no accumulation of 
wealta for the society as a whole and each 
family passes on only that wealth which it 
inherits. 


TABLE 2-~-GINI COEFFICIENTS OF EQUILIBRIUM INCOME 
DISTRIBUTION ASSUMING DIFFERENT MARRIAGE 
AND INHERITANCE RULES 


Marriage Rules 


Inheritance No- Limited- Equal- 

Rules Choice Choice Choice 
Primogeniture 307 308 297 
Comprcmise 064 .060 
Equal Division a .064 .060 


A sswaditins: No net family capital formation; no cap- 
ital or Income redistribution; all families have two chil- 
dren; star.dard deviation of the random element is .15; 
labor share of national income is 75 percent. 

a If the system starts from a highly unequal distribu- 
tion of wealth, the equilibrium distribution of income is 
equal to izs original value. If the system starts from a 
relatively equal wealth distribution where high ability 
people with no property might marry low ability people 
with property (since they would be next to each other on 
the income scale), then the equilibrium income distribu- 
tion would be highly equal. 


As expected, the inequality of income is 
higher with primogeniture than with the 
compromise or equal division inheritance 
rules (which give the same answers be- 
cause each family has only two children). 
As we also expect, the equilibrium income 
distribut.on does nct seem greatly af- 
fected by the marriage rules; in this simple 
model tke major effect of the marriage 
rules appears on the speed at which 
equilibrium is achieved. Only in much 
more complicated models do the marriage 
rules appear to have much impact on the 
equilibrium size distribution of income. 
One puzzing phenomenon appears in the 
primogeniture case where the other mea- 
sures of inequality give somewhat different 
results but this is due most likely to a 
change in the-shape of the distribution of 
income, with slightly increasing inequality 
at the high income end and slightly de- 
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creasing inequality at the middle and 
lower income levels. This particular result 
does not appear due to random factors 
since equilibrium was achieved from all 
starting points of the simulation and the 
various results given particular marriage 
and inheritance rules were very similar. 

In the simulation model a wealth redis- 
tribution process can be set up so that all 
inherited wealth is taxed a given per- 
centage and then the totel amount of 
taxed wealth is distributed equally among 
all individuals. If the tax rate is positive, 
then such a process is progressive because 
the least wealthy end up with a net gain in 
wealth while the most wealthy end up with 
a net loss. This manner of specifying a 
' capital tax on inherited wealth allows the 
total amount of privately held wealth to 
remain constant. 

The results of imposing a capital re- 
distribution tax are presented in Table 3 
and can be summarized quite easily: The 
greater the redistribution of wealth, the 
more equal the equilibrium distribution 
of income and wealth. This, of course, is 
not surprising. The equilibrium income dis- 
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tributions are most unequal for the primo- 
geniture cases and most equal when family 
property is evenly distributed among 
heirs, a result similar to the previous find- 
ings. The marriage rules again have a rela- 
tively small impact. It must be noted that 
with very high redistributions of wealth, 
the differences in the equilibrium distribu- 
tions with the various marriage and in- 
heritance rules are relatively small; it 
appears that after a certain point, the 
redistribution swamps the effects of other 
institutions. 

Since the redistribution of wealth can 
be a deliberate tool of governmental policy, 
the rate of convergence to the equilibrium 
income distribution is of considerable in- 
terest. Several generalizations can be 
made: First, imposition of a redistribution 
of wealth greatly increases the speed of 
convergence and in almost all cases con- 
vergence is achieved within five genera- 
tions (with the major portion of the 
changes occurring in the first two genera- 
tions). Second, convergence appears to be 
faster when the model is started with rela- 
tively more unequal wealth distribution 


TABLE 3—GNI COEFFICIENTS OF EQUILIBRIUM INCOME DISTRIBUTION 
WITH DIFFERENT REDISTRIBUTIONS OF WEALTH 


Marriage Rules 


Redistribution and 
inheritance rules No-Choice Limited-Choice | Equal-Choice 

No redistribution of wealth 

Primogeniture 307 308 297 

Equal division a .064 .060 
30 percent redistribution of wealth 

Primogeniture 156 158 148 

Equal division O61 .063 .063 
60 percent redistribution of wealth 

Primogeniture .088 O91 .089 

Equal division 062 062 .064 
90 percent redistribution of wealth 

Primogeniture .061 .066 .064 

Equal division 062 .062 .062 


Assumptions: see Table 2 
2 See fn. a, Table 2 
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than with a relatively more equal wealth 
distribution. In other words, achieving a 
more equal distribution of income by 
means of a redistribution of wealth can be 
carried out more quickly in those cases 
where the differences between actual and 
desired distributions are greatest. 

Introducing a redistributive income tax 
changes, of course, the equilibrium income 
distribution. In this case wealth is not 
affected; and since marriages are arranged 
according to relative income, this part of 
the system is not affected either. Under the 
assumptions in this section about no-net 
intergenerational accumulations of family 
capital, the speed of convergence toward 
the equilibrium income distribution should 
not be affected. However, once we allow 
net intergenerational accumulation of capi- 
tal based on family income, then an in- 
come redistribution could have a number 
of effects on total savings, growth, and 
convergence and provides a much more 
interesting problem for analysis. Discus- 
sion of the effects of a redistributive in- 
come tax is therefore deferred until the 
rigid assumption about the integenera- 
tional transfer function is loosened. 


III. Quantitative Results: Introduction 
of an Intergenerational 
Savings Function 


Let us now allow the capital stock to 
change, while still keeping the total popu- 
lation constant, so that we can isolate some 
of the effects of different patterns of in- 
tergenerational savings and transfers. One 
of the most important results of the simu- 
lation exercise is to show that the shape of 
this function has crucial importance on the 
equilibrium income distribution. Before 
turning to the results, however, several 
theoretical questions deserve brief exami- 
nation. 

First we must inquire about the nature 
of the integenerational transfer function. 
Up to now this has been a terra tncognita 
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in tag economic literature: empirical data 
with which to derive such a function are 
unavailable and theorists who insist on 
deducing propositions about consumer be- 
havicr from the neoclassical axioms of 
rational choice have not been able to say 
anytking about the matter. One reasonable 
assumption, which is reflected in numer- 
ous obiter dicta on the subject, is that the 
amount of wealth passed on by a husband 
and wife to their children is primarily a 
function of lifetime family income and it 
is on this basis thet the model is changed 
below. The shape of the function is still 
problematical and experiments are carried 
out with several different formulae. 
Secend, once we introduce changes in 
the net capital stock, a problem arises be- 
cause we must also take into consideration 
the possibility of multiple stable growth 
paths; thus the initial conditions of the 
systern and the way in which the inter- 
generational transfer function are specified 
become quite important. In order to avoid 
such complications, care was exercised in 
designing the intergenerational transfer 
functioa so that only a single stable growth 
path, irdependent of the initial conditions, 
would be achieved. A number of tests were 
also made with different initial conditions 
(different initial capital stocks) in order to 
insure the correctness of the specification. 
A third problem arises in the choice of 
the production function, i.e., the function 
showing the relationship between the 
capital and labor in the system and total 
product:on. All production functions used 
below exhibit diminishing returns to varia- 
tions ic the capital-labor ratio. This 
means, mong other things, that the ratio 
of capital to labor asymptotically ap- 
proaches a limit which represents a 
“steadystate equilibrium” where depre- 
ciation just equals gross savings and net 


§ This problem is analyzed in an abstract but lucid 
manner by Stiglitz. 
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capital formation is zero. Such diminishing 
returns can, however, be offset by tech- 
nological change so that in “steady-state 
growth” production, the capital stock and 
the ratio of capital to labor rise at the 
same rate of growth. In this particular 
case (Harrod-neutral growth), labor pro- 
ductivity (the ratio of output to the con- 
stant labor force) also rises at the same 
rate while capital productivity asymptoti- 
cally approaches a constant. 

One, last precautionary note must be 
added. Although the analysis below focuses 
almost exclusively on income distribution, 
it must be emphasized that the various 
types of intergenerational transfer func- 
tions, production functions, and redistribu- 
tions of wealth and income lead to quite 
different equilibrium levels of production. 
Although there are a number of proposi- 
tions in the economic literature linking the 
inequality of income to the growth rate of 
production (for example, the more un- 
equal the distribution of income, the 
greater the aggregate production), the re- 
sults below show exceptions to such gen- 
eralizations. For those interested in pursu- 
ing the relationship between income dis- 
tribution, the savings function and growth, 
some data on steady-state production 
equilibria are given in Appendix Tables 
2, 4, and 6. 


A. The Impact of Linear and Non-Linear 
Intergenerational Transfer Functions 


Two types of integernerational transfer 
functions are used in the analysis below. 
The first is a simple linear function where 
intergenerational transfers of a particular 
family are a proportion of lifetime income: 
S= Yz where S=intergenerational trans- 
fers; Y = family lifetime income; and z is 
the “savings constant” to be specified. If 
family income is low and inherited wealth 
is great, the intergenerational transfer 
(proportionate to income) might be less 
than the original inherited wealth, i.e., the 
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family has “dipped into capital.” A second 
type of intergenerational transfer function 
has a kink in it and is thus non-linear; such 
transfers are a function of income over and 
above some socially determined “‘sub- 
sistence level,’ below which no inter- 
generational transfers are made (i.e., the 
family doesn’t pass on inherited wealth). 
Since negative intergenerational transfers 
(i.e., debts) are not permitted (although 
dipping into capital is allowed), the kink 
of the savings function occurs at Y. The 
simple form selected for this non-linear 
function is S=(Y—Y)z, S>0. 

A brief digression is necessary tc clear 
up certain ambiguities of this subsistence 
level. First, this is not necessarily the bio- 
logical subsistence level nor does there 
need to be any explicit societal recognition 
that such a subsistance level actually 
exists. Rather, it is merely the income 
level below which families feel they must 
spend all of their funds for consumption 


-in order to try to achieve a certain stan- 


dard of living and as a result, they do not 
have any wealth left over to pass on to 
succeeding generations. If per capita in- 
come in the society rises and the socially 
determined subsistence level remains sta- 
tionary, this subsistence level may even- 
tually become such a small proportion of 
individual family income that the savings 
function is, for all intents and purposes, 
linear, i.e., the performance of the system 
asympototically approaches that of a sys- 
tem with an intergenerational transfer 
function of S= Fz. On the other hand, the 
socially determined subsistence level can 
also rise as society views on an adequate 
standard of living rise. Since this might be 
a reasonable approximation of reality, it is 
useful to tie the subsistence income to the 
rise in per capita income. For simplicity, I 
have set the subsistence income always 
equal to average per capita income which 
means that when a non-linear intergenera- 
tional transfer function is used, only those 
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TABLE 4—GINI COEFFICIENTS OF EQUILIBRIUM Income DISTRISUTION ASSUMING 
DIFFERENT INTERGENERATIONAL TLANSFER FUNCTIONS 


Transfer functions and 


Marriage Rules 


inheritance rules No-Choice Limited-Choice Equal-Choice 
S= Fs 
a= 1.5 . 
Primogeniture . 165 .165 164 
Equal division i .069 067 .060 
2=2.0 
Primogeniture 167 . 169 162 
Equal division .066 .066 .063 
z=2,5 
Primogeniture -165 .170 164 
Equal division .065 .063 062 
S=(Y—-Y)z 
z= 2,0 
Primogeniture .306 301 .300 
Equal division 293 .266 „206 
z=2,5 
Primogeniture .308 .309 . 306 
Equal division .296 260! . 199 


Assumptions: All families have two children; standarc deviation of random element is 
.15; labor share of national income is 75 percent; no inzome or capital redistributions; 


no technical change; no negative transfers. 


Note: S-=intergenerational transfers; V=persone] incomes; VY =average income; 


g-=a constant. 


families with incomes above the average 
pass on wealth to the succeeding genera- 
tion. Finally, it must be noted that the 
socially determined subsistence level can 
rise faster than average income and in this 
strange case with such a strong “‘demon- 
stration effect,” families might dip into 
capital (as long as they did not run into 
debt) until little capital would be left in 
the society as the subsistence level ap- 
proaches the highest family incomes. 
Experiments were also made with a 
third form of the intergenerational transfer 
functions: S=W-+YVz, where W is the 
wealth inherited by the mother and father 
of the family from their parents. This 
function implies that the wealth inherited 
by the children is always greater than the 
wealth inherited by the parents, no matter 


how Icy the family income might be be- 
cause cf the low laber incomes received by 
the parents. Such a situation does not 
seem verv realistic and these experiments 
were abandoned. The results of simula- 
tion experiments using both linear and 
non-lin2ar intergenerational transfer func- 
tions for several different parameters of the 
savings coefficient (z) are presented in 
Table 4 above.” : 

The non-linear transfer function leads, 


10 Tf the capital-output ratio is greater than unity, the 
average s ccefficient must be greater than unity or there 
must be = multiplicative constant in the production 
function i: -he capital stock in the economy is to be 
maintained. In the results reported in Table 4, z is 
placed larger than unity. If a multiplicative constant 
were used ir the production function, z could be made 
less than anity (which, of course, makes more “real 
life” sens2) but the resulzs would be the same. 
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as one might expect, to a much greater in- 
equality of income than the linear func- 
tion; for in the former case, only the richer 
segments of the population pass on wealth 
to their children and this, in turn, concen- 
trates wealth and property income. With 
a simple linear transfer function, the 
height of the savings coefficient (z) does 
not appear to affect the inequality of the 
equilibrium income distribution (the dif- 
ferences do not appear statistically sig- 
nificant) although, of course, a higher z 
leads to a higher steady-state production 
level, On the other hand, a higher savings 
coefficient does seem to affect the degree 
of income inequality when a non-linear 
function is used, although the direction of 
the effect depends upon the particular 
measure of inequality that is chosen and 
the inheritance rule that is followed. 

With the introduction of intergenera- 
tional transfer functions based on income, 
we now have a situation where the mar- 
riage rules have a more important impact 
on the equilibrium income distribution 
than in the previous section where capital 
was passed on regardless of income. With 
primogeniture the effect of the marriage 
rules is small in almost all cases except 
with one nonreported inequality measure. 
On the other hand, with equal division of 
property, especially witha non-linear trans- 
fer function, the inequality of the equilib- 
rium income distribution decreases as 
the marriage rules change toward equal 
choice. 

Generalizing about the relationsips be- 
tween equilibrium income distribution, in- 
heritance rules, and transfer functions is 
more difficult. With a linear intergenera- 
tional transfer function, primogeniture 
leads to a more unequal distribution of 
personal income than other inheritance 
rules. With a non-linear transfer function, 
the results depend upon the measure of in- 
equality chosen since the relationships be- 
tween different parts of the income dis- 
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tribution are differentially affected. Thus 
no generalization is possible. 

To summarize, with a linear transfer 
function where families at all income levels 
pass on wealth to the succeeding genera- 
tion, the primary influence on the equilib- 
rium distribution of income is the inheri- 
tance rules; and marriage rules or the 
height of the savings constant (z) have 
little effect. With a non-linear intergenera- 
tional transfer function, the equilibrium 
income distribution is affected by the 
marriage rules, the inheritance rules, and 
the height of the savings constant. Gen- 
eralizations in these latter cases are difficult 
because theoverall inequality and the shape 
of income distribution curve change simul- 
taneously. 


B. The Impact of Income and 
Capital Redistributions 


A redistribution of: capital in each 
generation not only affects the distribution 
of income but also, in the case of a non- 
linear intergenerational transfer function, 
the growth of the system. (This is because 
the share of income over the subsistence 
level is a smaller ratio of total income 
after a redistribution). The effect on the 
equilibrium distribution of income should 
increase with the severity of the redistribu- 
tion and, one might suspect, would greatly 
affect the equilibrium distribution in the 
case of a non-linear, rather than a linear, 
transfer function. Relevant data are pre- 
sented in Table 5 below which supports 
these conjectures. 

An X percent redistribution of income in 
each generation should have a greater 
impact on the equilibrium distribution of 
income than an X percent redistribution of 
wealth because in the latter case only one 
source of income inequality is being 
changed. This differential impact of an in- 
come redistribution should also be greater 
in the case of a non-linear intergenerational 
savings function because the effect on the 
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TABLE 5—Grnr COEFFICIENTS OF EQUILIBRIUM Income DISTRIBUTION 
WITH DIFFERENT CAPITAL RED{STRIBUTIONS 
Marriage Rules 
Redistribution taxes and 
inheritance rules No-Choice Limited-Choice Equal-Choice 
S=YV2, (2=2.0° 
No redistribution 
Primogeniture .167 . 169 . 162 
Equal division . 066 .066 -063 
30 percent capital redistribution 
Primogeniture 121 . 120 . 123 
Equal division O61 .050 .060 
60 percent capital redistribution 
Primogeniture .086 .081 .087 
Equal division .063 .064 .063 
90 percent capital redistribution 
Primogeniture .065 .064 „064 
Equal division .062 .062 .062 


S=(¥—F)z, (2=2.0; 


No redistribution 


Primogeniture .306 
Equal division 293 
30 percent capital redistribution 
Primogeniture 233 
Equal division 220 
60 percent capital redistribution 
Primogeniture 144 
Equal division 134 
90 percent capital redistribution 
Primogeniture 069 
Equal division .063 


Assumptions: See Table 4 


share of income over the subsistence level 
vis-a-vis the total national income would 
be greater. And finally, the effect of an 
income distribution should increase with 
the extent of the redistribution and (using 
the same arguments employed in the case 
of the capital redistribution) should affect 
the equilibrium distribution more in the 
case of the non-linear than of the linear 
transfer function. These conjectures re- 
celve support in the data presented in 
Tables 5 and 6 although certain ex- 
ceptions do arise, especially when other 
inequality measures are used. Although the 
underlying reasons for these exceptions are 
obscure, part of the difficulty may lie in the 
changing shape of the income distribution 
curve that accompanies the overall 
changes in equilibrium inequality. 


301 300 
266 . 206 
229 226 
. 199 126 
145 . 133 
. 103 . 089 
.070 068 
.062 064. 


` Again, we observe the fact that conver- 

gence to the equilibrium income distribu- 
tion is very much speeded up with the 
imposition of either a redistribution of in- 
come or wealth tax program. Again, con- 
vergence is achieved usually in a few gen- 
erations although the parameters of the 
equilibrium are somewhat different than 
those discussed in Section II. 

Since these income or capital taxes may 
serve as deliberate policy tools by the 
government to achieve particular income 
distribution goals, we must turn briefly to 
the convergence properties of the system. 
In the cese of the linear intergenerational 
transfer functions, the situation is very 
similar to the case where there was no net 
capital formation in each family and con- 
vergence occurs very rapidly, usually in 
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TABLE 6—Grnr COEFFICIENTS OF EQUILIBRIUM INCOME DISTRIBUTION 
WITH DIFFERENT INCOME REDISTRIBUTIONS 








Redistribution taxes and 
inheritance rules 


No redistribution 
Primogeniture 
Equal division 

30 percent income redistribution 
Primogeniture 
Equal division 

60 percent income redistribution 
Primogeniture 
Equal division 

90 percent income redistribution 
Primogeniture 
Equal division 


No-Choice 
(z= 


.167 
.066 


112 
046 


.062 
024 


.015 
006 


Marriage Rules 


S=(¥—YV)z, (=2.0) 


No redistribution 
Primogeniture 
Equal division 

30 percent income redistribution 
Primogeniture 
Equal division 

60 percent income redistribution 
Primogeniture 
Equal division 

90 percent income redistribution 
Primogeniture 
Equal division 


. 306 
293 


.216 
. 202 


124 
118 


031 
.029 


Assumptions: See Table 4 


several generations. In the case of the 
non-linear intergenerational transfer func- 
tion, the system approaches the equilib- 
rium distribution equally rapidly; but in 
the wealth redistributions, the Gini co- 
efficient of income inequality often cycles 
around the equilibrium value several 
times, rather than asymptotically ap- 
proaching it. 

Since the greatest changes in income 
equality brought about by the income or 
wealth redistribution occur in the first 
generation and since differences between 
the actual degree of income inequality and 
the equilibrium value are quite small after 
a few generations, one lesson seems clear: 
other things being equal, redistribution 
taxes appear an efficient method of chang- 
ing the degree of income inequality in a 


Limited-Choice Equal-Choice 
2.0) 
. 169 162 
066 .063 
ALS 112 
044 .043 
.064 .062 
.026 024: 
016 O15 
. 006 „006 
„301 300 
. 266 . 206 
215 212 
.176 . 130 
. 123 121 
105 .064 
„031 .030 
.026 -019 


nation. (One condition in the ceteris 
paribus clause is that such taxes do not 
have adverse effects on productivity.) Al- 
though radicals may be unwilling to wait a 
generation for the major effects to take 
place and prefer instead a revolution to 
accomplish redistribution aims, the de- 
struction of capital and confusion follow- 
ing such events might lead to a sizuation 
where average income would be ccnsider- 
ably lower and income not much more 
equally distributed than if mundane and 
undramatic redistributional taxes had 
been used instead. 


C. The Impact of the Elasticisy 
of Substitution 


Up to now the results are based cn a 
Cobb-Douglas production function which 
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has an elasticity of substitution of unity. 
Since we have growth in the system, this 
assumption may have some impact on the 
results and a series of simulations were run 
using the CES function that has been ex- 
plored by Kenneth Arrow et al.” 

Summarizing the results in a capsule 
form is extremely difficult for a number of 
counteracting factors influenced the re- 
sults: further, the results feature a number 
of small puzzles which are difficult to ex- 
- plain. For those wishing to explore these 
matters further, the results are presented 
in Appendix Tables 3 and 4. 


IV. Quantitative Results: Introduction 
of Certain Dynamic Factors 


A. The Impact of Harrod-Neutral 
Technological Change 


If we introduce technological change 
such that the production arising from a 
given capital and labor stock is multiplied 
by an exponentially growing factor, per 
capita income grows, the capital stock 
grows (because savings increase), and 
eventually the system achieves a steady- 
state growth path. Using a Cobb-Douglas 
production function, factor income shares 
rema:n the same. 

The results of the simulations can be 
easily summarized: the equilibrium income 
distributions do not seem greatly affected 
by the introduction of Harrod-neutral 
technical change. (Indeed, the only notice- 
able effects occur with the non-linear 
transfer function and these are relatively 
small.) Undoubtedly other types of tech- 
nological change would complicate the 
results, but exploration of these matters 
must be left for future research. Results 
of the experiments with Harrod-neutral 
change are presented in Appendix Table 5. 


B. The Impact of Population Change 


If we now add to the analysis population 


11 See Arrow et al. For the derivation of factor shares 
I used the simple formulae derived by R. G. D. Allen. 
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growth which can arise from many differ- 
ent patterns of differential fertility, a large 
nux.ber of cases are open to explore. 
Simplification can be achieved once we 
realize that introduction of population 
cherge has two major effects: it raises the 
absolute value of total production; and it 
allcews different rates of growth of the 
capatal-labor ratio to occur through 
changes in the cenominator of the frac- 
tior, rather than the numerator. Rather 


_ than multiply examples endlessly, it seems 


most useful to examine only several simple 
patterns of fertility in order to show how 
the szstem works. One financial constraint 
on this process of analysis must also be 
mentioned: the greater the number of 
people in the system, the more expensive 
the sirnulation becomes. To obtain the re- 
sults reported in Table 7, I started the 
syster. with only ffty people; introduced a 
10 percent population growth (per gen- 
eration) and ran the system for only 
twenty-five generations. This led to an 
eightfold increase in population and, as a 
result, almost a quadrupling of computer 
cost. (It must-also be noted that in order 
to limit population growth, “poor” and 
“rich” families are defined as the 20 per- 
cent of families on either end of the in- 
come Cistribution, while the “middle class” 
is the remaining 60 percent; this is slightly 
differznt than the income definitions used 
in ca.culating Appendix Table 1 below.) 
Equilbzium gross national products are 
presented in Appendix Table 6. 

The most surprising result appears 
where zhe transfer cunction is linear: here 
differer.tial fertility appears to have rela- 
tively little impact on the equilibrium dis- 
tribut:cn of income, a result which is some- 
what diferent from the situation in Ap- 
pendix Table 1 where no net capital forma- 
tion tekes. place. In the case of the non- 
linear transfer function, on the other 
hand, the expected impact of differential 
fertility can be observed in nonprimo- 
geniture situations, i.e., the equilibrium 
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TABLE 7-~Gint COEFFICIENTS OF EQUILIBRIUM INCOME DISTRIBUTION 
WITH POPULATION CHANGE AND DIFFERENT FERTILITY PATTERNS 





Marriage Rules 


No-Choice Limited-Choice Equal-Choice 
S= Fz, (s=2.0) 
Number of children 
Rich M.C. Poor 
2 2 Z 
Primogeniture .167 .169 .162 
Compromise .066 .066 .063 
Equal division .066 .066 .063 
3 2 2 
Promogeniture 082 178 175 
Compromise .071 .068 071 
Equal division .065 .069 .066 
2 2 3 
Primogeniture . 182 .176 S175 
Compromise .075 .076 073 
Equal division .074 .073 .072 
S=(Y¥—Y)z, (z=2.0) 
2 2 2 
Primogeniture -306 .301 300 
Compromise .293 .266 206 
Equal division 293 266 .206 
3 2 2 
Primogeniture 314 313 .309 
Compromise .273 .253 . 169 
Equal division .230 . 185 127 
2 2 3 
Primogeniture RI .313 „310 
Compromise .309 .296 -194 
Equal division .306 294 .219 
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Assumptions: Standard deviation of random element is .15; Cobb-Douglas production 
function with labor share of national income as 75 percent; no technological change; no 
income or capital redistribution; no negative transfers. 


distribution appears more equal, the 
greater the number of children of the rich 
vis-a-vis other groups in the population. 
It should also be noted that population 
growth gives rise to a somewhat more un- 
equal equilibrium distribution of income 
than with no population growth and it 
seems likely that this effect would be 
greater if population growth were higher. 
This may be tied up with the results that 
with population growth, the equilibrium 
per capita income and the equilibrium 


Á 


capital-labor ratio are somewhat lower 
which, as a result, means that returns per 
unit of capital are higher and returns per 
unit of labor are lower. The exact interac- 
tion of these various factors is, however, 
complex.!? 


12 Some insight can be gained into these matters by 
starting from the well-known formulas for the separation 
of the components of variance; 


Var(¥) =Var(P)+Var(W) +2 Cov(P, W) 
and Var(P)+# Var (b)+? Var(i)+22kCovu, k) 


{over} 
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V. Application of the Model 


Given the assumptions of the model, the 
numerical results obtained in the simula- 
tions cannot be directly applied to avail- 
able data on the distribution of income. 
Certain biases resulting from the assump- 
tions require special attention. 

First, the model assumes that labor in- 
come of an individual is not positively cor- 
related with his parents’ income. Since it 
is generally believed that there is, indeed, 
a positive correlation, this means that the 
results presented above have a bias toward 
equality. In future simulations this fact 
could be built in the model either directly 
(a procedure which would require con- 
siderably more memory capacity of a 
computer than the program used in this 
study) or by using a different type of 
intergenerational savings function in which 
a fraction of the parents’ income would be 
considered human capital transmitted to 
the children. 

Second, the model assumes that labor 
Income and property income are not posi- 
tively correlated. Although data have not 
been published in a useable form empiri- 
cally to investigate such matters, I 
strongly suspect that in the United States 
there is a positive correlation. Certainly 
those occupying important positions to 
which high labor incomes accrue are in a 
better position to invest their money in 


where Y=total personal income; P=property income; 
W =work income, #=return on wealth; &=wealth; 
Var(¥) =variance of Y; Cov(z, k) =covariance between 
i and k; and a bar over a letter indicates an average 
value, In the case discussed in the text, # increases, 
Var(k) remains the same, the #Var(i) factor still re- 
mains zero (since there is no variation in return per unit 
of capital) and the covariance term remains roughly the 
same, Thus the overall variance in property income 
rises and this, in turn, leads to an increase in the vari- 
ance of overall personal income. Certain other puzzling 
phenomena remain, particularly in the data for the 
non-linear savings function; these are due in part to the 
fact that unlike most other simulations in this essay, 
equilibrium was achieved extremely slowly and often by 
the twenty-fifth generation (the cutoff point), this 
equilibrium point had not been reached. 
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investments yielding high returns; further, 
the existence of great wealth often permits 
people to obtain positions yielding high 
laboz incomes. If this correlation between 
lakor and property income is positive, then 
the 2mpirical results obtained with the 
simulation model show a greater income 
equality than actually exists. Repairing 
this fault in the model would not be 
dificult: labor income could be made a 
function of the random variable plus a 
given fraction of wealth. 

Th:rd, for technical reasons labor in- 
comes in the model were bounded by 
limits of .5 and 1.5 of the average income, 
and s:nce capital accumulation is a func- 
tion o: total inccme, certain limits are 
placec on the amount of capital accumula- 
tion that one individual can carry out. 
Since zais does not permit the existence of 
a Henry Ford, a J. Paul Getty, or a John 
D. Reckefeller, who manage to accumu- 
late enormous sums within a single life- 
time. the results of the simulation model 
show z bias toward equality. This might 
be repaired in the model by designating 
one person in each generation who is 
destinec to strike it rich at the expense of 
everyone else (who is “taxed” for this 
purpose}. 

Fourth, the distribution of income is 
calcu_ated from labor and property income 
before family accumulation (or disaccumu- 
lation) cakes place. This procedure omits a 
source making for greater Income in- 
equality, namely the income accruing to 
owners of recently accumulated wealth. 
In the model presented above, this should 
not make very much difference; but in 
more complicated models, this factor must 
be taken into consideration. On a more 
general level, the simulation model is 
based or. the assumption that capital ac- 
cumulation for the entire society occurs 
through the net addition to inherited pro- 
ductive capital by various families in the 
system. An alternative method for achiev- 
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ing economic growth that does not involve 
inheritance occurs when claims on produc- 
tive capital are accumulated through part 
of a person’s lifetime and then are con- 
verted into consumption by the end of the 
person’s life. If generations overlap and if 
the maximum accumulated wealth is 
greater for each succeeding generation, 
then societal capital accumulation could 
occur without any inheritances.”® Although 
such extreme a situation does not seem 
very likely, such a process may be oc- 
curring in part and the equilibrium income 
results of the simulation model would have 
a further bias toward equality. This factor 
could be incorporated into the model, but 
considerably more memory space in the 
computer would be required. 

Fifth, in the simulation model factor in- 
comes are distributed according to the 
marginal productivity theory. This is not, 
however, a crucial aspect of the model 
since by substituting different coefficients 
in the production function one can easily 
change the share of income received for the 
services of labor and capital. Although I 
have not considered any interactions be- 
tween relative factor shares and some of 
the other parameters of the system (on the 
grounds that no convincing evidence of 
such a relationship has been found), such 
an effect could easily be incorporated into 
the simulation. 

Sixth, the model is allowed to run to 
equilibrium which, in many cases, takes 
twenty or so generations. Much more use- 
ful for policy purposes would be examina- 
tion of situations where, starting with the 
current size distribution of income and 
wealth, the model were allowed to run only 
for several generations. The purpose of 
letting equilibrium be achieved is to give 
some general results about the direction of 
change that may be of use to analysts 


33 Such a situation is explored by James Tobin. 
MT would like to thank Steven Resnick for his ideas 
on this theme. 


PRYOR: DISTRIBUTION OF INCOME AND WEALTH 65 


facing many different size distributions of 
income and wealth. 

Seventh and finally, our knowledge 
about the actual parameters of the system 
that would influence the equilibrium size 
distribution of income and wealth is quite 
limited. Most importantly, we have no 
statistical idea about the shape of the inter- 
generational savings function which proves 
such a critical factor in determining the 
final equilibrium positions. We do not 
know the relative importance of more com- 
plicated inheritance arrangements where 
wealth is passed two generations awav 
through particular types of trust arrange- 
ments. Our quantitative notions about 
marriage patterns and inheritance rules 
mav be greater, but such matters still need 
considerable quantitative analysis before 
parameters can be derived for use in the 
model. Except for some imaginative work 
by Robert Summers, little work has been 
done on calculating lifetime size distribu- 
tions of income.'® Thus, even if the simula- 
tion model were more sophisticated, we 
would not have the requisite knowledge of 
the proper parametrs for running the 
model for predictive purposes. 


VI. Some Speculations 


Although the simple simulation model 
has some obvious shortcomings and must 
be viewed as a starting point for more 
sophisticated models, the results obtained 
point toward a number of factors neglected 
by economists interested in the size cis- 
tribution of income. Moreover, the results 
permit several different answers to some 
puzzling questions regarding changes in 
the degree of inequality of the size distribu- 
tion of income over time. 

Among Western non-Marxist econo- 
mists there seems to be some agreement 
that the distributions of income and wealth 


% Lifetime income distributions in the United States 
are estimated by Summers. I would like to thank him 
for sending me a copy of this extremely useful study. 
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of nations become increasingly unequal 
during the early stages of the development 
process but that after the development 
process is well underway, this distribu- 
tional tendency is reversed and the in- 
come distribution becomes increasingly 
more equal. Certain empirical evidence 
supports this proposition. For instance, in 
the United States estimates of the distri- 
bution of wealth show an increasing in- 
equality throughout the ninteenth cen- 
tury, reaching a high point at the turn of 
the century. Since then, however, these 
data show that the inequality of wealth 
holding has declined so that the Gini co- 
efficient of wealth inequality was roughly 
the same in 1962 as in 1860.16 In this 
century the inequality of personal wealth 
holdings appears to have decreased in the 
United Kingdom as well.” Finally, income 
inequality has decreased in a great many 
developed nations in the last 30 to 60 
years and there appears to be an inverse 
relationship in the West between the level 
of development and the Gini coefficient of 
income inequality on both a time-series 
and a cross-section basis.'8 A number of 
theoretical arguments concerning the 
causes of such shifts in the distribution of 
income have been offered? and in this 

16 For relevant data see Lee Soltow, Robert Lamp- 
man, and James Smith. 

7 Date are presented by Lampman, p. 214. 

18 The four most extensive recent international com- 
parisons of the size distribution of income are by Simon 
Kuznets, Irving Kravis, Harold Lydall (who only 
covers labor income), and Richard Weisskoff. 

19 Kuznets (1955) focuses on the shift from rural to 
urban areas as the most important casual factor. (This 
model is investigated more throughly on a theoretical 
level by Henri Theil, and on an empirical level by 
Weisskoff.) Stiglitz bases an explanation for the same 
phenomenon on the relationship in the process of 
economic growth of the starting point to the equilibrium 
production level. R. Albert Berry focuses on unemploy- 
ment and changes in particular market imperfections. 
Others have focused on more politcal factors such as the 
increase of political mobilization accompanying eco- 
nomic development that leads to greater progressive 


redistribution of income and wealth by the government 
after a particular point of development. 


MARCH 1973 


digression I would like to add one addi- 
tionél explanation based on the simulation 
results above. 

In a highly underdeveloped nation the 
major source of wealth is land; inheri- 
tances consist primarily of intergenera- 
tiona! transfers of a fixed amount of land; 
and tie equilibrium distribution of income 
in such a case is described in Section IT. As 
industrialization begins and accumulated 
indus-rial capital becomes an important , 
source of wealth, it seems likely that the 
interzenerational transfer function ap- 
proaches the non-linear form described 
in Section III. This is because the biologi- 


= cal level of subsistence is still a substantial 


proportion of average income and it is 
unlike y that people with relatively low 
incomes could pass on a very significant 
proportion of their lifetime income to their 
heirs. As per capita income rises, this 
biologizal subsistence income becomes an 
increasingly smaller share of average in- 
comes and it seems likely that the income 
level Eelow which no intergenerational 
transfers take place does not rise as fast as 
average income. If so, then the non-linear 
lntergenerational transfer function asymp- 
totically approaches the linear case. 

In sich a situation, three stages in the 
distribution of wealth and income can be 
distinguished: a stagnant stage in which 
the dist-ibution of wealth and income re- 
main relatively constant; the initial stages 
of industrialization in which the distribu- 
tion of wealth and income become Increas- 
ingly mcre unequal (under the impact of a 
non-linear intergenerational savings func- 
tion); anc a later stage of industrialization 
in which the distribution of wealth and 
income become more equal when the inter- 
generaticnal transfer’ function becomes 
more linear. 

Since we know very little about inter- 
generational transfers at any stage of de- 
velopment, this scenario of development 
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must remain speculative; nevertheless, it 
does provide a focus for future empirical 
research. 


VII. Two General Conclusions 


A great many different cases have been 
discussed, and these are but a small frac- 
tion of the possible cases that can be gen- 
erated by the model. Nevertheless, two 
general conclusions can be drawn: 

First, for a general theory of the size 
distribution of income, we must take into 
account the influence of the size distribu- 
tion of wealth; and this means we must bring 
into the analysis a number of important 
social and economic variables such as the 
pattern of intergenerational transfers of 
income and wealth, the rules of inheritance 
in the society, and differential patterns of 
fertility of income classes. It is impossible 
to generalize about long-run changes in the 
size distribution of income and wealth in 
capitalism without specifying many more 
variables than economists have usually 
done. Blanket predictions about increasing 
concentration of income and wealth, for 
example, the orthodox Marxist analysis of 
such problems, implicitly make too many 
vital assumptions to be of much use. 

Second, the simulation model presented 
in this paper provides a starting point for 
such a broader type of analysis of the 
distribution of income and wealth. In order 
to bring the analysis closer to actual situa- 
tions in particular countries, much more 
empirical and theoretical work needs to be 
done. On the theoretical side, we need to 
consider many more complications than 
those presented in this essay; on the 
empirical side we need to have a much 
clearer picture of the critical parameters. 
The model does, however, point to one 
extremely important factor—the shape of 
the intergenerational savings function— 
which has been neglected by previous 
analysts and which I hope to have dem- 
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onstrated is critical in predicting changes 
in the size distribution of income and 


wealth. 
APPENDIX 


Determination of the Speed of Convergence to 
an Equilibrium Income Distribution 


Due to the influence of random factors in 
the inheritance-marriage simulation pro- 
gram, the generated income distribution does 
not completely converge to a singleincome 


‘distribution, but rather to a band of income 


distributions around the equilibrium. A num- 
ber of curve-fitting methods were attempted 
in order to derive the equilibrium distribu- 
tion but these proved unsatisfactory and the 
following alternative method was adopted. 
This is a modification of a method suggested 
by Richard N. Cooper, to whom I would like 
to express my thanks. 

First, an unweighted average and standard 
deviation of the Gini coefficient of income 
equality were calculated for the last five 
generations in the thirty-generation simula- 
tion. The sixth to last Gini coefficient was 
then tested to see if it fell within the .95 
confidence limit of the calculated average. 
If this was the case, then the unweighted 
average and standard deviation were recalcu- 
lated to include this datum and the next 
Gini coefficient was examined in a like man- 
ner. This process was stopped when the 
examined coefficient did not meet the test; 
the number of generations was then deter- 
mined, and average coefficient for the other 
indicators of inequality (for example, the 
standard deviation of the logarithms of in- 
come, the share of income accounted for by 
the top 10 percent, etc.) were recorded. 

Then, with the calculated standard devia- 
tion of the Gini coefficient from the above 
process, I started from the first generation 
to see at what generation the Gini coefficient 
had a significant chance of belonging to the 
calculated equilibrium. When this point was 
reached, the generation number was re- 
corded. The conversion point was considered 
to lie between this point and the earliest 
generation to be included in the calculation 
outlined in the first step. 
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Number of children® 


Rich M.C. 


2 2 
Primogeniture 
Compromise 
Equal division 


3 2 
Primogeniture 
Compromise 
Equal division 


i 2 
Primogeniture 
Compromise 
Equal division 


1 3 
Primogeniture 
Compromise 
Equal division 


3 1 
Primogeniture 
Compromise 
Equal division 
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Such a procedure is based on the assump- 
tion thet the income distribution converges 
by and large within thirty generations. 


ASSUMING DIFFERENTIAL FERTILITY RATES? 


Poor 


2 


No-Choice 


Marriage Rules 


Limited-Choice 


Equal-Choice 


303 
.135 
.130 
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Whether such a convergence occurred at all 
was determined by visual inspection of the 
entire series of calculated Gini coefficients. 


APPENDLX TABLE 1—GrInr COEFFICIENTS OF EQUILIBRIUM INCOME DISTRIBUTIONS 


Assumptions: No net family capital formation; no capital or income redistributions; 


standard deviation of random element is .15; labor share cf national income is 75 percent. 


2 The poor are those 25 percent of families with the lowsst income; the rich are those 25 


percent of families with the highest incomes. 


b If the system starts from a highly unequal distrid1zion of wealth, the equilibrium 


distribution of income is equal to its original value. If the system starts from a relatively 
equal wealth distribution where high ability people wita no property might marry low 
ability with property (since they would be next to each other on the income scale), then 
the equilibrium income distribution would be highly equal. 


c A Gini coefficient of zero represents total equality; a coefficient of unity represents 


total inequality. 
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APPENDIX TABLE 2~—-EQuILIBEIuM Gross NATIONAL Propucts wit CoBB-DOUGLAS PRODUCTION 
FUNCTIONS AND DIFFERENTIAL SAVINGS FUNCTIONS® 


Marriage rules 
No-choize Limited choice Equal choice 
Inheritance rules 
Equal Equal Equal 


Primogeniture division Primogeniture division Primogeniture division 


S= Yz: any income or capital redistribution 


z=1.,5 114 114 114 114 «114 114 

g=2.0 126 126 126 126 126 126 

g=2.§ 136 136 136 136 136 126 
S=(¥—Y)z 

No redistributions 

z= 2,0 79 78 ‘ 79 75 79 71 

g=2,5 85 84 85 79 85 73 


z=2.0, income redistributions of R percent 


R=0.0% 79 78 79 75 79 71 
R=30.0 70 69 70 65 70 57 
R=60.0 58 57 58 55 58 47 
R=90.0 37 36 37 34 37 31 
z=2.0, capital redistributions of R percent 

R=0.0% 79 78 79 75 79 71 
R=30.0 70 70 70 66 70 58 
R=60.0 58 58 58 54 58 52 
R=90.0 47 48 49 48 47 47 


Assumplions: All familes have two children; standard deviation of random element is .15; labor share of national 
income is 75 percent; no negative saving; no technical change. 

Notes: S=personal savings; Y=personal income; Y =average income; =a constant. 

a For the equilibrium GNP using the non-linear saving function, production at the 30th generation was used as the 
equilibrium value. 
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APPENDIX TABLE 3—GinI COEFFICIENTS OF EQUILIBRIUM INCOME DISTRIBUTION 
WITH DIFFERENT PRODUCTION FUNCTIONS 


Marriage Rules 
Production functions, transfer 


and inheritance rules No-Choice Limited-Choice Equal-Choice 
S= Fz, G=2.0) 
CES, s=1.5 
Primogeniture .208 . 208 .200 
Equal division .061 060 .059 
Cobb-Douglas 
Primogeniture .167 . 169 . 162 
Equal division .066 066 .063 
CES, s=0.5 
Primogeniture 102 101 102 
Equal division .079 .076 .O74 
S=(¥Y—-YV)z, (s=2.0) 
CES, s=1.5 
Primogeniture 234 233 237 
Equal division .220 188 , .117 
Cobb-Douglas 
Primogeniture .306 .301 -300 
Equal division .293 .266 .206 
CES, s=0.5 
Primogeniture 404 .402 405 
Equal division .400 377 327 


Assumptions: All familes have two children; standard deviation of random element is 
.15; no technological change; no income or capital redistribution; no negative transfers, 
Notes: S=intergenerational transfers; Y=personal income; F =average income; 
s=constant; L=labor force; K=capital stock; P=total production; b=a constant; 
s=elasticity of substitution. 
Production functions: Cobb-Douglas: P= LK- 
CES: P=[,75L%+.25K>}'4, where 6=(1/s)—1 


APPENDIX TABLE 4-—EQUILIBRIUM Gross NATIONAL PRODUCTS WITH DIFFERENT 
_ PRODUCTION FUNCTIONS? 


Marriage rules 
No-choice Limited-choice Equal-choice 


canal 


Inheritance rules 


Production Equal Equal Equal 
functions Primogeniture division Primogeniture division Primogeniture division 
S=Yz, (¢=2.0) 
CES, s= 1.5 131 131 131 131 131 131 
Cobb-Douglas 126 126 126 126 126 126 
CES, s==0.5 117 117 117 117 117 Lt? 
. S=(¥—YV)z, =2.0) 

CHS, s=1.5 75 74 75 72 75 67 
Cobb-Douglas 79 78 79 75 79 71 
CES, s=0.5 86 85 86 82 86 73 


Assumptions: All families have two children; standard deviation of random element is .15; no negative savings; 
no technical change; no capital or income redistributions. 

Noles: S=personal savings; Y =personal income; Y =average income; za constant; s=elasticity of substitution. 

a See fn. a, Appendix Table 2. 
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APPENDIX TABLE 5—GINI COEFFICIENTS OF EQUILIBEIUM INCOME DISTRIBUTION 
WEE HARROD-NEUTRAL TECHNICAL CHANGE 








Marriage Rules 
Transfer functions and 





inheritance rules No-Choice Limited-Choice Equal-Choice 
S= Yz, (g=2.0) No technical change 
Primogeniture .167 .169 .162 
Equal division .066 .066 .063 
Technical change = 10% per generation 
Primogeniture . 165 . 165 161 
Equal division .069 .067 .060 
Technical change =20% per generation 
Primogeniture . 165 ok 161 
Equal division .069 .067 060 
S=(Y—Y)z, (z=2.0) No technical change 
Primogeniture . 306 301 .300 
Equal division . 293 .266 .206 
Technical change = 10% per generation 
Primogeniture .308 .305 309 
Equal division 300 253 . 190 
Technical change =20% per generation 
Primogeniture 308 305 .309 
Equal division 300 253 191 





Assumptions: All families have twc children; standard deviation of random element is .15; labor share of national 
income is 75 percent; no income or capital redistribution; no negative savings. 
Notes: S=intergenerational transfers; FY = personal income; Y =average income; z=a constant. 


APPENDIX TABLE 6—-EQUILIBRIUM GROSS NATIONAL PRODUCTS WITH DIFFERENT FERTILITY 
RATES AND POPULATION GROWTH" 


Marriage rules 


No-choice Limited-choice Equal-choice 


Inheritance rules 


Fertility Primo- Compro- Equal Primo- Compro- Equal Primo- Compro- Equal 
Patterns geniture mise division geniture mise division geniture mise division 
Number of children - S=Y¥z, (s=2.0) 


Rich M.C. Poor 











3 2 2 535 535 535 535 535 535 535 535 535 

2 2 2 535 535 535 535 535 535 535 535 535 
S=(Y—Y)z, (s=2.0) 

3 2 2 337 314 298 336 309 281 336 271 . 252 

2 2 2 337 335 335 336 331 328 336 282 288 


Assumptions: Standard deviatior of random element is .15; Cobb-Douglas production function with labor share of 
national income is 75 percent; no technological change; no income or capital redistribution; no negative savings; rich 
and poor are top and bottom 20 percent of income distribution, respectively. 

Basic parameters: 50 familes, 25 generation | 

Abbreviations: S= personal savings; Y =personal income; F =average income; z=a constant 

a For the equilibrium GNP production at the 25th generation was used as the equilibrium value. 
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The Production Lag 


By Joun A. CARLSON* 


Ascertaining the nature of the transmis- 
sion and diffusion of economic adjustments 
and of the speed with which they occur 
offers a host of perplexing problems. We 
shall focus here primarily on one such 
problem: finding the production lag or 
period of time from which production is 
begun on an item until it emerges from 
the productive process as a finished good. 
The emphasis will be on the use of ac- 
counting data to determine the length of 
this lag and its relation to other data re- 
ported about manufacturing industries. 

The sequel is as follows. Section I de- 
velops a production-period formula; Sec- 
tion II explores the relationship between 
the production period and whether an in- 
dustry produces primarily to order or to 
stock; Section III adds considerations of 
the average delivery period; Section IV 
investigates a conjecture by Charles Holt 
and Franco Modigliani about variations 
in the production period; Section V, with 
distributed lead estimates, attempts to ob- 
tain more information than the industry 
data appear willing to reveal; and Section 
VI is a summary of the main results. 


I. A Production-Period Formula 


Discrete counterparts to the continuous 
relationships presented here may be found 
in Holt and Modigliani, pp. 35-40. For 
notation, let 


x= the production period 
q(t—u+x)=rate of production of fin- 
ished goods at time f—u+x 
w(t, t—u) = work-in-process at time # of 
* Professor of economics, Purdue University. With- 
out implicating Moses Abramovitz, Gerald Childs, 
Robert A. Meyer, and Victor Zarnowitz in any short- 


comings of this paper, I am grateful to them for their 
comments on an earlier draft. 
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items whose production be- 

gan at time !—4 
m(y)=rate of materials added per 
unit of goods in production 

for a length of time y 

v(y) = rate of value-added per unit 
of goods in production for a 

length of time y 
W,.=total stock of work-in- — 
process at time £ 


The gross value of production of finished 
goods equals total materials used and total: 
value-added. Thus, for one unit of output: 


o f bm) +26)]ay = 1 


We can also write 


w(t, i=) =g uta) f o+) 
9 


(2) 
for0<u< vx; and 


w(l,{—u) =0, otherwise 


The integral can be thought to represent 
the percentage completion after time u in 
production. This percentage multiplied by 
q(t—u+x), the rate of finished production 
that will occur at time t—u+x, gives 
w(t, i—u), the corresponding level of in- 
process stock at time /. Then, integrating 
over all levels of work-in-process yields the 
total stock of work-in-process at time ?: 


w= f w(t, i—u)du 
O a 
= | g(t—u+x) f [m(y)+0(y)]dy du 
o 8 
Work-in-process inventories thus depend 


on future output, the rate at which mate- 
rials and value-added are inserted into the 
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t-utx ttx 
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FIGURE la. ASSUMPTIONS FOR EQUATION 
(5) ILLUSTRATED 


Pee 


t ttx 


Figure 1b, ALL MATERIALS ADDED 
AT BEGINNING 


Psi 


E T 


t tex 


Ficure lc. MARKUP AT END 





t t4x-3-5 tex-s {4x 


Figure 1d. Case witu Two STAGES 
OF PRODUCTION 


FIGURE 1. GRAPHICAL RELATIONSHIPS BETWEEN THE 
Proyectep COMPLETION Dates (FROM t To t+3), 
PRODUCTION PERIOD x, MATERIALS CONSUMED (A), 
VALUE-ADDED IN PropucTION (B), AND TOTAL 
WoRE-IN-PROGRESS INVENTORIES AT TIME t. 


production process, and the production 
period. Data are available on work-in- 
process inventories and on production. If 
we knew or could assume something about 
the rate at which goods-in-process are 
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written up in value, we could infer a value 
fo- the production period x. 

In the empirical estimates below, a 
month will be taken as one unit of time. 
Procuction of finished goods for the month 
ending at time /+1 will be: 


ti 
(4) Pur = f q(2) dz 
t 


Consider a stationary situation in which 
git—u4+) is a constant g. In that case, 
monthly production Piii=g. If we also 
assime that m(y) and v(y) are constants, 
thea from (1), m+v=1/x. Making this 
subsżitution in (3) and assuming produc- 
tior. is constant yields the following when 
(3) is integrated out: Wi=gx/2. Sub- 
stitazing Pı for g and solving for x, we 
hav2 


(5) x% = 2W if Piss 


Equation (5) was anticipated by Moses 
Abramovitz, whose interest in the timing 
of cyclical turning points of inventory 
components led him to this technique for 
estimating the production period.’ 

Fizire ia depicts our assumptions 
graparically. Future production is assumed 
to remain constant at level Payı. The total 
area of the two triangles A and B rep- 
resents W,, total stock of work-in-process 


1 Ths concept of the production period differs in two 
respects from that associzted with the Austrian measure 
of the roundaboutness of a productive process as ex- 
plained oy Bohm-Bawerk, pp. 78-91. First, we take 
fixed capital as given and evaluate the time within 
manufaccuring plants of transforming inputs into 
finishec goods; Bohm-Ba-verk includes in the figure for 
the per-o1 of production the time taken to produce the 
fixed cerital as well. If one were interested and had 
enough information about the productive relationships, 
the Austrian figure could be pieced together from the 
figures obtained by the approach taken here. Second, 
Bohm-Eavwerk takes a mean of the time from various 
labor inpats until final output, whereas we assume a 
steady eccretion of value-added from the beginning of a 
particuler sroductive process and compute the overall 
time from start to finish. Geometrically, our production 
period corresponds to the base of a triangle and his to 
approximeétely half the base (ignoring the time to 
produce fixzd capital), 
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inventories at time ?, and the height of the 
line at ‘—u-+x represents w(i, t—u). The 
area of the triangle A is the total materials 
tied up in work-in-process inventories, 
and B is the corresponding value-added. 

Equation (5) provides a rough first ap- 
proximation for the production period. 
How good an approximation it is depends 
on the relevance of many of the assump- 
tions used. Some considerations suggest 
that x computed from (5) will overstate 
the actual production period and others 
that x will be too low. For example: 

1). If most materials enter at the 
beginning of the productive process, in- 
stead of evenly throughout, then equation 
(5) overstates the production period. The 
extreme case of all materials being added 
at the start of the process is depicted in 
Figure 1b. Remember that W, (the area of 
A and B combined) and Pı are given and 
that x is to be determined. Abramovitz, 
p. 174, has also pointed out this possibility. 

2). If a portion of value-added is a 
markup that enters into the gross value of 
production when the items become finished 
goods but not into the estimates of work- 
in-process inventory, then equation (5) 
underestimates the production period. 
This is depicted in Figure Ic. Again x 
must be adjusted so that area of A and B 
combined is the same as in Figure 1a. 

3). If production is growing along a 
linear trend, then 2W,/P.4: will under- 
estimate x slightly if x is less than 1.5. The 
reverse holds for declining production.? - 


2? This result follows from assuming that production 
changes at a linear rate r per period: 


qli — u + x) = g(t) [1 + r(x — uj] 
Tn that case from (4): 
Pe = g(t)(1 + 7/2) 


and from (3), with the assumption that m(y)+2(y) 
=1/x: 
Wt = g(t) 3x + rx") /6 
Then 
` 2W: Z x3 +- rx) 


Pur  3+3r/2 
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4). There may be “stages” of prozess- 
ing between which work-in-process stocks 
are temporarily stored. In such cases, 
equation (5) will underestimate the pro- 
duction period if most of the processing 
occurs at the later stages.? Other things 
equal, of course, the longer the wart be- 
tween stages, the longer will be the overall 
production period. 

Formula (5), to repeat, is only a rough 
approximation, subject to vagaries of ac- 
counting systems and peculiarities cf dif- 
ferent productive arrangements. However, 
it does give some indication of the order of 
magnitude of the production period in 
varying industries and the numbers pre- 
sented below do have an intuitive plausi- 
bility. Perhaps more experienced observers 
of manufacturing operations can verify or 
cast doubt on this initial impression .4 

Data on work-in-process inventor-es and 
levels of production are available from the 
Bureau of the Census. The Annual survey 
of Manufactures provides year-end stocks 
of inventory by stage of fabrication as 
well as cost of materials consumed and 
value-added in manufacture for two, 
three, and four-digit industries. 

Monthly data on inventories ere also 
available for two-digit industries. Only a 
few of these published series show inven- 


which for positive r is greater than x if x is greater than 
3/2. 

3 To see this for the two-stage case illustrated in 
Figure id, let d=time between stages, s=time to 
complete the first stage and «= total production period. 
Actual processing time is xb. Either by integration 
or by direct computations of areas in the figu~e, we have 


W, = [œ — )/2 + sb/(x — b) Pus 


Rearranging terms 


2W 25 : 
P (+I oa G — b i 

Therefore, 2W:/P:41 is less than x if the frst stage is 
completed in less than half the actual proc2ssing time, 
i.e, if s<(x~b) /2. 

4 T have used accounting data from a bag manufactur- 
ing plant and found that the resulting estimate was 
very close to the production manager’s guess as to the 
length of the production process in the plant. 
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tories by stage of fabrication, but monthly 
Census data have been prepared for all 
two-digit industries from 1953 to 1966 by 
David Belsley, who has generously made 


these data available. For a description of | 


the data see Belsley’s book. 


II. Production Periods and the 
Stock-Order Dichotomy 


In a study of the German leather and 
shoe industries T. Thonstad and D. B. 
Jochems write, “...we may reasonably 
assume that the tanners are more engaged 
in production for stock building than are 
the shoe manufacturers, since their period 
of production is so much longer”’ (p. 143). 
Before considering their implicit hypoth- 
esis about stocks and the production pe- 
riod we shall examine whether or not our 
formula using U.S. data reveals a longer 
production period for tanners than for 
shoe manufacturers. 

Industry 3111, Leather Tanning and 
Finishing, and industry 3141, Footwear, 
Except House Slippers and Rubber Foot- 
wear, should correspond reasonably well 
with the two industries Thonstad and 
Jochems studied. We considered data for 
1964-1966 from the Survey of Manu- 
facturers. For each year average monthly 
production was set equal to the sum of 
cost or materials consumed and value- 
added, adjusted, divided by 12. We added 
the end-of-year work-in-process inven- 
tories for the current and previous years 
and then divided this figure by average 
monthly production to get an estimate of 
the production period. The results in 
months are as follows: 


Industry Industry 
3111 3141 
Tanning Shoes 
1964 1.84 S54 
1965 1.76 53 
1966 1.68 54 


The figures suggest that tanners have a 
production period about three times as 
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long as the one for shoe manufactuers. We 
canrot tell to what extent there is a sea- 
sonality in year-end inventory that might 
distcrt the results. For industry 31 as a 
whole there is no evidence of a notable 
year-end change in W,, but this does not 
tell us much about industries 3111 and 
3141. The estimates, however, are def- 
initely consistent with Thonstad and 
Jochem’s observation that tanners have a 
much longer production period than shoe 
manufacturers.’ 

Is it plausible to expect that the length 
of the production period would be related 
to the extent to which an industry pro- 
duces for stock rather than to order? In 
the quoted passage, Thonstad and Jochems 
seem to imply that the longer the produc- 
tion period, the more there is production 
to stock. The decision about which way to 
organize production is likely to depend on 
the relative costs of holding inventories 
versus costs of backlogging orders. (For 
exampk, see Holt et al. or Carlson and 
T. B. C’Keefe.) In the case of a reasonably 
standardized product like leather, the po- 
tential cost of having unsaleable stock is 
not so great as in an industry such as shoe 
manufacturing where styles may become 
obsolete. Thus, any tendency for tanners 
to produce more to stock than shoe manu- 
facturers may be attributable to such rela- 
tive coszs rather than to the length of the 
product:on period. 

In a world of certainty, the production 
period saould have no relationship to the 
stock-versus-order distinction. Except for 
considerations of efficient batch size or 
production-smoothing, there should be 
neither stocks of finished goods nor un- 
filled orders. Production can be begun 


5 Ruth Mack, for illustrative purposes, suggests a 
two-month period for shoe leather and a one-month 
period for upper leather when constructing a “minimum 
service” stock for tanners, p. 192. Our estimates for the 
tanning industry are clearly of the same order of mag- 
nitude. 
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FIGURE 2. MONTHLY CALCULATIONS OF 2W./Pii, FOR INDUSTRIES 27, 22, and 36. 


sufficiently in advance so that finished 
goods will be ready precisely when de- 
manded. In a world of uncertainty, as 
noted before, whether production is in 
anticipation of demand or in response to 
demand depends to a large extent on rela- 
tive expected costs. If items that have long 
production periods are generally compli- 
cated and built to varying specifications, 
then they will also tend to be produced 
to order. Thus there may be an empirical 
relationship between the production period 
and the relative size of unfilled orders that 
is not intrinsically a result of the length of 
the production time.’ However, if orders 


8 For a recent discussion of reasons for having un- 
filled orders, see Gerald Childs who also summarizes 
some of Abramovitz’ ideas on the subject. 


are backlogged, then the longer the pro- 
duction period, the longer we would expect 
the delivery period to be. 

The production period for two-digit in- 
dustries can be estimated from two differ- 
ent sets of data. With Belsley’s data, not 
seasonally adjusted, the ratio 2W./P.4; in 
each industry has been computed for 
every month from February 1953 to 
August 1966. For illustrative purposes, the 
results for three industries are graphed in 
Figure 2. The arithmetic mean of the 
production period in each industry for 
each full year 1954 to 1965 has also been 
computed. The figures for 1965, with the 
sample standard deviation of the mean in 
parenthesis, are shown in column 2, Table 
1. Alternatively, data from the Survey of 
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TABLE 1—1965 INDUSTRY PRODUCTION PEEIODS AND DELIVERY PERIODS? 
(All entries are measured in months) 


Average 
Production Period x 
(1) (2) 
Industries without unfilled orders 
20 Food .14» ,14ł(.001) 
21 Tobacco „15 ,25 (.007) 
23 Apparel .58 60 (.005) 
28 Chemicals .39  .41 (.002) 
29 Petroleum .45 .47 (.001) 
30 Rubber, Plastics .47  .38 {.003) 
Industries with unfilled orders 
22 Textiles .97 .97 (.006) 
24 Lumber 71 51 (.004) 
25 Furniture 78 89 (.006) 
26 Paper 28 29 (.001) 
27 Printing 46 48 (.001) 
31 Leather 73 66 (.003) 
32 Stone .38  .44 (.002) 
33 Primary Metals 1.07 1.16 (.007) 
34 Fab Metals 1.32 1.47 (.006) 
35 Machinery 2.31 2.36 (.013) 
36 Elect. Mach. 1.85 1.81 (.011) 
37 Trans. Equipment 1.70 1.76 (.018) 
38 Instruments 1.83 2.44 {.011) 


Ratio of Fin- 


ished Stocks Average Delivery d—x 
to Shipments Period d 2 
(3) (4) (5) 
„55 
.30 
.87 
.69 
„64 
-73 
82 1.05 05 
69 65 05 
48 95 03 
42 47 09 
35 .22 — 
63 Bi 08 
90 1.06 31 
52 1.79 32 
61 2.49 51 
78 2.95 30 
.57 3.14 .67 
.19 4.09 1.18 
63 2.18 — 


a Computed from Annual Survey of Manufactures, 1966, Genera. Statistics for Industry Groups and Industries, 


and Value of Manufacturers’ Inventories. 


b Computed from M3 Monthly Survey data by the Bureau of Cemsus, data prepared for David Belsley. Columns 


(3), (4), and (5) from same source. 
¢ See text for method of calculating delivery periods. 


Manufactures yield the estimates shown in 
column 1. The two sets of estimates are 
similar. 

The frst thing to note is that there is no 
strict dichotomy separating the average 
production period of industries with un- 
filled orders from those without. There is 
evident overlapping. 

It is also apparent that on balance, in- 
dustries without unfilled orders do tend to 
have lower production periods. We can 
check this observation by performing a 
median test as described by S. Siegel, pp. 
111-15. An industry is classified according 
to whether or not it has unfilled orders and 
whether its estimated production period is 
above cr below the median for all indus- 
tries. The following array results with the 
figures from column 2 of Table 1: 


Industries Industries 

witaout with 

unfilled unfilled Totals 

orders orders 
Productin period 
equal to or above i 9 10 
median 
Production period 
below median 5 4 9 
Totals 6 13 19 


Fer 1965, industry 23 has the median 
production period. This has been included 
in the up>er part of the array in order to 
get tne greatest probability of finding this 
or a mcre extreme distribution on the as- 
sumpticn that both categories have the 
same median. This probability is slightly 
less tnan .05. Since in every other year, as 
well as with column 1 figures, all six indus- 
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tries without unfilled orders have produc- 
tion periods below the combined median, 
we reject the hypothesis of a common 
median and tentatively claim that indus- 
tries without unfilled orders do tend to 
have shorter production periods. 


III. Delivery Periods and Stock-Versus- 
Order Production 


Consider next the overall reaction time 
within manufacturing industries and how 
the production period influences its length. 
Assume initially that custom, technology, 
and least-cost considerations have deter- 
mined whether an item is produced. to 
order or to stock. The reaction time can 
then be analyzed for each situation sepa- 
rately. 


Production to Order 


When production is to order, the initiat- 
ing signal for a manufacturing firm is a new 
_ order. The length of time from receipt of 
the order until shipment to fill the order is 
called the delivery period or lead time. 

It is convenient for us to divide the 
delivery period d into three phases: waiting 
time, incubation time, and accumulation 
time. These are depicted in Figure 3a. The 
waiting time w, from ż to 4, is the interval 
from receipt of the order until the begin- 
ning of its production. The incubation 
time from #; to # is the production period 
x. Finally, there may be an accumulation 
time c from f: to ¢; in which an order is 
completed. Thus 


(6) d=w+xz+c 


The delivery period undoubtedly de- 
pends on capacity constraints. If capacity 
is fully utilized when an order arrives, then 
the initiation of production must wait. The 
larger the backlog of orders relative to 
capacity, the longer will be the waiting 
time w. The accumulation time c may also 
be affected by capacity constraints. With 
excess capacity, several items for an order 
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FIGURE 3a. PRODUCTION TO ORDER 
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FIGURE 3b. PRODUCTION TO STOCK 


TIGURE 3c. MIXED CASE 


FIGURE 3. GRAPHICAL ILLUSTRATION OF AVERAGE 
FINISHED INVENTORY PER UNIT OF SHIPMENTS. 


to= TIME ORDER IS RECEIVED 

ti: =TIME PRODUCTION IS STARTED : 
te= Tis FINISHED GOODS START TO ACCUMULATE 
ts = TIME PRODUCTION IS COMPLETED ON THE LOT 


may be produced simultaneously while 
with tight capacity the items may be 
worked on sequentially and the accumula- 
tion time strung out. 

The size of each order can also influence 
the accumulation time. If each order is for 
a single item, there will be no accumula- 
tion time. With many items in an order, 
the manufacturer may accumulate the 
entire order before shipment and hence 
hold inventories against backlogged orders. 
Abramovitz, p. 404, has estimated that 
such stocks comprise 15-25 percent ož all 
finished goods in manufacturing industries. 

Suppose finished goods flow out of the 
manufacturing process at a uniform rate 
and that as soon as one batch of items is 
shipped another begins to accumulate. In 
such a case, the average stock of inven- 
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‘tories per unit shipped is: 
(7) H°/S° = ¢/2 = (d — x — w)/2 


where H° denotes finished inventories held 
for unfilled orders and S° shipments to fill 
unfilled orders. This formula is depicted in 
Figure 3a where the height of the triangle 
is one unit. 


Production to Stock 


Wien production is to stock, the initiat- 
ing signal occurs when production begins. 
There is again an incubation period, before 
finished goods are completed, and an ac- 
cumulation period. The waiting period, 
however, comes at the end while the items 
await an order.’ If shipment occurs im- 
mediately upon receipt of an order, the 
average stock of finished inventories per 
unit shipped is 


(8) He/St=w+e/2 = (d — x + w)/2 


where S* denotes shipments from stock and 
H" the corresponding stock. Formula (8) is 
depicted in Figure 3b. The term d denotes 
the delay from initiation of production 
until shipment and is analogous to the 
delivery period but its duration is not so 
readily estimated from available data. 


The Delivery Period 


Victor Zarnowitz, p. 16, has suggested 
that the ratio of unfilled orders to ship- 
ments, in the absence of any better mea- 
sures, may be used as a crude indicator of 
an industry’s average delivery period. 
With available data there is no way of 
knowing what proportion of shipments go 
to fill backlogged orders and what propor- 
tion is out of stock. Zarnowitz’s indicator, 


T As a referee has suggested, there are undoubtedly 
prior considerations, such as desired inventory-to-sales 
ratios, that determine the planned rate of production. 
Variations in the average waiting time would then de- 
pend in part on the ability of decision makers to recog- 
nize the relationship between the planned and the actual 
situation. 
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however, is in a sense independent of these 
proportions. To see this let 


S=total shipments during a period 

Ui=unfilled orcers at the beginning of 
the period 

r= proportion of § that fill backlogged 
orders (r=.5°/S) 


Assuming x and S are reasonably steady, 
then ©'/rS is the. average delivery period 
for items producec to order. The average 
deliv2>y period on the rest of the shipments 
is zero, ignoring response time in filling 
orders from stock. If these two delivery 
periods are averaged by assigning a weight 
r to U/rS and weight of 1—r to 0, the 
averaz2 is evidently U/S. With monthly 
data, this indicator, if greater than one, 
could ke refined a bit more by using ship- 
ments in subsequent months, but for our 
purposes this refinement is not essential. 
Thus, the figures labelled Average Deliv- 
ery Period in Table 1 are obtained by 
dividing the sum of unfilled orders in an 
indust>y from December 1964 to Novem- 
ber 1955 by the total shipments during 
1965. 

Witt sur rough estimates of the produc- 
tion pezicd and the delivery period, we can 
investigete the possibility in industries 
reportiag unfilled orders that all produc- 
tion is tc order. The figures for d and x in 
Table 1 irnmediately rule out such a possi- 
bility for industries 27 and 38, for if all 
production is to order, then d must be at 
least as large as x. To obtain the average 
delivery period just for items produced to 
order, the relevant ratio is U/S®. In indus- 
tries 27 and 38, the proportion of produc- 
tion for stock must be at least 55 and 12 
percent, respectively, if the delivery period 
on items. produced to order is to be no 
shorter than the average production 
period. 

Equaticn (7) can be used to examine 
whether nished stocks in industries with 
unfilled crders could be the result of pro- 
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duction to order or whether they result 
primarily from production to stock. Con- 
sider Figure 3a. We have estimates of d 
and x but not of w and c. Given d and x, the 
smaller is w, the larger is c, and hence, the 
larger is H°/S°. Subject to a qualification 
below, we can put an upper limit on H° by 
assuming that all production is to order 
and that w is zero. In such a case, from 
equation (7), H°/S° becomes (d—<x)/2. 
These figures are shown in column (5) of 
Table 1. 

If (d—x)/2 is viewed as an upper limit 
on the ratio of finished stocks to shipments 
when production is entirely to order, it 
becomes apparent when comparing col- 
umns (3) and (5) of Table 1 that in indus- 
tries 22, 24, 25, 26, and 31 there must be 
a substantial amount of production to 
stock. Similar interpretations hold for 
industries 32-35 although in these indus- 
tries a larger portion of the finished stocks 
could be the result of accumulation of 
goods produced to order. Only in industry 
36 and most notably in 37 does (d—x)/2 
exceed the actual ratio of finished inven- 
tories to shipments. Without more direct 
information, it seems believable from these 
figures that most production in industry 
37 is to order. If so, with a ratio of finished 
stocks to shipments of .19, the implied 
value of waiting time w is 1.97 months and 
of accumulation time c is .36 months. 

Unfortunately, this is about as far as 
this approach can go in separating ship- 
ments into their stock-versus-order com- 
ponents. In each industry, except possibly 
37, there is undoubtedly production to 
stock. However, even if we had a guess as 
to the size of H*, we cannot use equation 
(8) to determine S* without more informa- 
tion about the values of x, c, and w for 
items produced to stock. Such a wide range 
of values is plausible that almost any 
proportion r=5°/S from 0 to 1 could be 
obtained.® 


3 Belsiey, using a different approach, was also unable 
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Belsley for computational convenience 
assumes that H°=0, but stresses in a foot- 
note that this is not to be taken as a be- 
havioral hypothesis, p. 62. We question the 
assumption for industry 37 and it may not 
be a very good approximation for indus- 
tries 32-36. In the remaining industries it 
appears to be readily justifiable. Cclumn 
(5) of Table 1 was intended to give the 
maximum H°/S on the assumption that all 
production was to order. H? may tkus be 
considerably lower than the numbers indi- 
cate. There is, however, another possi- 
bility shown in Figure 3c. Productioa may 
begin prior to receipt of an order and then 
completed to specification after the order 
is received. In this case the delivery period 
would be from t to t; but the accumulation 
period could be much larger than d—x and 
thus H°/S could be larger than (d—x) /2. 
Without more information little else of 
substance can be said on the relevance of 
Belsley’s assumption that H°=0. 

Since the production period is one com- 
ponent of the delivery period, we would 
expect to find a positive association be- 
tween the two. To check this hypothesis, 
the industries with unfilled orders were 
ranked by size of production perioc and by 
size of delivery period. The Kendall rank 
correlation coefficient is .67, which is 
highly unlikely under the null hypothesis 
of no association. The /-statistic is equal 
to 3.9 


IV. Changes in the Production Period 


Holt and Modigliani discuss thzee types 
of productive processes. They ar3: 


to determine how much of the industry agzregates feil 
into each of these two categories even though he did 
finesse the problem ingeniously. He later zommented: 
“Tt is not too surprising, although disappesinting, that 
we are unable to unravel from these few short-run 
parameter estimates enough information to put back 
together what was never there in the first place” 
(p. 146). 

* The computational procedure for obtaining these 
statistics is presented by Federick C. Mills, pp. 312-17. 
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Type A: Production time decreases as rate 
of production is increased 

Type B: Production time is not affected by 
rate of production 

Type C: Production time increases as rate 
of production increases 


They suggest that the “. .. type C form 
of operation is the most general and per- 
haps the most common one” (p. 40). With 
our estimates of the production period, we 
can examine this conjecture, although it 
should be borne in mind that by construc- 
tion, the estimate of the production period 
is likely to fall as production rises since 
production is in the denominator. If the 
reverse holds, we would interpret such a 
result as strong confirmation of Holt and 
Modighiani’s conjecture. 

A cursory inspection of our production 
period over seasonal fluctuations gives a 
strong impression that most industries 
behave in accordance with type A, but 
this may be the result of the manner in 
which the production period is computed. 

An alternative approach is to examine 
the relationship between AP/P andAW/W 
where it is understood that the percentage 
change in W is taken one period earlier 
than the corresponding percentage change 
in P. The following equation then holds 
approx:mately 


Ax AW AP 


9 — [= — — — 

(2) x W P 

where x is the production period as esti- 
mated by equation (5). 


Suppose there is a linear relationship 
between the percentage changes in P and 
W: 


AP AW 
(10) ea a; + bı 





Substituting in (10) for AW/W from (9) 
and solving for Ax/x yields: 
eee ee 


pr bi bi P 


MARCH 1973 


- If in estimating equation (10), we find that 


b, is zreater than 1, then we have evidence 
that x and P move inversely and that pro- 
duction is of type A. 

If @ is less than 1 we cannot immediately 
conclude that prcduction is of type C. It 
may be that the relationship is not suff- 
ciently close to conclude anything. How- 
ever, we can reverse the regression and 
estimate 

i AW 5 AP 
(1 ) wW = a2 + be P 
If b is greater than 1, then we could say 
that production tends to be of type C.’° 

The results of estimating equation (10) 
for each manufacturing industry over the 
period 1953-66 are shown in Table 2. 
There are three industries (22, 35, and 37) 
which given an indication that production 
is of tepe A in that the coefficient bı is 
greater zhan 1. 

With the other regressions none of the 
b: coefħzients was greater than 1. These are 
not repzrted but can be calculated from 
the entries in Table 2 by using the rela- 
tionship 5.= b,s,7/s,? where sı and s are the 
standard deviations of AP/P and AW/W, 
respectively. With the exception of indus- 
tries 20 end 29, the sı and s: figures indicate 
that reported production tends to vary 
relatively more than reported work-in- 
process inventories. Except for the two 
cases noted, b is smaller than b, and in 
those two cases b is not appreciably 
greater than bı. Although there are only 
three industries for which we are prepared 
to rule cut the possib‘lity that production 
is primarily of type C, there is certainly no 
real support for Holt and Modigliani’s con- 
jecture that type C 1s the most common 
form of ozeration.'! As noted above both 


10 Because of the aggregative nature of the data, we 
have not formulated this as a precise problem in 
hypothesis testing but rather as a tentative exploration. 

u There may be a semantic difficulty here. With 
stages of work in process, our measure of the production 
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TABLE 2-—INDUSTRY ESTIMATES OF THE REGRESSION EQUATION 
(AP/P) =a,+6,(AW/W) 


VOL, 63 NO. 1 
Industry t by 
20 C048 i 027 
21 .0410 452 
22 0053 1.275 
23 0100 364 
24 0074 422 
25 0057 692 
26 6091 — 29% 
27 0051 386 
28 0060 139 
29 0034 092 
30 0069 564 
31 0065 363 
32 0036 475 
33 0103 332 
34 0044 317 
35 ~ 0008 1.700 
36 .0084 .405 
37 .0005 1.473 
38 „0040 921 


a Standard deviation of AP/P 
b Standard deviation of AW /W 
© t-statistic for the estimate of bı 


the waiting time and accumulation time 
are likely to increase as production levels 
get closer to capacity; but if anything the 
evidence suggests that individual items get 
completed more rapidly. 

In 18 of the 19 industries, there are 
positive 6 coefficients. In 11 cases, these are 
significantly different from zero at a .95 
confidence level. The column headed 4, 
gives the /-statistics for the b coefficients. 
Thus, production does tend to vary in the 
same direction as work-in-process stocks 
at the end of the previous month. This 
suggests taking a closer look at the rela- 
tionships between W and P. 


period would become shorter if there were less time 
between stages. If by production time, Holt and Modig- 
liani are referring to something like actual processing 
time, x—6 in Figure td, then the aggregate data cannot 
be used to determine what happens. If they mean x, 
the production period as we have developed the concept, 
then there is definitely no evidence of type C operations 
in the two-digit industry data. 


be 54° Sob 
41 .046 055 
92 .382 .061 

i elt .025 
2.32 141 .070 
3:57 „9093 .060 
3.01 , 119 .040 
—1.55 .069 .029 
4.30 .075 ,062 
72 061 025 
1.25 .032 035 
3.43 .080 037 
2.20 094 044 
3.92 .075 047 
87 .143 029 
1.52 .080 030 
4.48 „085 017 
74 113 O16 
4.37 .102 „023 
2.67 .092 .021 


V. An Attempt to Extract Additonal 
Information From the Data 


Formula (3) in Section 1 indicates that 
work-in-process stocks are a distributed- 
lead function of future production. Thus, 
a regression of work-in-process at the end 
of month ¢ (W,) on production ia future 
months (P, Piys,. . . ) might be able to 
pick out roughly the extent to which work- 
in-process is written up as a function of the 
time until completion of production. 

We tried regressions using nonseasonally 
adjusted data with a variety of kad rela- 
tionships.!* The general conclus‘on, with 
these data at the level of two-digit indus- 
tries, is that variations in future produc- 


12 These were run by Robert Meyer, who has devel- 
oped a working computer program to estimate distrib- 
uted leads and lags using frequency domain relation- 
ships. I am indebted to him for overseeing the actual 
computations and for helping to interpret the results. 
The technique requires putting no a prior. restrictions 
on the relationships among the coefficien:s. Fer addi- 
tional information, see the cited papers br Themas F. 
Cargill and Meyer. 
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TABLE 3—DISTRIBUTED LEAD EstixaTtEes oF b AND € IN 
W,=a+bP miter +2 
Using Monthly Two-Digit-Indust-y Data 1953-66 


Industry 5° c*a b 
20 07 004 
21 . 10 .003 
22 52 .030 
23 28 .028 
24 36 074 
25 42 .040 
26 14 — O13 
27 27 064 
28 21 .006 
29 26 O14 
30 24 025 
31 39 .054 
32 .20 027 
33 55 Ol .019 
34 64 05 042 
35 78 35 .092 
36 72 19 — .004 
37 716 26 052 
38 .80 39 .053 


Ratiot c Ratio" R? 
87 — 008 — 1.86 024. 
1.00 „001 51 .006 
3.84 906 atl .069 
(3.55 .027 3.46 .095 
4,28 024 1.37 .091 
4.05 .O10 1.02 .O71 
3.62 — .006 1.75 .058 
4.64 015 il .110 
1.09 O11 1.78 ,023 
78 — O12 — 64 .009 
4,16 .005 74, .083 
5.06 „053 4.90 .130 
4.45 042 6.94 214 
3.13 006 .90 .037 
2.42 .020 1.15 024. 
7.51 .002 19 .195 
— .63 — 042 —-6. 14 .129 
3.32 .013 82 „057 
2.97 — .014 — 79 .069 


a Estimates of b* and c* are predicted coefficients on basis of assumptions used in constructing average production 


period. See equation (5) in text. 
b Ratio of coefficient 6 to its standard error. 
c Ratio of coefficient c to its standard error. 


tion do not explain much of the variations 
of work-in-process. Table 3 presents the 
results when it is assumed that current 
work-in-process is determined by produc- 
tion in the following two months. 

The columns labelled b* and c* were 
prepared as if the assumptions used in 
constructing the production-period for- 
mula «=2W/P all held. That is, if produc- 
tion takes precisely a length of time x and 
work-in-process is written up linearly over 
the entire period, then it is possible to 
predict what values the coefficients will 
take. In industries in which the average 
production period is less than a month, the 
predicted value of b was taken to be aver- 
age work-in-process W over average pro- 
duction P, the averages taken over 163 
monthly observations. When according to 
the formula the average production period 
is more than a month, the ratio W/P was 
allocated to future months by the propor- 


tion of the work-in-process triangle, such 
as in Figure 1a, that falls in each of the 
future months. This accounts for the en- 
tries in the column c* for industries 33-38. 

The regression coefficients b reported in 
Table 3 are all much lower than the coeff- 
cients that would arise if all the assump- 
tions behind the production-period for- 
mula held. All but two of the coefficients 
are positive and thirteen of them are sig- 
nificantly so (i.e., the ratio of the coeff- 
cient to its standard error is greater than 
2). The results for c are more erratic, as 
were the coefficients for other values of P 
in the various distributed-lead regressions 
that were run. 

While there is some association of the 
sort pred:cted, we are left with the impres- 
sion that the regressions have not picked 
up the ‘ull relationship that probably 
exists between work-in-process and future 
productioa. At this poirt we can only offer 
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a number of conjectures as to why. 

{. The accounting records may not 
be kept with sufficient precision. 

2. There are a number of reasons, 
cited by Thomas Stanback, Jr., pp. 95-99, 
why production data will neither be coinci- 
dent with, nor lag behind work-in-process 
by a given amount with any regularity. 
One of the more important possibilities is 
that there may be considerable variation 
in levels of goods in process between stages 
of fabrication. As orders increase, a num- 
ber of semifinished items could be finished 
rapidly so that it is possible to have, in the 
short run, a negative relation between 
goods in process and production of finished 
goods. 

3. There are undoubtedly serious 
problems of aggregation. For one thing, 
firms with very different production times 
are included in the same industry. More 
importantly one manufacturing plant’s 
variations in production and work-in- 
process might offset another's variations in 
ways that in the aggregate could mask or 
distort the link between the series that 
might exist for each plant separately. 

The empirical importance of these ag- 
gregation effects could be determined only 
with reliable data from a variety of manu- 
facturing plants, perhaps from those that 
comprise the sample from which the 
aggregates themselves have been con- 
structed. With access to such data, it 
might be possible to ascertain more about 
the distribution of production periods and 
the appropriate assumptions about the re- 
lationship between work-in-process stocks 
and production in different industries. 
Lacking access, we must arbitrarily as- 
sume the relationship as we did in making 
the rough estimates of the average produc- 
tion periods in each industry. 

We also ran regressions between produc- 
tion and new orders with the intent of 
determining whether or not there were any 
consistent lead or lag relationships. The 
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only consistent pattern, and it was very 
strong, was of coincident movements be- 
tween the two series. There are a number 
of possible explanations. First, the produc- 
tion series is linked by construction to the 
new-orders series. In fact, production 
equals new orders minus changes ir un- 
filled orders plus changes in finished goods 
inventory. Second, the data were not 
seasonally adjusted so that seasonal de- 
mands may be reflected in production 
plans geared to expected new orders tefore 
the orders actually arrive. Third, there 
may be effects of the sort mentioned above 
in which changes in between-stage zoods 
in process may be utilized when necessary 
to have production conform fairly closely 
to new orders. 


VI. Summary and Conclusions 


A very simple formula has been used to 
estimate the production period in manu- 
facturing industries. With these estimates, 
we may conclude: 

1. The average production per.od for 
all two-digit U.S. manufacturing indus- 
tries is less than a quarter of a year and for 
two-thirds of them it is less then cne 
month. While adjustments in rates of 
production are not entirely depencent on 
the length of the production period, the 
order of magnitude of these figures pro- 
vides support for incorporating, in models 
of inventory behavior, parameters to 
represent within-quarter adjustment of 
production rates in response to unantici- 
pated levels of sales. See, for example, 
Albert Hirsch and Michael Lovell, p. 204. 
At lower levels of aggregation there is, of 
course, much greater dispersion Detween 
estimates of industry production periods. 

2. Industries that report no unfilled 
orders and hence are presumed to produce 
solely to stock tend to have lower produc- 
tion periods than industries that have 
some production to order. 

3. Among industries that produce to 
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order there is, as would be expected, a 
strong positive association between the 
length of the production period and the 
length of the delivery period. 

4, Estimates on the production period 
and the delivery period can provide only 
limited and highly imprecise inferences 
about what proportion production to 
stock is of total production in an industry. 
Thev can be used, however, to cast doubt 
on Belsley’s operational assumption that 


all industries carry finished goods only of © 


items produced to stock. In one industry 
the figures suggest that there may be rela- 
tively little production to stock by the 
establishments reporting to the Census 
survey. 

5. There is no evidence in support of 
Holt and Modigliani’s conjecture that 
production time increases as the rate of 
production increases. If anything, the 
evidence suggests just the opposite. 

These tentative results aré of sufficient 
interest, it would seem, to justify further 
exploration with estimates of the produc- 
tion period by means of accounting data, 
particularly if adequate series could be 
utilized at a much more disaggregated 
level than that of two-digit industries. 
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The Not-For-Profit Hospital as a 
Physicians Cooperative. 


By MARK PAULY AND MICHAEL REDISCH* 


The private, nonprofit hospital has 
usually been regarded by economists as an 
organizational anomaly. In particular, it 
has been alleged that the predominance 
of the not-for-profit structure within the 


American hospital system is associated . 


with a weakening of the usual market 
constraints of competition and profit 


orientation. As a result, this critical ele- - 


ment in any analysis of the medical care 
system in the United States has usually 
been modeled with a mixture of anecdote 
and ad hoc assumption. It is typically 
assumed that “all objectives of nonprofit 
organizations can be described in terms of 
some type(s) of output (broadly defined) 
or capital stock.”! William Baumol and 
Howard Bowen describe these goals as 
“bottomless receptables into which limit- 
less funds can be poured” (p. 497). 

Model variation occurs as investigators 
place combinations of key variables in 
either the objective function or the con- 
straint set of the hospital. Joseph New- 
house (1970) and Martin Feldstein (1971) 
studied the implications of the maximiza- 
tion of quantity-quality subject to a 
budget constraint. Millard Long’s model 


* Northwestern University and the Office of Health 
Policy Analysis and Research, Department of Health, 
Education, and Welfare, respectively. Research support 
was provided by the Health Services Research Center of 
Northwestern University and the American Hospital 
Association and the Health Economics Research Center 
of the University of Towa. Portions of this paper were 
presented at the Health Economics Session of Allied 
Social Sciences Meetings, December 1969. Helpful com- 
ments were received from R. Tollison, C. M. Lindsay, 
and James Buchanan. Views expressed are those of the 
authors. 

1 See Paul Ginsburg, p. 42. 
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is one of quantity maximization subject to 
both a budget and a quality const-aint. 
Paul Ginsburg assumed maximization of 
weighted output subject to a budget and 
an availability of capital constraint. Maw 
Lin Lee included types of physical capital 
in the hospital objective function. And 
Melvin Reder talked of hospitals trying to 
maximize ‘‘the weighted number of pa- 
tients treated (per time period), the 
‘weights’ being the professional preszige to 
the doctors attending them” (p. 480). 
This last model is the only one to ‘even) 
hint at a nonpassive role for the physician 
in a model. of hospital behavior.” In this 
paper we propose an alternative model in 
which the physician emerges as a tradi- 
tional income maximizing economic agent 
who is “discovered” in a decision-making 
role within this not-for-profit enterprise. 
Our model is similar to the model of the 
firm customarily used by economists, in 
that it is based on the assumptior of net 
income maximization. Only a somewnat 
unusual definition of net income is needed 
to enable us to apply in our skort-run 
analysis many of the conclusions of the 
orthodox model of the firm. In the lorger 
run, however, our model, while still based 
on net-income maximization, yields dif- 
ferent predictions about the institution’s 
response to changes in demand and supply 
parameters. Furthermore, it may be 
possible to generalize parts of our model 
to other private, nonprofit service firms 
such as universities and sympkony or- 


2 Paul Feldstein and Carl Stevens have discussed the 
role of the physician in the hospital, but have not pro- 
vided an explicit model. 
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chestras, which produce and sell services to 
individual consumers, many of whom are 
not poor. 

Specifically, we assume that the group 
of attending physicians on the hospital’s 
stafi enjoys de facto control of the hospital 
at any point in time. Given this assump- 
tion, we develop a model in which the 
hospital operates in such a way as to 
maximize the net income per member of 
the physician staff. Results are obtained 
which are similar to those derived from 
models of producers’ cooperatives in 
Yugoslavia and collective farms in the 
USSR. The physician plays a role analo- 
gous to that of the Yugoslav worker and 
the Russian peasant. Our results are also 
similar to those obtained from the “‘theory 
of clubs,” developed by James Buchanan 
and others. 


I. The Model 


We simplify the problem initially by 
assuming that patients pay the full 
market price for care, and that the de- 
cision-making group in the hospital is able 
to impose its collective will on individual 
members. The implications of weakening 
these assumptions to allow for customary 
forms of health insurance and for imper- 
fect cooperation among controlling in- 
dividuals will be discussed “in later sec- 
tions. 

The product produced in the hospital is 
hospitalization services. We shall assume 
that this output can be represented by a 
single variable Q. To produce this output, 
physical capital (K), nonphysician labor 
(L), ard physician or medical staff labor 
(M) are used. The production process can 


3 Derivatives of two quite different surrogates for 
hospital output have been used most often by econ- 
omists daing empirical research. One is based on the 
number of inpatient days and outpatient visits at the 
hospital while the other is concerned with the number 
of cases treated in the hospital. The “case treated” 
corresponds most closely with the measure of output 
implied by our model. 
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be summarized by the production func- 
tior: 


(1) Q = F(K, L, M) 


In European countries in which physi- 
cians who treat patients in the hospital 
are 2mployed by and paid by the hospital, 
this three-input production function is the 
obvicus one.‘ But in the United States, the 
hoscital patient is subject to two separate 
billings. The hospital charges him only 
for the use of capital and nonphysician 
labo>. The physician presents a separate 
bill zcr the use of his “personal”? physi- 
cian’s services. This dual billing system 
has led to a conceptually false dichotomy 
in muca of the health economics literature. 
The physician and hospital are often 
viewed as independent economic entities 
sellinz services in functionally segmented 
healta markets. This view appears to 
provide the rationale for the hospital- 
administrator-oriented, output-maximiza- 
tion tazories of hospital behavior discussed 
earlier. 

We propose an alternative view. It 
seems obvious that the patient’s demand 
is primerily for the service produced by 
the physician and hospital acting in com- 
bination, not for the separate components, 
even though there probably is a separate 
demarc. for some attributes, such as 
amenities, or additional patient days for 
recuperating, that the hospital alone 
produces. 

The critical assumption of our model 
is that the physician staff members enjoy 
de facte control of hespital operations and 
see to it that hospitalization services are 
produc2d in such a way as to maximize 
their ret incomes. The appearance of 
physician control is not hard to establish. 
The statf physicians have direct control 
over tte number and types of patients 
admittec and over the types of services 


‘ This vas the form used by M. Feldstein (1967) in 
in his study cf hospitals in the United Kingdom. 
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they receive; they control output. The 
staff physicians can determine, within 
rather broad limits, what use of the hos- 
pital will be made in treating a patient; 
they control many of the production de- 
cisions. They have indirect control over 
many other aspects of the hospital’s opera- 
tion, such as capital investment and the 
level of nursing care, in the sense that no 
administrator can afford to incur the dis- 
pleasure of the medical staff, interfere 
with medical staff prerogatives, or make 
decisions which will deter large numbers of 
physicians from remaining on the hospi- 
tal’s staff or using that hospital for their 
patients. The trustees, who have nominal 
control over the hospital’s operation, 
usually look to the medical staff when 
making decisions on operations or capital 
investment. 

We first assume that the physicians on 
the staff of a hospital at any point in time 
act in such a way as to maximize the sum 
of the money incomes of all staff members. 
Such an assumption implies a process of 
group decision making resulting in a 
kind of perfect cooperation not likely to 
be observed in practice. It also ignores 
nonmonetary components of a physician’s 
income, such as leisure time and prestige, 
which are likely to be of some importance. 
Nevertheless, this model is useful as a 
bench mark from which to consider the 
effects of alternative assumptions. 

We postulate an economic short-run 
period as one in which the number of 
physicians on the hospital staff, M, re- 
mains constant. Each physician is pre- 
sumed to supply a constant, homogeneous 
amount of medical input. 

The patient’s demand is primarily for 
the service produced by the physician and 
hospital acting in combination, not for the 
separate components. This can be for- 
malized by postulating a demand function 
for “hospitalization services” faced by the 
physician staff that takes the form 
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where Py is the combined price paid by 
the patient for the physician and hcspital 
components.’ 

We also assume that the hospital com- 
ponent of Pr is set so as to allow the 
hospital to just break even, with nod gain 
or loss.” That is, we assume that tke hos- 
pital price P, is set to produce the equal- 


ity: 
(3) P,Q = wL + cK 


where P, is the unit price the hospital 
charges for use of nonphysician labor and 
capital, w is the wage rate for noaphysi- 
cian labor, and cis the user cost of capital.’ 


(2) Q ii Q(Pr), 


8 Some empirical justification of this assumption 
may be found in Donald Yett et al, where it was esti- 
mated that the elasticity of demand for hospeal output 
with respect to surgeons’ feesis0.7. 

6 If the market for output is perfectly competitive, 
|80/aPr] will be infinite; otherwise, the individual hos- 
pital demand curve for output will have = negative 
slope. 

7 If the hospital received contributions, it may set a 
target loss equal to the contributions, but this will not 
alter our analysis. Moreover, after the fact tre hospital 
may have a profit or loss, but this is assumed to result 
wholly from stochastic factors. 

8 The interpretation of the user cost of capital c is 
worth comment. When capital is provided through 
borrowed funds, the interpretation is clear; ¢ is equal 
to (r-+d)Px, where r is the interest rate a~ which the 
funds were borrowed, d is the depreciation rate, and Px 
is the price of capital goods. When unrestricted dona- 
tions are used to pay for the marginal uni: of capital, 
the user cost is (r’-+-d)Px, where r’ is the »pportunity 
cost of using contributed funds for hospital physical 
capital, i.e., the rate which could have been earned on 
those funds if they had been invested elsewhere (say, 
in government bonds). When donations are made with 
the restriction that they be used for physical capital 
investment, they will affect the marginal user cost of 
capital only if the hospital receives so much in dona- 
tions that it does not have to turn to any other source 
for funds for capital investment (unless, cf course, the 
conditions for contribution of restricted funds specify a 
certain amount of the hospital’s own funds as matching 
payments). If restricted donations fall short of the 
amount which, given the interest rate 7, the hospital 
wishes to invest so that the hospital borrows, the 
relevant marginal user cost of capital must involve the 
interest and depreciation rates. Except for the case in 
which restricted donations are so large thet the amount 
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The hospital is to be run so as to maxi- 
mize the net incomes of the physicians on 
the staff at any point in time. If the num- 
ber of physicians in the short-run analysis 
is taken as given at M, the problem is to 
maximize PrO—P,Q (which is equal to 
P,Q—wL—cK) subject to the production 
function (1), with the level of M set at M, 
and the demand curve (2). This problem is 
obviously identical to that facing an ortho- 
dox profit-making firm with one input held 
constant. The marginal conditions for opti- 
mal employment of labor and capital are 
the same, namely, that marginal factor 
costs equal their respective marginal reve- 
nue or value products.’ 

It may be useful at this stage to con- 
trast the model of the nonprofit hospital 


of capital that is bought with them exceeds the amount 
which would be indicated by the marginal conditions, 
donations, whether unrestricted or restricted, are really 
equivalent to lump sum subsidies. Only if the hospital’s 
price and output policies affect contributions (and 
within wide margins, they do not seem to) should con- 
tributions be treated as other than lump sum grants. In 
a world o: uncertainty, however, the total of donations 
past and present may affect a lender’s willingness to 
lend, since they provide collateral. Even in this case, 
current donations are likely to be important only if 
they are large relative to total nonborrowed capital. 

® The model implies cost minimization in the sense 
that, given the physician input, quantities of labor and 
capital are chosen which, given their marginal supply 
prices, minimize costs. Cost minimization is also a 
characteristics of output-maximization models. How- 
ever, Normative conclusions that have been derived 
from empirical cost function studies regarding socially 
optimal scale of hospital facilities are considerably 
weakened when it is realized that there is no reason to 
suppose that, in comparisons across hospitals or over 
time, the physician input actually is constant, or even 
variable in a random way. The physician input has been 
left out of cost and production function studies of U.S. 
hospitals. Unless the physician input is specified or is 
known to bea constant ratio to K and L, there is no way 
of knowing the true social costs of all the inputs associ- 
ated with any scale of output, and hence no way of de- 
termining the cost-minimizing scale. Observed decreas- 
ing hospital costs, for instance, may only represent a 
systematic :ncrease in physician input with size. Fur- 
thermore, when we allow imperfect cooperation of the 
physician staff in our model in a later section, we will 
find that minimization of even nonphysician costs in 
the technical sense by the hospital is a very unlikely 
conclusion. 
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just ceveloped with the orthodox model 
of ta2 profit-maximizing firm. In the 
latte? case, all labor inputs and capital 
services financed by debt are paid their 
competitive costs. Nondebt capital then 
obtains the residual income, which is 
usual'y assumed tc consist of payment of 
the oddortunity cost of that capital (nor- 
mal prouts) and economic profit. The only 
difference between this model and the 
physician-pront maximization model of 
the hospital is that in the latter it is the 
physician input, rather than the nondebt 
capital input, which obtains economic 
profits, the residual income. If a profit- 
maximizing firm submitted two bills for 
its services—one just covering the cost of 
labor end debt-financed capital, produced 
in a “nonprofit” firm, and the other from 
a separate legal institution covering the 
services of equity capital, the analogy 
would be complete. 


II. Long-Run Individual 
Hospital Equilibrium 

The number of pkysicians on the staff 
of any adspital obvicusly is not fixed, but 
is variable over time. What determines the 
size of zhe hospital’s staff? The answer to 
this question depends critically on the as- 
sumpticn made abou: the hospital’s staff- 
ing polizy. We shall outline the results of 
three alzernative policies—closed staff, 
open staff, and a policy in which new: 
physicians can be hired by the hospital. 


Closed staff 


Many hospitals in the United States re- 
strict steffing privileges: they do not per- 
mit any physician to join the hospital’s 
staff just secause he wishes to do so, even 
if he is licensed to practice medicine and 
surgery. The decision on whether or not 
to admit a new member to the staff (or 
whether to replace a member who has 
left) is mede by the existing members of 
the hosp tal’s staff of physicians. If we 
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assume that once a physician is admitted 
to the staff, he has privileges identical to 
those of the existing members, the ap- 
propriate maximand for the hospital ap- 
pears to be the maximization of net in- 
come per physician, Yy. Physicians will 
be willing to add members to the staff as 
long as it causes each member’s net in- 
come to rise. 

This implies that the objective function 
to be maximized is 


(4) Yu = (PrO — cK — wl) /M 
subject to the production function (1) and 


the demand curve (2). The necessary first- 
order conditions for an extremum become 
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In long- or short-run equilibrium, the 
physician-hospital conglomerate firm that 
we have postulated will equate the mar- 
ginal supply price of all nonphysician in- 
puts to their respective marginal revenue 
or value products. However, in our model, 
physicians all share equally in the residual 
income of this health enterprise, the shares 
depending on their assumed equal shares 
of a total output. Condition (5c) states 
that physician staff size is determined in 
long-run equilibrium by equating the mar- 
ginal revenue product of physicians to the 
net average revenue product of the phy- 
sician staff. This makes intuitive sense. 
The hospital “pays” for new physicians by 
allowing them a proportionate share of 
total output and, hence, of net revenues. 
Staff physicians will want to welcome 
warmly a new member as long as his con- 
tribution to total revenues of all staff 
physicians is greater than the average 
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current income per physician which he 
receives. 

Of course, condition (5c) cannot be 
satished unless there are physicians will- 
ing to work at the hospital for the earn- 
ings available. That is, the equilibrium 
value of Yy must be at least as large as 


. the income stream available to a physi- 


cian in his next best opportunity. There 
will be a supply curve of physicians to 
any hospital. The shape of this curve wiil 
depend in part on the income a physician 
could get in other hospitals, and his 
valuation of other uses of his time, both 
as leisure and as office practice. 

Figure 1 depicts the long-run equi- 
librium position of a hospital operating in 
an urban, physician-intensive environ- 
ment. The physician supply curve, SS, 
may therefore be assumed to be approxi- 
mately infinitely elastic, and we also as- 
sume that it is at a low level relative to 
income possibilities in this particular 
hospital. Within the hospital, capital and 
nonphysician labor take on short-run 
optimal values as physician staff size, M, ` 
varies along the horizontal axis. ABC thus 
represents the maximum attainable in- 
come per physician for each specific value 
of M. Returns to scale and elastic demand 
lead initially to the upward sloping seg- 
ment of ABC, but eventually decreasing 
returns and diminishing marginal revenue 
cause the curve to turn down. The maxi- 
mum maximorum, VY y"*, of this set of 
short-run maximums is reached at the 
intersection of the marginal revenue 
product and net average revenue product 
curve, when physician staff size reaches 
its long-run equilibrium value of M*. 

This model is very similar to those de- 
veloped by Benjamin Ward (1958, 1970), 
Evsey Domar, Walter Oi and Elizabeth 
Clayton, Jaroslav Vanek, and others who 
explain the economic behavior of the 
Soviet collective farm or the Yugoslav 
producers’ cooperative. The physician 
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plays a role analogous to that of the Rus- 
sian peasant and the Yugoslav worker. 
Institutionally, the arrangements differ 
because the physician receives his “share” 
of the enterprise’s income directly from 
the sale of his output, whereas the worker 
on a collective receives it from a common 
pool. But this is because, in the case of 
the hospital, output can usually be directly 
assigned to particular staff members. 
Our model of the hospital shares cer- 
tain of the seemingly paradoxical con- 
clusions of these cooperative-collective 
models. Supply response to changes in 
product and factor market conditions 
can be in perverse directions. An upward 
shift in the demand curve for hospital 
output could result” in a new equilibrium 
with higher price levels, Jower output, and 
fewer physician staff members to share 
the greater total net revenues of the 
physician-hospital conglomerate enter- 


1 Unambiguous results concerning the direction of 
supply response cannot be determined unless specific 
restrictions are placed on the nature of the demand 
shift and the form of the production function. 


prise. “Members have an incentive to con- 
tract membership to hoard the spoils” of 
a demand increase (see Oi and Clayton, 
p. 43). An increase in a factor price may 
lead to an expansion of operations to help 
spread the misery around among a larger 
group cf individuals. On the other hand, a 
lump sum subsidy, such as a philanthropic 
contribution, will decrease output and 
staff size. “Even when the co-op moves in 
the same direction as a capitalist firm, 
its response is usually more sluggish. For 
market stability, the picture is not par- 
ticularly reassuring” (see Domar, p. 739). 

The reason for this result can be 
sketched out briefly :!! Suppose a hospital 
faces a ziven price for output, and price 
increases by some amount. This will 
produce 2 proportionate increase in the 
margina. revenue product of physicians, 
assuming that K and L are held constant, 
but the income per physician (Fx) will 
increase more than proportionately. The 


n For a more extensive development, see the refer- 
ences cited in the preceding paragraph. 
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maximum average income would be at- 
tained at a smaller value of M. 

The values of K and L will not, of 
course, remain constant. They will increase 
in response to increases in their marginal 
products. But M* will still decline unless 
increases in K and L increase the marginal 
revenue product of physicians and do so by 
a large enough amount to offset the in- 
crease In average income. This need not 
happen; 0 and M* may decrease, or not 
increase much, whereas in a profit-seeking 
firm the use of an input and the amount of 
output would almost certainly increase 
with a rise in the price of output. 


Discriminatory Sharing or Hiring Model 


To consider the consequences of altering 
the “equal sharing” assumption, we sup- 
pose that the hospital depicted in Figure 1 
is allowed to hire physicians at the supply 
price, OS. The hospital will then organize 
production in the same way as would a 
profit-maximizing firm. The physician 
input will be increased until the marginal 
revenue product and the marginal supply 
price of physicians’ services are equal to 
each other. Staff physicians will be able to 
capture, in their own incomes, the excess 
of the marginal products of the infra- 
marginal hired physicians over their sup- 
ply price. Equilibrium will be at Mp. But 
note that there is explicit discrimination in 
returns to homogeneous labor in this situa- 
tion; the ability to sustain a stable equi- 
librium under these circumstances is 
highly suspect. As Pauly has shown, a 
system of clubs in which some identical 
persons receive less than others is not likely 
to be stable. It may well be that the intern- 
ship-residency programs so prevalent in 
the United States may be an institutional- 
ized method of getting around the inherent 
instability in the discriminatory hiring 
model by creating artificial, functionally 
viable distinctions among homogeneous 
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physicians.!? Determination of the ratio of 
“partner” physicians to “hired” physicians 
is likely to be arbitrary. The economic 
well-being of those physicians left witk full 
staff privileges varies inversely with this 
ratio. 


Open Staff Model 


Alternatively, we can retain the “equal 
shares” assumption, and examine the eco- 
nomic behavior of hospitals that do not 
restrict entry to their physician staff. Any 
licensed physician who chooses to do so 
may become a “full partner” in the firm. 
Equilibrium at M, in Figure 1 is character- 
ized by equality of average incom2 per 
member of the physician staff and the 
marginal supply price of physicians ser- 
vices. 

Of course, for a hospital in a rural area 
with few physicians, or in an area where 
many physicians have attractive alterna- 
tives to membership on that hosdital’s 
staff, the situation might be somewhat 
different. Faced with a sharply rising sup- 
ply curve for physicians’ services, 5”.S’ in 
Figure 2, the physician staff will be in 


— equilibrium at Ms» The hospital might as 


well call its policy “open staffing,” since it 
would be willing to add new members in 
order to move up the rising part of rhe net 
average product curve and increase income 
per staff member. Such a “frustrated 
closed staff” hospital only needs tc adopt 
a closed staff policy when the number of 
staff members reaches M*. 

Note that the discriminatory-hir-ng and 
open-staff hospitals, either the “true” 


2 Interns and residents serving in U.S. hospitals 
currently comprise about 15 percent of all MD’s and, 
of course, provide a considerably higher percentage of 
hospital based physicians’ services. In sevecal of the 
cost function studies, there have been at-empts to 
estimate the effect these physician trainees have on 
hospital costs and revenues. Our model would suggest 
that it might prove more fruitful to analyze tue ways in 
which trainees can increase the incomes of tose physi- 
cians with regular staff privileges. 
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open-staff hospital or the frustrated closed- 
staff one, do not exhibit the potentially 
perverse supply responses that were un- 
covered in the closed staff model. Increases 
in demand will lead to increases in physi- 
cian staff and output. 


III. Long-Run Industry Equilibrium 


The closed-staff hospital in the long run 
tries to adjust its physician staff size to 
achieve maximum income per physician. 
But if physicians in a hospital achieve in- 


comes below those of other identical physi- 


cians on the staffs of other hospitals in that 
area or in other areas, the low-income 
physicians may wish to join the staffs of 
high physician-income hospitals. If they 
are prevented from joining the staffs of 
existing hospitals, as would occur if those 
hospitals were large enough so that aver- 
age income was maximized, it will be 
worthwhile for M* of those rejected physi- 
cians to join a new hospital, a duplicate in 
size of the old one. Indeed, the formation 
of new hospitals will continue as long as 
higher incomes can be earned, bidding up 

the supply price of physicians and bidding 


dowr the price of nnal output (and hence 
the curve of average income) until a posi- 
tion of long-run equilibrium is attained at 
which average income, marginal income, 
and xvxarginal supply price are equal to 
each other and equal across hospitals. In 
the open-staff model, long-run equilibrium 
is also reached by the formation of new 
hospitéels, but here ihe new hospitals draw 
off excess members from existing hospitals, 
raising average inccmes since average size. 
shrinks. This process will continue until 
formazion of a new hospital does not raise 
average income. Finally, in the discrimina- 
tory-hiring model, physicians who are paid 
less than staff physicians (i.e., hired) will 
find it advantageous to try to join a hospi- 
tal of their own in which they are all staff 
members and receive incomes equal to 
those cf physicians in existing hospitals. 
Taus these models have identical long- 
run incustry equilibria (when the number 
of firms is variable), but the closed-staff 
modal hes a radically different long-run 
firm equilibrium, and may move in a per- 
verse direction from that of the discrimina- 
tory-hiring firm. The open-staff model, on- 
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the other hand, responds in the same way 
as would the discriminatory-hiring (or 
profit maximizing) hospital, but is likely 
to have a quantitatively different response. 
Although the final industry outcomes 
under these institutional arrangements are 
the same, the adjustment process by which 
that outcome Is reached is very different in 
each case. 


IV. Imperfect Cooperation on 
the Hospital Staff 


In this section we wish to relax the 
assumption of perfect cooperation by the 
hospital’s staff of physicians. The individ- 
ual physician may in fact have direct con- 
trol over the process of producing output. 
He is able to order use of nursing and other 
inputs for his patients, in his character of 
professional expert. At best, “the hospital” 
can determine only a stock of inputs; the 
physician controls the flow of services from 
them. This is in contrast to a producers’ 
cooperative (or even a nonprofit univer- 
sity) in which, presumably, a central man- 
agement is somewhat more able to prevent 


individualistic behavior. Moreover, each 


physician’s income from the hospital- 
connected services depends entirely on his 
own output, in contrast to the producers’ 
cooperative model in which an individual 
worker’s income partly depends on his own 
output but also depends on his share of 
total profits or surplus income. The physi- 
clan shares group income insofar as he 
shares group output. 

We assume, as before, that the hospital 
price is set at a level which permits the 
hospital to break evén. It is now easier to 
see why this assumption is itself a conse- 
quence of the physician profit-maximiza- 
tion hypothesis. Other things being equal, 
hospital profits mean higher hospital 
prices, which reduce physician incomes. To 
be sure, hospital profits could be used for 
capital investment which may enhance 
future physician incomes, but 1) physi- 
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cians may not want to invest in the hospi- 
tal—and 2), as Eirik Furubotn and 
Svetozar Pejovich have noted, the fact 
that property rights are not vested in in- 
vestment from profits makes it even less 
desirable than owned investment. 

Since prices for services are not (yet) set 
at marginal cost,’* and since the physician 
does have the power to direct the applica- 
tion of labor and capital services in pro- 
ducing his output, noncooperative be- 
havior can occur. Suppose the hospital 
follows the policy of charging an all- 
inclusive daily rate. Suppose ordering the 
use of more labor in the production of some 
output will permit the physician to charge 
more jor that unit of output, because the 
“quality” of the output is enhanced. If the 
application of more nonphysician labor 
raises the price P} that can be charged by 
the ith physician but if the same price Py 
is charged for all units of hospital output, 
regardless of whether or not extra labor is - 
ordered, the physician will want to use 
labor for his QO; patients up to the point at 
which the following equality is satisfied: 





(6) 


That is, the individual physician only 
considers a fraction Q0;/Q of the cost of the 
labor he orders to be employed, whereas 
group profit maximization would require 
him to take account of the costs his action 
imposes on other physicians’ patients. 
Consequently, imperfect cooperation leads 


3 Tn fact, it does not appear that hospitals do price 
at marginal cost. They have moved away from the use 
of an all-inclusive daily rate, the same for all patients, 


- toward itemized bills, but they are still far from charg- 


ing marginal cost as a price. And in theory, it is un- 
likely that prices could be set equal to marginal cost. 
Unless marginal cost just equals average cost, marginal 
cost pricing by the hospital of its services would violate 
the no-profit, no-loss constraint assumed above. More- 
over, the use of different prices for different qualities of 
outputs involves transactions and information costs, 
which may be substantial. 
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to the use of too much labor relative to the 
amount that would be used if group in- 
comes were maximized with perfect co- 
operation. 

How great these departures from per- 
fectly cooperative usage will be depends 
upon how well the staff as a group can 
control the actions of its individual mem- 
bers. It seems reasonable to suppose that 
the magnitude of the departure from co- 
operative behavior should get larger as the 
size of the staff gets larger.’4 There are at 
least three reasons for making this assump- 
tion. 1) When the staff size is small, each 
physician bears a larger share of the cost 
of his own actions. 2) When the staff size 
is small, departures from cooperative be- 
havior on the parts of others are more 
noticeable to any single member. 3) When 
the staff size is small, mutually agreeable 
group decisions are more likely to be ar- 
rived at, since the cost of decision making 
is less. 

In terms of the geometric analysis, 
introduction of imperfect cooperation in 
this way shifts the curve of net revenue 
per member down and to the left. The 
conclusion 1s obvious; lack of perfect co- 
operation makes the (second best) optimal 
size of the staff and hospital smaller than 
it would otherwise be. 


V. The Effect of Insurance 


To this point we have assumed that 
patients confronted the full market price 
for care. Insurance coverage of medical 
costs may weaken the applicability of this 
assumption. The hospital is typically paid 
on the basis of costs incurred. If there are 
no copayments or deductibles at all, this 
arrangement effectively eliminates market 
control over the hospital component of the 


1t A similar analysis of the effect of size is provided 
by Mancu- Olson. Other applications to medical care 
can be found in the work of Newhouse (1972) and 
Mather Lindsay. 
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price of hospitalization, since higher hos- 
pita. costs and prices have no effect on the 
cost actually paid by the patient (except 
through the premium, which only matters 
iz the premium rises so high that the person 
drops coverage). Moreover, the allocation 
of costs within the hospital to insured 
patierts, especially Blue Cross members, 
is often done on average cost basis. The 
only restraint on the physician’s prescrib- 
ing the use of hospital capital and labor for 
his fully insured patient is the upward 
pressure his behavior would exert on the 
prices paid by his noninsured patients. 
Conversely, under average cost allocation 
some of the market discipline is lost for the 
noninsured by the transfer of some costs to 
the insured. 

If every patient had full coverage cost- 
based hospital insurance, there would be 
no constraint on the amount of capital and 
labor that physicians combine with their 
services. Capital and labor would therefore 
be employed up to the point at,which the 
marginal contribution of each to the physi- 
cian’s revenue was zero. This produces 
“Cadillac-quality” medicine. The only 
constraint on the use of these inputs would 
be oered by the upper limit on the num- 
ber of things a hospital can do for a patient 
which might have scme justification. Over 
time, technological change might be ex- 
pected to relax even this constraint. 

When insurance covers part of each 
patients’ hospital bill, the factor prices of 
hospital inputs K and JL are effectively 
reduced as far as the group of physicians 
is concerned. One would expect an increase 
in the usage of hospital inputs relative to 
physician inputs for producing a given 
output. Hospital unit costs would rise. 
Thus our model provides an explanation of 
the positive relationship between hospital 
insurance coverege and hospital unit prices 
and costs found by M. Feldstein (1971). 
In addition, our model yields the impor- 
tant resu_t that, ceteris paribus, increased 
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hospitalization insurance should increase 
physician prices and physician incomes. 


VI. Toward a Theory of the 
Not-For-Profit Enterprise 


To this point we have taken the not-for- 
profit nature of the typical American hos- 
pital as given. In this section we offer an 
explanation of why this organizational 
form has arisen. 

There are two ways in which the hos- 
pital might operate if it were on a profit- 
maximizing basis. It might combine the 
services of nonphysician labor and physical 
capital, and sell them to or through the 
physician, who combines them with his 
own input to produce the output of hos- 
pitalization services. Alternatively, the 
hospital might perform the job of com- 
bination itself, hiring the physician input 
and selling the final output. In either case 
the direct control over the use of non- 
physician labor and capital would not be 


held by the physician. In the first case, . 


he would have to use the market for con- 
trol, which is not always efficient in the 
sense of minimizing all costs, including 
transactions costs, as direct control. In the 
second case, he himself would be under the 
_ direction of the supplier of equity capital. 
It is surely possible that there are some 
products which are not produced efficiently 
when a representative of the owners of 
equity capital directs their production, or 
when the market is used to organize the 
production process instead of the use of 
direct controls within a single organization. 
The most efficient method might be for 
the supplier of an important component 
of the labor input to direct the production 
process. 

This would tend to happen when hu- 
man capital is important in the production 
of some output and when the flow of ser- 
vices of that human capital cannot well 
be directed from outside, but is controlled 
by the person in whom the capital is 
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embodied. As Armen Alchian and Havzold 
Demsetz have noted, the wage system 
tends to break down when marginal 
products cannot be monitored closely. 
This may be a reasonable conjecture ir. the 
case of the production of hospital services. 
Many of the decisions the physician has 
to make are decisions which cannot be 
supervised directly, and which have con- 
tingent outcomes. There probably reeds 
to be some incentives for the physician. 
Financial interest in the outcome of his 
actions is one such incentive, and that 
incentive is at its greatest when the 
physician bears the full residual income, 
when the consequences of his actiors are 
not spread over suppliers of physical 
capital.?® . 

The production process requires some 
physical capital. In a labor-managed firm 
in which most of the assets of labor are 
embodied in nontransferable human cap- 
ital, not all of the physical capital can be 
borrowed, since collateral cannot be pro- 
vided. Another necessary condition there- 
fore for the emergence of the not-for- 
profit form would seem to be the willing- 
ness of individuals to contribute for its 
equity capital. In principle, contributions 
could either be voluntary or provided 
through government. Where voluntary 
contributions are sufficient, government 
contributions would not be expected to 
emerge. On the other hand, vo-untary 
contributions may arise in precisely those 
cases in which the government fails to act. 
They may also arise in cases in which the 
government through tax deductibility 


15 To see this, think of each physician as a “firm.” 
The socially most efficient institutional arrangement is 
the one which maximizes the net present value of this 
firm. The present value is a contingency, depending on 
the state of nature (for example, what’s really wrong 
with his patients, whether an epidemic occurs, etc.) and 
the amount of effort that the physician makes. The 
amount of effort, in turn, depends upon tke share of 
profits the physician receives. The approp-iate share 
for the physician, even given the greater risx he bears, 
may be approximately equal to one. 
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subsidizes private contributions. The 
source of contributions, whether unsub- 
sidized voluntary, subsidized voluntary, 
or governmental, is not critical to the 
argument, except to the extent that one 


form (for example, government) implies | 


more external control over physicians’ ac- 
tions than another. 

These contributions could be motivated 
by a desire on the part of contributors to 
make output available to themselves or to 
those whom they would like to see con- 
sume it. That is, the motivation could 
either be based on the potential receipt of 
private benefits or of external benefits. 
Contributions are a logical way for po- 
tential purchasers of the outputs of labor- 
managed firms to make possible produc- 
tion of the output, which they or those 
about whom they are concerned will use. 
If there are barriers to entry by profit- 
seeking firms (as there are in higher educa- 
tion and, to some extent, in the hospital 
industry as well), potential consumers 
may be willing to contribute if that is the 
only way that output, which yields them 
consumers’ surplus, can be made available. 
It is not surprising that private not-for- 
profit firms which sell output—hospitals, 
universities, symphony orchestras—tend 
to provide output which is used not by the 
poor, but partly by the contributors them- 
selves.! 


VII. Conclusion 


_ The main thrust of the model we have 
suggested here, and the one which dif- 
ferentiates it from models of the not-for- 
profit hospital that have been suggested 


6 This last point is an important consideration. It is 
sometimes alleged that these firms have attained a 
nonprofit status so that they may better provide ser- 
vices to the poor. However, the recent experience in this 
country is for the poor to receive health services from 
government operated hospitals, to receive education in 
government operated institutions, and not to partake at 
all of the output of symphony orchestras, theatre 
groups, or private universities. 
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by others, is the use of the maximization 
of physicians’ income as the characteristic 
fur.ction. The pctential absence of perfect 
cocperation distinguishes it from similar 
models of producers’ cooperatives. In a 
methodological sense, our model seems to 
be more attractive than those which 
simply assume that the not-for-profit or- 
ganization maximizes a variable such as 
“quantity of output,” because it explains 
what the organization does in terms of the 
economic motivation of those who con- 
trol it. 

More importartly, it appears to pro- 
vide an appealing explanation of some 
pecular characteristics of not-for-profit 
hospizals. The supposed quality con- 
sciousness of such hospitals, for example, 
is easily explained; “quality” is a synonym 
for application of nonphysician labor and 
capital in  physician-income-enhancing 
ways, and noncooperative behavior could 
easily lead to “too high” quality. “Du- 
plication of facilities’ probably owes its 
existence to closed staffing and lack of 
perfect cooperatior.. Other aspects of hos- 
pital Eehavior could also be explained by 
considering their efect on physicians’ in- 
come; the pattern of investment, for ex- 
ample, might be best explained by changes 
in the ability of capital to enhance phy- 
sicians’ incomes. The inelastic supply re- 
sponse of hospitals to Medicare and 
Medicaid is also consistent with our model. 

Even the average size of hospitals, 
which seems, by mest accounts, to be be- 
low the optimal or cost-minimizing level, 
can easily be explained. In the first place, 
empirically observed cost curves may be 
mislead:ng, if we add the physician. input. 
But more importantly, in a period of rising . 
prices our model shows that hospitals will 
tend to be small, and for two reasons. 
First, smallness tends to permit maximiza- 
tion of ret income per physician. Second, 
smallness is necessary to permit coordina- 
tion of the medical staff. 
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A narrower range of possible observa- 
tions is consistent with our model than 
with the general utility-maximization 
model. Appropriate choice of the variables 
to enter the utility function can make al- 
most any observed behavior consistent 
with utility maximization. In particular, 
the definition of quality is not clear. Our 
model specifies the variable in the objec- 
tive function. In principle it will also pre- 
dict quantitative as well as qualitative 
responses, in the sense that physician in- 


come can be measured while utility can- . 


not. Unfortunately, at present hospital- 
specific data on physicians’ incomes or 
prices do not exist which would permit us 
to provide a conclusive test of the model. 
Nevertheless, we hope that more data can 
be made available to test this model. 
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Capital, Distribution, and the Aggregate 
Production Function 


By Donatp J. Earris* 


Recent results in capital theory concern- 
ing the reswitching of techniques of pro- 


duction have shaken the foundations of a 


neoclassical parable according to which the 
total quantity of output per man is sup- 
posed to be a function of the total quantity 
of capital per man—the Surrogate Pro- 
duction Function—which can be used to 
“predict all behavior” in the sense of the 
wage and profit rates that would prevail 
in different long-run equilibria or steady 
states.' The source of the difficulty, it 
would appear, lies in the fact that the 
neoclassical parable attempts, as it were, 
to kill two birds with one stone, namely 
1) to provide a general representation (or 
“surrogate’) of realistic technologies in- 
volving production with heterogeneous 
commodities, and 2) to link the determina- 
tion of the distribution of income directly 
to the technology itself and to the relative 
size of “factor endowments.” It turns out 
that, in general, not only are realistic 
technologies not representable by such a 
function but also there is no one-to-one 
correspondence between techniques of 
production, the quantity of capital per 
man, and the distribution of income. 
These results have thus opened the way 
to a critique of the marginal-productivity 


* Associate professor of economics, University of 
Wisconsin, Madison. I have benefitted from discussions 
with Joan Robinson, Krishna Bharadwaj, Luigi 
Pasinetti, and John Eatwell and from correspondence 
with Luigi Spaventa. 

1 The concept of the Surrogate Production Function 
‘is due to Paul Samuelson (1962). The reswitching re- 
sults are discussed in the ‘Symposium on Paradoxes in 
Capital Theory.” For a review of the issues and the cor:- 
troversy surrounding them, see G. C. Harcourt, Robin- 
son (1970). 
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theory of distribution in terms of its logical 
foundations (see P Garegnani). At the 
same time, they enable a return to certain 
classical conceptions concerning deter- 
miretion of income distribution in a 
capitalist economy (see A. Bhaduri (1969), 
Joaa Robinson (1971), ch. 3). 

Trke central proposition which is called 
intc question by the recent results is that 
concerning the existence of a monotone- 
decreasing relation between the quantity 
of aggregate capita] per man (the capital- 
labor ratio) and tae rate of profit.” It has 
been shown that, in general, there exists 
no such relation: the relation between 
capital per man and the profit rate may be 
of any form. However, discussions con- 
cerning this relaticn have been unclear as 
to the exact features which account for its 
shape. Reswitching of techniques no 
doub: enters into it. But, even in the 
abserce of reswitching of techniques, there 
may nct be a one-to-one correspondence 


2 Thi: relation is derived from the production func- 
tion through the requirement that the equilibrium rate 
of profic is equal to the marginal product of capital 
which is ir. turn a unique inverse function of the cap- 
ital-labcr ratio. On this, see the Appendix. Recognizing 
that there are “major troubles” with the neoclassical 
production function, J. R. Hicks, ch. 24, has proposed 
as an alternative a “sophisticated production function.” 
He clairs for this alternative that: “We can draw out a 
curve tha: expresses values of [capital per man] that 
are cons.stent with equilibrium for different [rates of 
profit |; izis highly probable that it will be a downward- 
sloping carve” (p. 298). The arguments considered here 
apply als> to this conception. Another basic proposition 
of the neoclassical parable which is called into question 
by the recent results concerns the relation between 
consumpdion per man and the profit (interest) rate. 
Considers tion of this is omitted here but the argument 
is easily extended to that relation. 
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between capital per man and the rate of 
profit.* Certain other features are relevant, 
some of which have customarily been dis- 
cussed in terms of the category of ‘Wick- 
sell Effects” (see Bhaduri (1966), Har- 
court, pp. 397-400). 

For the purpose of isolating these fea- 
tures, this paper seeks to identify more 
closely the various elements underlying 
the relationship between value of capital 
and rate of profit. The setting of the prob- 
lem is in the comparison of different 
steady states which may be stationary or 
growing. There is no implication here of a 
process of change from one equilibrium to 
another. Different equilibria are to be re- 
garded asif they were different planets with 
no connection between them. A clear dis- 
tinction is maintained throughout between 
physical or technological relations and 
price relations. It is then possible to sep- 
arate the differences involved as between 
one equilibrium and another into three 
categories: a price effect, a compostiton ef- 
feci, and a substitution effect. From this 
analysis, the proposition that the rate of 
profit is equal to the “marginal product of 
capital” also emerges in a new light. 


I. Production, Prices, and Growth 


It is helpful to carry out the analysis in 
the context of the familiar two-sector 
model of capital and consumption goods 
production. Technology is specified in 


3 An example of this was given by Pasinetti in his 
contribution to the “Symposium,” p. 516. See also 
Spaventa (1968, p. 33). 

4 For a similar usage of the terminology of price and 
composition effects, see Spaventa (1968). A slightly 
different concept of “substitution-composition effects” 
is developed by Murray Brown. 

5 This model has the advantage that it is the simplest 
which captures a characteristic feature of realistic 
technologies, that is, production o7 heterogeneous com- 
modities by means of commodities and labor. Its main 
limitation is that it does not allow for the existence of 
joint production in the use of fixed capital and for dif- 
ferent time-patterns of production. Comparative equi- 
librium analysis in the context of this model has been 
treated by Hicks, Spaventa (1968, 1970), Garegnani, 
but with a rather different emphasis. 
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terms of a book of blueprints containing 
a list of the available techniques waich 
may be finite or infinite in number. For 


` any given technique, say a, the equilibrium 


price equations in terms of the constmp- 
tion good as numeraire are: 


(1) p = byw + np. + r) (capital good) 


(2) 1 = bow + mp + 7) 


(consumption good) 


where 

p= price of capital good 

w= real wage rate 

r=rate of profit 

ô= rate of depreciation of capital good 
bı, b.== labor coefficients 
v, v= capital coefficients 

b ; 

pes ratio of capital-labor 

coefficients. 


These yield equations for the wage-profit 
curve of the individual technique aad the 
price of the capital-good which are, re- 
spectively, 





ni(r* —r 
(3) aa a-n 
bok(r) 
(r) = u — nlu — 1)\7* —-) > 0 
1 — 046 
0Oswsx = ———— 
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d d’ 
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Similar conditions hold for techniques £, 
y,...@, allowing for differences in their 


respective production coefficients 

There are as many wage-profit curves as 
there are alternative techniques 11 a given 
book of blueprints. Given any arbitrary 
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wage rate (profit rate), producers choose 
that technique which yields the highest 
profit rate (wage rate) or the wage-profit 
curve furthest out. The wage-profit curves 
corresponding to those techniques which 
are most profitable at some rate of profit 
‘generate an outer envelope or wage-profit 
frontier, curves that are dominated at 
every profit rate being discarded. With a 
finite number of discrete techniques, the 
frontier is made up of segments of the 
contributing curves and therefore has 
corners. Each corner corresponds to a 
switch-point between two intersecting tech- 
niques. With an infinite number of tech- 
niques the frontier is a smooth curve tan- 
gent at each point to one wage-profit 
curve. There may be reswitching of tech- 
niques such that a single curve contributes 
more than one segment or point to the 
frontier. In general, the frontier is nega- 
tively sloped and may have any curvature 
depending on the structure of the under- 
lying technology. Because of the possibil- 
ity of reswitching of techniques among 
those represented on the frontier, it is not 
possible in general to order techniques 
uniquely by the rate of profit.® 

Add now the relations governing the 
levels of output (X1, X2), employment of 
labor (ZL), the stock of the capital good 
(M), the warranted growth-rate (g), and 
saving behavior. Saving behavior is repre- 


€ All of this is by now familiar, but bears repeating 
for the reason that it is basic to what follows. It may be 
noted also that everything said in this paragraph could 


as well be said about any technology in which com- | 


modities are produced by commodities and labor (com- 
pare Sraffa). The exception is that, with joint produc- 
tion (Sraffa) and with different time patterns of pro- 
duction (D. M. Nuti), the frontier may have both nega- 
tive and pasitive slope. Otherwise, the simplifications 
introduced here are merely a matter of convenience. The 
wage-profit frontier is sometimes called a “Factor-Price 
Frontier” (see Samuelson (1962)). The present termi- 
nology is preferable because it does not presume a con- 
ception of profit as the price or reward of a factor of 
production. It is precisely this conception which is 
called into question by the results discussed here. 
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seated by constant saving proportions s- 
ani sw, respectively, for profits and wages, 
where OSs,<s,S1. As an alternative 
specification we consider the case of Sy 
=s,=5, Accordingly, we have, for a given 
tecarique, 


(5) M = nX + Xe 
(6) LE = bX + by Xe 
(7) Xı = (g + ôM 

(8) peM = s.rpM + s,wL 


The model remains open with respect 
to one of the variables. To close it requires 
additional information which could be 
supplied by any of a number of possible 
theories. Without going into this, we 
focus instead on the characteristics of 
possible growth equilibria and on com- 
parisors of such equilibria. Analysis of 
these properties provides us with the rela- 
tions with which any relevant theory must 
be consistent.’ As a basis for this analysis 
we obtain from the above system the 
followirg equilibrium relations: 


gee e n 
L  ba[u—nu—1)(g—g)] 
TE M 
L  b[u—ou—1 g g)] 
M v/b 
W: bap Se 
ON) R=? Tipo Dero] 
ay g ETIE 


em (1 —Sio) F SwE(7) 


T This analysis is meanirgful so long as the missing 
equation determines one of the variables in terms of 
exogenou: parameters. A common formulation which 
fulfills this condition is the requirement that the system 
be on a steady-state path where the warranted growth 
rate is equal to the exogenous growth rate of labor. But 
there are others which would do just as well, for in- 
stance the Ricardian assumption of a wage rate equal to 
“subsistenze,” the Marxian assumption of a given rate 
of exploitetion or Robinson’s assumption of a rate of 
accumulat on determined by “animal spirits.” 
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where 
1 


OS¢gs8 gf =—-i 
Uy 
The accounting identities for net output 
per man (y) are 


(13) y=wtrk =c gk 


II. Comparative Equilibrium Analysis: 
One Technique 

In comparing different equilibria, spe- 
cial interest attaches to the relation be- 
tween the rate of profit (r) and the value 
of capital per man (k). Assume, for sim- 
plicity, that there is only one technique 
which remains the same at every profit 
rate in the feasible range. 

For the relation between & and y we 
have, by differentiation of (11), 
ius dk _ M dp (M/L) dg 

dr Ldr dg dr 

It can be seen that there are two dis- 
tinguishable components of the difference 
in & between different equilibria. The first 
is simply a difference in the price of the 
capital good associated with the difference 
in the profit rate. Call this a price effect. 
It is positive when the capital-labor co- 
efficient is greater in the capital good 
sector and negative in the opposite case. 
When the capital-labor coefficient is the 
same in both sectors, the price effect is 
zero.*® In this case, the classical labor- 
theory of value holds in its simplest form: 
price corresponds to labor value.’ 


§ The reason for all this seems obvious when It is real- 
ized that there are two elements ir. cost: the wage rate 
and the profit rate, which vary in opposite directions. 
With a higher rate of profit (lower wage rate) costs rise 
more (fall less) in the sector which uses a higher propor- 
tion of the capital-good input to labor input. The rela- 
tive price rises to reflect the difference in relative costs. 
If both sectors have equal capital-labor coefficients, the 
rise in one element of relative costs just offsets the fall 
in the other and consequently the relative price is un- 
affected. 

? Setting a = 1 in (4) leads to p=61/be. 
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TABLE 1-—-COMPARISON OF EQUILIBRIA: SIGN OF ax/adr 


x V<Sy<Sp O= Sws, Sw = Sp =S 
>l 

$ — PESA — 

g + ae - 

MIL — — — 

k = = = 
pol 

p + + + 

g ? e a 

M/L ? -+ — 

k P + ? 


The second component involves a more 
complex set of relations. With given sav- 
ing proportions, when the profit rate is 
different the growth rate is likely to te 
different. This follows from the growth- 
profit relation (12) which represents the 
equilibrium condition for saving and in- 
vestment. In addition, when the two 
commodities are produced by different 
methods (u1), a difference in the growth 
rate calls for a different stock of the capital 
good to produce the different composition 
of output which the difference in the 
growth rate entails (see equation (10)). 
Call this set of relations a composition 
effect. 

The overall difference in the value of 
capital per man is the outcome cf both 
the price and composition effects. The sign 
can be determined from the equations of 
the system.!° These are shown in Table 1 
for various cases. A question mark in- 


10 For the composition effect we have, from equations 
(10) and (12): 
se si 
GM/L) o omwei > Oifu st: 
dg balu ~ vilu — 1)(g* — g) PF < > 
dg 7 ul (sr — Sulju + Soll — Se) — 1)uir*] 
dr | [C1 — Suu + Suct(r) |? 
= Oifu & p* 
< < 





where 


w r— 1)v ? 
r R Suls jor z 


Sulsr — Lju — (Sr — Su) 
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dicates that the sign is ambiguous. This 
is because the price and composition effects 
are of opposite sign (when w<1, Sy==5,=5) 
or because the composition effect itself is 
ambiguous (when u<1, 0<s,<s,). 


Ill. Many Techniques: The Discrete Case 


When there is a finite number of tech- 
niques, the analysis in the previous section 
holds for each technique within the range 
of profit rates corresponding to the seg- 
ment of its wage-profit curve included in 
the frontier. The additional feature which 
now concerns us relates to the comparison 
of equilibrium positions between which 
the technique of production is different. 

We may call the difference in technique 
associated with a difference in the profit 
rate between two equilibria a substitution 
effect. The presence of the substitution 
effect means that the composition and 
price effects are no longer as sharply dis- 
tinguishable as in the single-technique 
case. This is because the capital good may 
be different when the technique of produc- 
tion is different.’ No quantitative expres- 
sion in technical units of the capital good 
can then be given to the difference in the 
physical stock of each capital good asso- 
ciated with different equilibria. Neither 
can any meaningful comparison be made 
of the price of each capital good when 
they are different goods.’* Instead, com- 
parison has to be made of the value of 
capital expressed in terms of the numeraire 
commodity common to the different tech- 


1 Heterogeneity of capital goods must here be under- 
stood as a difference in their technical methods of pro- 


duction. This would be represented by a difference in the. 


ratio of input proportions (u) from one technique to 
another. Mere physical difference would imply as well a 
difference in units of measurement, It would be possible 
to conceive of a technology in which the capital good is 
the same for different techniques but we need not limit 
ourselves to such a special case. 

2 This particular limitation would not arise in a pro- 
duction system where each technique has many capital 
goods, for different techniques are then likely to have 
one or more capital goods in common. 
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FIGURE Í 


niques.’® This difference in value incorpo- 
rates all three effects. 

In zomparing the various equilibria that 
are possible within the given conditions 
of technology and saving behavior, the 
same technique might be found in two 
differen: ranges of the profit rate. This 
reflects the existence of reswitching. The 
values of capital and net output per man 
for that technique in one range of the 
profit rete may be uniformly higher or 
lower than in the other range. These values 
may even be the same.'4 The result de- 
pends on the particular pattern of price 
and composition effects for that technique. 
There is, in this sense, no necessary inverse 
relation or one-to-one correspondence be- 
tween ‘capital intensity” and the rate of 
profit. 

But -t is equally clear that there may 
exist no such correspondence even in the 
absence of reswitching. Some examples of 


13 The consumption good is here taken as numeraire, 
but we could just as well have taken units of labor. 

44 For exarmple, take the case of a technique with a 
straight-line wage-profit curve (u=1) which is tangent 
to the frorctier over two discrete segments. For any two 
points, eaca cn a different segment, both price and com- 
position efects are zero so that the value of capital 1s 
the same. 
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FIGURE 2 


this are shown in Figures 1 and 2." In 
Figure 1, assume a stationary state (g= 0) 
so that y=w*. At mn, k= (ye— we) /r 
= tan 6. At re, ko = (yf — we?) /ra= tan p. By 
construction, tan @==tan p. Therefore k* 
= kê. In Figure 2, assume saving behavior 
corresponding to the growth-profit relation 
shown in quadrant II. We know from the 
identities (13) that the value of capital 
per man satisfies k=(c—w)/(r—gi. At 
Ti, k= (x7 ~ wY) /(ri— gi). At Ys, kot 
= (Co*— we) /(r2— g). By construction, k,” 
= kat. 

Two techniques may coexist, as at a 
switch-point. The associated equilibrium 
values can be identified for each technique 

18 The construction involved in Figure 1 is adapted 


from Garegnani and that in Figure 2 from Spaventa 
(1970). 


2 


separately using the common profit and 
wage rates. It will be found that the dif- 
ference in the value of output per man be- 
tween them will be just sufficient to yield 
profit at the given rate on the difference in 
the value of capital per man. This can be 
shown algebraically. By the income- 
accounting identity we have, for the two 
techniques, say a and £, 


yt = Wo + Tok, yê = wy + rok? 


where wo and 7» are the wage and profit 

rates at the switch-point. By subtraction 

we get 
E 
Can 
ke — kê 

The left-hand-side of this equality is the 

ratio of the difference in the infinite stream 
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of net output for each technique to the dif- 
ference in the value of capital invested in 
each, output and capital being evaluated 
on a uniform basis in terms of the same con- 
sumption good and a common profit rate. 
Call this the ratio of profitability for the 
two techniques.!® We may say in this case 
that the ratio of profitability is equal to 
the profit rate. This is a necessary implica- 
tion of the condition that the two tech- 
niques are equally profitable at the given 
profit rate.’ 


IV. Infinite Number of Techniques 


We can approach the case of an infinite 
number of techniques by conceptually 
arranging the techniques in the order in 
which they become eligible as r varies and 
by considering the coefficients of the tech- 
niques so arranged as functions of 7. For 
this purpose we need only the coefficients 
01, ba, u, and the intercepts (w*, r*) of the 
corresponding wage-profit curves. Thus we 
write 


(15) m1 = u(r); 


w* = w*(r); 


be = ba(r); 
= (r) 


u = u(r) 


1 A ratio such as this could be computed for any arbi- 
trary pair of techniques at avy arbitrarily given profit 
rate. It can be computed for each pair of techniques in 
the entire book of blueprints from the productivity curve 
(see Appendix) constructed for that book at a given 
rate of profit and growth rate of the economy. In gen- 
eral, of course, the ratio of profitability would not be 
equal to the profit rate. A difference between this ratio 
and the profit rate is accounted for by the difference 
between the two techniques in the amount that would be 
left over from the net product for paying wages after 
deducting profits at the given rate on the respective 
values of capital. One technique is more (Jess) profitable 
than the other according as the ratio of profitability is 
greater (less) than the profit rate. Comparison of the 
profitability ratio for each successive pair of techniques 
with a predetermined rate of profit provides a basis for 
choosing the technique which is most profitable at that 
profit rate. When the ratio of profitability turns out to 
be equal to the profit rate, as at a switch-point, it is a 
matter of indifference which technique is chosen. 

47 Robert Solow (1967) has proposed that at a switch- 
point the rate of profit is also equal to the “‘social rate 
of return to saving.” This proposition is further exam- 
ined by Pasinetti (1969, 1970), Solow (1970). 


MARCH 1973 


There is no a priori reason to expect these 
functions to have any particular form. Re- 
switcning of techniques implies that the 
ord2ring is not unique. Particular restric- 
tior.s can be placed on the technology so as 
to ensure a unique ordering. These must 
of necessity be arbitrary. One such condi- 
tion which is sufficient but not necessary 
is that, for each successive technique repre- 
sented on the frontier, w* should fall and 
r* rise as z rises.18 Assuming w*(r) and 
r*(r_ to be differentiable, this says that 
x * 


dr 
<0, — > 0, forallr 
dr dr 


Ever with this restriction, there is no 
logical necessity for the coefficients 1, bs, 
and „ to vary in any particular way with 
r.!° The restriction is satisfied in the special 
case when wis the same for all techniques. 
The equation of the envelope constitut- 
ing the frontier can be found from the 
funct.ons (15) anc equation (3) for the 
wage-profit curve. Write this as 


(17) w = lbt), u(r), AO), a”), 7] 

The frontier represented by (17) is nega- 
tively sloped and may have any curvature. 
Thus, where differentiable, 


(18) 2g. foam. eu 
— ra , forallr 
4 dr? = 


4 





(16) 


18 Compare Hicks, p. 154, and Michael Bruno et 
al. in “Symposium,” p. 534. A related condition has been 
worked cut by Brown in terms of variations in the com- 
posite cofficient vb, representing the indirect labor re- 
quiremercts ser unit of consumption-good output. 

19 Tf it were to be assumed that ô is the same for all 
techniques, then dr*/dr>C: implies dvı/dr <0, so that 
the quan-ity of physical capital per unit of output in 
producticn of the capital good varies inversely with the 
profit rats. But no definite implication can be drawn 
from (16) for variation of b: and u. In the special case of 
6=( (the zapital gocd lasts forever), dw*/dr <0 implies 
db2/dr>O. so that output pez unit of labor in production 
of the con-urmption good varies inversely with the profit 
rate. Neecless to sav, these conditions tell us nothing 
about vartion of the quantity of aggregate capital per 
man or of aggregate output per man in relation to the 
profit rate 
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Similarly, substitute the functions (15) 
into the growth-profit relation (12) and 
into equation (11) for the value of capital 
per man. The resulting relations may be 
written as 


(19) g= glse Sw, (r), *(r), wir), r] 
(20) k = kibat), n), O, wir), eO), r] 


The assumption of an infinite number 
of techniques does not necessarily imply 
that k and y become differentiable func- 
tions of z. However, for ease of exposition, 
it will be convenient to make the arbitrary 
assumption that these functions are con- 
tinuously differentiable with respect to r. 
We can therefore characterize the dif- 
ference between one equilibrium and an- 
other by taking the total derivatives as 
follows:?° 


(21) dg È dv ðg du ðg =] 
dr dv, dr ðu dr dr* dr 
ð 
, 38 
ðr 
dk ðk db ðk d ðk d 
(22) S-Z a BAN E ee 
dr Ob, dr Ov, dr ðu dr 
ðk =] ðk dg ðk 
es E 
dr* dr ðg dr ðr 
dy (2 )z 
23) — = ( — + k }|— 
E aaa 


Various components of the difference 
between equilibria appear from these rela- 
tionships. Take the value of capital per 
man (k). With the technique held con- 
stant, the last two terms on the right-hand 
side of (22) represent, respectively, the 
composition effect and price effect. When 


the technique of production is different, - 


% It is assumed here, for simplicity, that different 
equilibria have the same saving proportions. 
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there exists also a substitution effect. One 
might think of this as being represeated 
by the bracketed terms in (21) and (22). 

Given the respective magnitudes for 
each equilibrium, the ratio (dy/dk) o: the 
difference in value of net output per man 
to the difference in value of capita. per 
man can be expressed in terms of the vari- 
ous components identified by equation 
(23).*2 An apparent similarity may ke ob- 
served between this ratio and that which 
was called above the ratio of profitadility. 
Nevertheless, the two should be clearly 
distinguished.” The ratio of profitability 
is computed for different techniques eval- 
uated at the same rate of profit, reference 
being made either to a switch-potat be- 
tween two techniques (in which case tne 
ratio is equal to the profit rate) or to a 
productivity curve representing all the avail- 
able techniques. (See the Appendix.) It 
provides a way of representing the choice 
of technique through comparison of the 
ratio of profitability with the given rate of 
profit. In the present case, not onl” is the 
technique different, but the rate or profit 
is also different in the two situations com- 
pared. Moreover, this ratio is in general 
not equal to the profit rate. For what pur- 
pose can this ratio be used? The ratio in 
equation (23) has meaning only as a com- 
parison of different growth equilbrie or 
steady states. It can be used, so to speak, 
for accounting purposes, that is, to mea- 


#1 When the capital good differs from one technique 
to another it makes no sense to compare ther prices. It 
is therefore not economically meaningful to draw a 
strict separation between the difference in capital per 
man due to the difference in prices (the price effect) and 
that which is due to the technical difference in the cap- 
ital good (the substitution effect). 

2 A similar formula was used by Bhaduri (1966) who 
called it the marginal product of capital. But, as we 
shall see, it can be regarded as the marginal product of 
capital only in a very special case. 

2 In the finite-techniques case this rato is one of 
finite differences. It is expressed in terms of _-nfinizesimal 
differences in the present case because of the assump- 
tion of differentiability. 
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sure the difference between equilibria. We 
may therefore call it the accounting ratio. 
No general rule can be laid down con- 
cerning the sign and magnitude of these 
relations and therefore the direction of the 
overall difference between equilibria. The 
reason for this is obvious enough; it is im- 
possible to obtain a unique form of the 
functions (15) that would be valid for all 
conceivable technical conditions. This re- 
mains so even when the sufficiency con- 
ditions (16) for absence of reswitching are 
assumed to hold. Particular results can be 
obtained under particular conditions of 
saving and/or technology. In the next 
section we consider two possible cases. 


V. Some Special Cases 
CASE 1: 


Sy = Q, 125,>0 


In this case the growth-profit relation 
is independent of the technology. In par- 
ticular, g=s,r for all 7.24 One technique 
may be associated with more than one 


profit rate due to reswitching. The varia- ` 


tion of value of capital and net output in 
relation to the profit rate may take any 
form. It depends on the exact pattern of 
price, composition, and substitution ef- 
fects. 

If we take the special case of s,=1, this 
implies that g=r. We then get the follow- 
ing results.” By setting g=r in (11), the 
value of capital per man at a given rate of 
profit becomes 


(24) ba ae 


That is, it is equal to the slope of the wage- 


“Under the conditions of the Pasinetti theorem 
(1962), a similar relation holds without the special as- 
sumption that s,.=0. 

% Some implications of this case were pointed out by 
Bhaduri (1966), p. 288 and Spaventa (1970), p. 137: 
g=r is a condition for the Golden Rule or neoclassical 
theorem to hold. 
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proit curve corresponding to the tech- 
nique in use at that level of z. The same 
condition holds for every level of 7, given 
the associated technique and its wage- 
prošt curve. Since the wage-profit frontier 
is tangent to the wage-profit curve at 
every such point, their slopes are identical. 
It fcllows that, for all 7 


de 
25 sa 
(25) i 
Multiplying (25) by r/w leads to 
k d 
(26) eran ed 
w dr ¢ 


which defines the ratio of total profits to 
wages, or the distribution of net product, 
in terms of the elasticity of the wage- 
profit frontier. We also have from (25) and 


(18) 
(27) amas 


which says that the value of capital may 
fall or rise with r depending on the curva- 
ture cf the wage-profit frontier. Finally, 
by substituting (25) into (23) we get, for 
all y, 


(28) — =r 


so that tne accounting ratio is in this case 
equal to the rate of profit. 


CASE 2: 
u(r) = 1, 


Here the growth-profit relation be- 
comes, “or all r, 


(29) g=(s,—Su)r+Sur*(7), 
g=sr*(r), 


In eithe- case of saving behavior, this rela- 
tion is dependent on the technology 
through the function r*(r) which, in this 
case, represents the output-capital ratio 


for all r 


if O<s,<5, 


i s3=5-=3 
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for the economy as a whole. Though in 
general nothing can be said about the 
form of r*{r), under the special conditions 
of this case we know that techniques can 
be uniquely ordered so that dr*/dr>0 for 
all z. It follows that g is a continuous, 
monotone-increasing function of r. Thus 
there exists a unique relation between the 
growth rate, rate of profit, and technique 
of production over the entire range of 
available techniques. 

By setting w=1 in (11), the value of 
capital per man at a given rate of profit is 
(30) fee 

bs ar 

As in Case 1, it is defined by the technical 
coefficients representing the slope of the 
wage-profit curve corresponding to the 
technique in use. The results (25), (26), 
and (28) therefore hold also in this case. 
A special feature of this case is that the 
wage-profit curves of all techniques are 
straight lines. This implies that 





dw  w* 
(31) pS See Se 


Since the condition (16) for unique order- 
ing of techniques is fulfilled in this case, 
it follows that the value of capital per 
man is a monotone-decreasing function 
of the profit rate.” 

The results of Case 2 can be readily 
explained. When u= 1 there is no difference 
in the conditions of production of the two 
goods. Being technically the same, they 
can be regarded as one and the same good 
(except for units of measurement). There- 
fore their relative price is equal to unity 
(by appropriate choice of units) and is in- 
dependent of the profit rate. This means 
that the price effect disappears. Further- 
more, any composition of output can be 


2% This case, which constitutes the basis for the Sur- 
rogate Production Function, is discussed by Garegnani 
(1970). 
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produced with the same physical stock of 
the capital good. Thus the composition 
effect also disappears. There remains only 
a substitution effect which takes a special 
form. In particular, the consumption good 
is produced by itself and labor. All the 
available techniques can be ranked ac- 
cording to the increasing quantities of the 
consumption good required (as capital 
good) in production or according to the 
increasing quantity of net output of the 
consumption good produced. This rank- 
ing is unique and corresponds to the or- 
dering of the techniques in relation to the 
profit rate. The “value” of capital per 
man, being equivalent to the physical 
stock of the consumption goods, also fol- 
lows the same ordering. All of this con- 
stitutes what has come to be called the 
one-commodity-model. 


VII. The Accounting Ratio and 
the Profit Rate 


The result that the accounting ratio 
(referring to two neighboring equilibria) 
equals the rate of profit is common to both 
Cases 1 and 2 and is similar to the result 
obtained at a switch point in the firite- 
techniques case. In Case 2, however, this 
result is susceptible of a further inter- 
pretation. Note, in particular, that in this 
case the difference in output per man and 
capital per man between two neighboring 
techniques consists entirely of a difference 
in their technical coefficients of produc- 
tion. The ratio of these differences (that is, 
the accounting ratio) is thus a technical 
datum independent of the rate of profit.” 

7 From this the possibility also arises of regarding the 
accounting ratio as representing the “marginal product” 
of the capital good itself because one equilibrium dif- 
fers from another only by the addition of an infinitesimal 
quantity of the same capital good and by an associated 
increment in output of the same good. But when the 
capital good is different, and in the general case of 
many capital goods, no such interpretation is possible. 
For, then, the differences in capital per man and output 


per man can only be expressed as a value magnitude 
involving prices and the rate of profit. 
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Since it is also equal to the rate of profit it 
would appear, in comparing the two econ- 
omies, as if a rate of profit existed for 
strictly technological reasons. Further- 
more, since the profit share is equal to the 
elasticity of the wage-profit frontier, the 
distribution of income would appear to be 
uniquely related to the technology. These 
appearances would exist no matter what 
other explanation for the rate of profit 
and distribution of income might be offered 
by a theory relevant to the situations being 
compared. The technological reasons might 
even be made themselves to constitute 
such a theory. The point is, however, that 
those reasons and any such theory would 
have no applicability outside the frame- 
work of the special assumptions of this case 
and would therefore be, in general, of 
little or no interest whatsoever. 

The fact that the same result (the ac- 
counting ratio equals the rate of profit) is 
found in Case 1 reflects the peculiar cir- 
cumstances of saving behavior in that case 
and, beyond that, has none of the signifi- 
cance attached to Case 2. In particular, it 
does not mean that a higher value of capi- 
tal is necessarily associated with a lower 
rate of profit. Neither is the accounting 
ratio susceptible of being interpreted as a 
technical datum which explains the rate of 
profit. 

The common feature of both of these 
cases Is that the value of capital is uniquely 
defined in terms of a technical datum.” 
The results of each case can be seen to fol- 
low directly from this condition. In the 
one case this condition is an accidental 
feature or a particular pattern of saving. In 
the other it is an accidental feature of a 
particular type of technology. Because, in 
Case 1, nothing further is implied concern- 
ing the technology, no general statement 


28 Note that, in either case, this feature is in no way 
related to the assumption of an infinite number of tech- 
niques. Tt could as well be found in a system with only 
one technique. 
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can be made about the relation between 
capital per man and the rate of profit. Be- 
cause, in Case 2, a particular type of tech- 
nology is assumed, there are particular 
implications for this relation: capital per 
man varies inversely with the profit rate. 

There is no reason for assuming one or 
the other case as more likely to be found in 
reality than other conceivable possibilities. 
Indeed, in the present context, the condi- 
tions of the problem are sufficiently remote 
from reality to make any such statement 
meaningless. However, at the present level 
of abstraction, what we can see is that 
particular assumptions concerning the 
technolagy are necessary if there is to be an 
invers2 relation between value of capital 
and rate of profit.2* The restrictive nature 
of such assumptions and of the relation 
derived from them is evident from the fact 
that that relation no longer holds as soon 
as some slight change is made in those 
assumptions. Therefore, no theory based 
upon such foundations can lay claim to 
validity or generality or even to any sig- 
nificance as a “parable” or illustration of 
what exists in reality. 


APPENDIX 


the Productivity Curve and the 
Production Function 


Let the profit rate be given at r1. Then, for 
each technique there is a corresponding wage 
rate and relative price of the capital good in 
terms of the chosen numeraire. At a given 
growth rate of the system there is a corres- 
ponding physical stock of the capital good, a 
value of capital per man evaluated at the 
price corresponding to 7; and an associated 
value of output per man. The values of capi- 
tal and output per man obtained in this way 
for the entire book of blueprints form a pro- 
ductivity curve.®® One such curve is shown in 


29 In the reoclassical two-sector model (see Hirofumi 
Uzawa) the assumption that the consumption-good 
sector is the more “capital-intensive” serves the same 
purpose. 

30 This concept was introduced by Robinson (1956, 
p. 412) as an adaptation of one used by Wicksell. 
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Figure 3. The points a1, 61, Yi 51, €, repre- 
sent the values of capital and output for the 
available techniques at the profit rate rı 
equal to the slope of the ray 1k. The ratio of 
profitability between techniques is the slope 
of the line joining two adjacent points.” 
Comparing the ratio of profitability for suc- 
cessive pairs of techniques with the given 
profit rate, we find that y is the most profita- 
ble (it yields the highest wage rate Ow). 

The same procedure could be carried out 
no matter how large the number of available 
techniques or the number of commodities.” 
The productivity curve (or its segments) 
would be positively sloped and display di- 
minishing ratios of profitability between 
techniques going from left to right.** There is 
one point (or segment) to the left of which 
the ratio of profitability between techniques 
is greater than the given profit rate, to the 
right of which it is less. The technique(s) 
represented there is (are) the most profitable. 
The whole procedure is, in effect, a way of 
representing the choice of technique. It obvi- 
ously does not provide a criterion for deter- 
mining the profit rate for the latter is, so to 
Say, given in advance. 

At one profit rate (and corresponding set 
of prices) there is one productivity curve. At 
a different profit rate (say, 72), the wage rate, 
relative prices of commodities and value of 
output and capital per man for each tech- 
nique would in general be different. The 


3! The term “marginal product of investment” was 
used in this context by Robinson (1956, p. 412). In cor- 
respondence with the author she indicates that use of 
this term was misleading. On this, see Pasinetti (1969). 

32 Compare Michio Morishima, (1964), pp. 122- 
30. In the case of many consumption and capital goods, 
the relative prices would differ from one technique to 
another at the same rate of profit. To represent the 
values of output and capital for the different techniques 
on the same diagram the commodities must be evalu- 
ated at the same set of prices. The representation would 
then differ according to which set of prices is selected, 

% This shape is a consequence of economic rational- 
ity, not of the technology. Any technique which, taken 
with another, had both a lower value of output and 
higher value of capital (that is, a negative ratio of 
profitability) would be irrelevant. Similarly, if between 
any three adjacent techniques the ratio of profitability 
were higher between the second and third than between 
the first and second, the second would be ruled out and 
comparison made directly between the first and third. 
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productivity curve therefore has to be re- 
drawn. Either the same or a different tech- 
nique (or combination of techniques as in 
Figure 3) will be found to be most profitable 
on the new curve. The difference between the 
two equilibria can be analyzed in terms of the 
categories of price, composition and substitu- 
tion effects developed in this paper. 

The production function relates output per 
man y to capital per man k, both measured in 


. homogeneous units, such that 


(Al) y =f); FŒ) > 0, fk) <0 


It is required that the rate of profit be equal 
to the marginal product of capital 


(A.2) r= f(b) 
and irom Euler’s Theorem, we get 
(A.3) w = f(k) — f'(k)k 


To compare different equilibria, obtain from 
(A.1)—(A.3) 


(A.4) a = f(k) < 0 

dk 

dw 7 . 
(A.5) Fa = —f"(k)k > 0 
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It follows from dividing (A.5) by (A.4) that 


As shown in the text, the wage-profit frontier 
iS 


(A.7) w= o(r) 


such that, where differentiable, ¢’(r) <0 and 
o"'(r) £0. (A.6) requires that 


(A.8) k= —¢'(9) 


Differentiating (A.8) and substituting into 
(A.4) leads to 


1 
Z = -e a" <0 


whick holds if and only if $” (r) >0, that is, if 
the frontier is convex. If the frontier is linear 
or concave the production function cannot 
give the correct relation between k and r. 

The particular case which meets the 
special requirements of (A.4) and (A.6) is 
Case 2 considered in the text, the essential 
feature of which is the assumption that a 
single homogeneous commodity (for exam- 
ple, carn) is consumed and used in produc- 
tion. The production function which de- 
scribes the equilibrium relations that prevail 
in this case is a relation between homogene- 
ous physical magnitudes. The capital or & in 
it is a physical quantity independent of 
prices and distribution. The productivity 
curve cn the other hand, more generally re- 
lates quantities measured in value terms at 
the appropriate equilibrium prices and profit 
rate. 
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The US. Phillips Curve and International 
Unemployment Rate Differentials 


By ROBERT J. FLANAGAN” 


For much of the postwar period, the 
persistence of higher unemployment rates 
in the United States relative to other in- 
dustrialized nations has perplexed econo- 
mists and laymen alike. The earliest dis- 
cussions of the problem emphasized tech- 
nical differences in the measurement of the 
relevant statistical series, but work in the 
early 1960’s showed that international un- 
employment rate differentials remained 
after corrections for differences in the 
statistical concepts and measurement (see 
President’s Committee to Appraise Em- 
ployment and Unemployment Statistics). 
Later studies emphasized the relative 
weakness of aggregate demand in the 


United States during most of the postwar — 


period. The unsettling fact remained that 
the unemployment rates attained during 
the Korean War and other periods of 
strong demand pressure in the United 
States were higher than those observed 
abroad. A related explanation recognized 
the conflict of policy goals implicit in the 
Phillips curve and suggested that the off- 
cials responsible for monetary and fiscal 
policy in the United States preferred low 
rates of inflation by European standards. 
Implicit in this view was a common Phil- 


* Assistant professor of labor economics, Graduate 


School of Business, University of Chicago. I wish to — 


thank Bent Hansen, Lee Soderstrom, Lloyd Ulman, the 
managing editor, and an anonymous referee for useful 
criticism and suggestions on earlier drafts. This paper 
was prepared under Grant No. 91-05-68-70 from the 
Manpower Administration, U.S. Department of Labor, 
under the authority of title I of the Manpower Develop- 
ment and Training Act of 1962 as amended, but points 
of view which are expressed do not necessarily represent 
the official position or policy of the Department of 
Labor. 
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lips curve for each country and the notion 
that standard monetary and fiscal policies 
could bring the United States to European 
unemployment rates with no greater cost 
in terms of inflation. However, later evi- 
dence indicated that the tradeoffs between 
prices, wages, and unemployment rates 
differed between countries, so that the 
observed unemployment differentials were 
partizlly a matter of choice among con- 
flictinz alternatives, but partially the re- 
sult of behavioral or structural differences 
which affect the position of the Phillips 
curve and the price change-unemployment 
tradecff (see Ronald Bodkin et al.). 

This paper will determine some of the 
main sources of the relatively “poor” 
Phillips curve tradeoff observed in the 
United States. The following sections de- 
rive some factors which may be responsible 
for diff2rences in the slope and position of 
the curve and develop empirical estimates 
of the relative importance of these factors 
in the United States, Great Britain, and 
Sweden. The comparison is limited to 
these countries because of the difficulties in 
obtainirg data which are sufficiently com- 
parable to permit the conclusion that one 
is observing real differences rather than 
errors in measurement. 


I Theoretical Determinants 


In this section, a theory of the Phillips 
curve is outlined to derive parameters 
which gcvern differences in the slope and 
position of the Phillips curve over time and 
among countries. The theory generally 
follows the disequilibrium approach of 
Richard Lipsey and Bent Hansen, al- 
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though comparisons to more recent neo- 
classical formulations are made where 
appropriate. 

The familiar dynamic hypothesis under- 
lying the present approach is that the rate 
of change of wages is proportional to the 
magnitude of the labor market disequi- 
librium, defined as the rate of excess de- 
mand. Thus l 


(1) aa ( 1 
P o S ) 


where A(W/P)} is the time rate of change of 
real wages, D and S are the demand and 
supply of labor, respectively, and & is the 
reaction coefficient denoting the flexibility 
of wages in response to a given disequi- 
librium in the labor market. The appropri- 
ate measure of [(D—.S)/S] in the labor 
market is the job vacancy rate, V, minus 
the unemployment rate, U, where vacan- 
cies are defined as the difference between 
the demand curve (desired employment) 
and actual employment, and unemploy- 
ment as the labor supply minus actual em- 
ployment. However, in most empirical 
work a relation between the vacancy rate 
and the unemployment rate is postulated, 
and the unemployment rate is used as a 
proxy for excess demand. Movements 
along the unemployment-vacancies (UV) 
curve correspond to cyclical changes in the 
rate of excess demand, while shifts in the 
position of the curve correspond to shifts in 
the degree of structural maladjustment in 
the labor market.) Both k, the coefficient 





t Prior to the appearance of the first Phillips curve, 
this relation was postulated and studied by J.-C. R. 
Dow and L. A. Dicks-Mireaux who argued that fric- 
tional vacancies (at very low levels of demand) and 
frictional unemployment (at high levels of demand) 


will generate a non-linear relation. Lipsey applied a - 


similar argument, and Edmund Phelps derives the 
same form from an argument based on labor turnover 
behavior. Jacob Mincer accepted the hyperbolic form 
and pointed out that movements along the UV curve 
coincide with movements along the Phillips curve. 
Empirical studies in Great Britain, Sweden, Australia, 
and the Netherlands (using data which are subject to 
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indicating the flexibility of wages in re- 
sponse to labor market disequilibrium, and 
the degree of ‘structural maladjustment” 
in the labor force will influence the position 
of the Phillips curve. The interpretation of 
structural maladjustment is elaborated in 
the following sections. 


1. Turnover 


Given the definitions of unemployment 
and vacancies, the parameters of the UV 
relation reflect the speed and extent of 
adjustment of actual to potential employ- 
ment and actual to potential labor supply 
when the labor market is in disequilibrium. 
The study of this process is facilitated by 
disaggregating the stocks of unemploy- 
ment and job vacancies into the flow per 
unit of time and average duration of each 
variable. Thus, the job vacancy and un- 
employment rates can be defined 


(2) Vy =D, 
U = I,D, 


i.e., as the product of the weekly incidence 
of new unfilled vacancies (unemployment) 
as a percentage of the labor force and the 
average number of weeks such vacancies 
remain unfilled (individuals remain unem- 
ployed). The identities define a steady 
state in which the weekly flows of new 
vacancies and new unemployment exactly 
match and replace the vacancies and un- 
employment generated (on average) D, 
and D, weeks earlier. The distinction is 
important in part because the determi- 
nants of the flow and duration of each 
stock are sufficiently diverse that the ap- 
propriate policies to reduce an observed 
stock of unemployment are not obvious 
a priori.” 


the qualifications mentioned in the text) have uncov- 
ered highly significant non-linear relations between the 
ageregate level of vacancies and unemployment (see 
references in Hansen and Phelps). 

* The distinction is also useful because it highlights 
the possibility that in tight labor markets an accelera- 
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When desired employment exceeds ac- 
tual employment, the rate of incidence of 
vacancies is defined as 


(3) Ip = g(Q) + 9(Q) + r + AE*(Q) 


in which g is the quit rate, y the layoff rate, 
r the retirement rate, AE* is the change in 
desired (cost minimizing) employment as a 
percent of the employed work force, and QO 
is the rate of excess demand in the product 
market. The rate of incidence of unem- 
ployment reflects the combined influence 
of quits, layoffs, and labor force entries, or 


(4) Iu = ag(Q) + BQ) + vp) 


in which # is the rate of gross labor force 


entrance, and a, 8, and y are parameters 


representing the propensity of each source 
of turnover to incur unemployment. From 
these definitions it can be shown that the 
disequilibrium behavior of the flows of new 
vacancies and new unemployment is not 
predictable in advance. 


(5) dI,/dQ = g + y' + AE* 20 
where g’, AE*’>0 y’ <0 

(6) — dI.,/dQ = aq’ + By’ + yp’ 20 
where #’>0 


The specified signs reflect considerable 
empirical evidence that voluntary frictions 
are positively related to excess demand ‘in 
the product market while friction moti- 
vated by corporate maximizing decisions is 
negatively related to excess demand in the 
product market. It is clear that the dis- 
equilibrium behavior of J, and J, is theo- 
retically ambiguous because of the oppos- 
ing cyclical behavior of the underlying 


tion in job-changing and labor force entry could in- 
crease the flow of new unemployment sufficiently to 
offset the effects of the falling average duration on the 
total unemployment rate, thus inducing a positive 
‘slope in the UV relation and the Phillips curve (see 
Bernard Corry and David Laidler). The empirical 
importance of this possibilty is assessed below. 
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turrover flows. The results will depend on 
the ~elative strength of the (positive) cycli- 
cal elasticity of quits and entrants on the 
one hand and the (negative) cyclical elas- 
ticity of layoffs on the other, as well as the 
proportion of quits, layoffs, and labor force 
entrents which incur some unemployment. 


z. Duration of Unemployment 
and Vacancies 


Most of the cyclical variance in unem- 
ployment and vacancy rates is due to 
cyclical variations in the average duration 
of unemployment and vacancies D, and 
D,. However, there is some theoretical 
controversy concerning the proper inter- 
pretation of the observed phenomena. On 


_ the ore hand, the cyclical sensitivity of D, 


can be treated as an index of the severity 
of “structural” imbalances in the labor 
market which prevent the matching of 
workers and jobs. On the other, the dura- 
tion or unemployment or vacancies (and 
thus the unemployment and vacancy 
rates) hes been treated as search-related 
and hence voluntary. Both formulations 
yield the same predictions concerning the 
cyclica: behavior of longer term unemploy- 
ment and vacancy rates. Therefore, 


(7) D, = h(Q) 


Thus the slope of the UV relation depends 
criticallz on the cyclical sensitivity of 
quits, laycffs, and labor force entrants, the 
proportion of each turnover flow which 
incurs unemployment, and the cyclical 
behavior of the duration of vacancies and 
unemployraent. These same variables in- 
fluence ~he slope and curvature of the 
Phillips zurve, for as other writers have 


k >0 
ji <0 


3 The equilibrium duration of unemployment (opti- 
mal duration cf search) comes out of the theory of in- 
formation as developed by George Stigler. More re- 
cently the treary has been recast to generate cyclical 
variations in. D, and D, (see papers in Phelps et al.). 
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pointed out, the steeper or more curved the 
UV relation, the greater the change in 
excess demand (V — U) and hence A(W/P) 
associated with a one unit change in the 
unemployment rate (see Hansen, Lipsey). 
Moreover, as indicated by the constant 
term, the position of the UV curve is also 
a function of the general level of turnover 
in the economy. Therefore, both the level 
and cyclical fluctuation in the turnover 
flows can be an important determinant of 
the slope and position of the Phillips curve 
and a fortiori an important source of inter- 
national unemployment differentials. 


3. Expectations 


Although the theory of labor disequi- 
librium traced out in earlier sections is a 
theory of dynamic adjustments in real 
wages, the dependent variable in most 
Phillips curve studies is the rate of change 
of money wages. It is therefore necessary 
to include a variable which captures reac- 
tions to anticipated price increases.* Econ- 
omists who emphasize the role of expecta- 
tions in the wage determination process 
conclude that while a stable disequilibrium 
wage adjustment relation may be observed 
in the short run, there is no long-run trade- 
off available to the economy, for the sys- 
tem will move back to an “equilibrium” 
rate of unemployment via one of several 
postulated mechanisms.® From this theory 
it follows that an unemployment rate 
which is lower than the equilibrium rate 
can be maintained by the application of 
monetary and fiscal policies only at the 
cost of an ever-accelerating rate of infla- 
tion as expectations and hence wage de- 
mands are constantly revised on the basis 


í Unanticipated price increases will work through 
their influence on the rate of excess demand variable, 

5 The theoretical arguments and alternative methods 
of adjustment are specified in Milton Friedman and the 
papers in Phelps et al. In his introduction to the latter 
reference, Phelps admits the possibility of a long-run 
tradeoff which is nevertheless steeper than observed 
short-run relations. 
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of price changes in current and previous 
periods.® 
This argument has definite testable 
implications for the position of the skort- 
run Phillips curve which have been szated 
clearly in this Review by Friedman: 
Stated in terms of the rate of change of 
nominal wages, the Phillips Curve can 
be expected to be reasonably stable and 
well defined for any period for which the 
average rate of change of prices, and 
hence the anticipated rate, has been 
relatively stable. For such periods, 
nominal wages and “real” wages move 
together. Curves computed for different 
‘periods or different countries for each 
of which this condition has been satis- 
fied will differ in level, the level of the 
curve depending on what the average 
rate of price change was. The higher the 
average rate of price change, the higher 


will tend to be the level of the curve. 
[p. 9, fn. 5] 


Since expected price increases are postu- 
lated to exert an independent influence on 
wage changes, the wage equation must be 
amended to include a separate expecta-. 
tions variable. 


II. Aggregate Wage Changes in Sweden, 
Great Britain, and the United States 


The objective of this section is to esti- 
mate aggregate wage change equazions in 
each of the sample countries, to document 
differences in the slope and position of the 
Phillips curves for these three countries, 
and to offer some tentative judgements on 
the influence of price expectations and 
trade unions on the position of Phillips 
curves. The equations for each country are 
estimated on comparable quarterly data 
for the period 1951: II through 1968: IV 
by ordinary least squares. The dependent 
variable for each country is the rate of 

6 Others have argued that the maintenarce of high 
demand will work out structural rigidities in the econ- 
omy and that rising prices resulting from lower than 
equilibrium unemployment rates may erode the effect 


of institutional and legal constraints which impede em- 
ployment, thus tending to reduce the equilibrium rate. 
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FIGURE 1. ESTIMATED PHILLIPS Curves 
SWEDEN, GREAT BRITAIN. UNITED Srates, 1951-68 


change of gross hourly earnings, which 
normally increases more rapidly than the 
rate of change of negotiated hourly wage 
rates because of the influence of overtime 
payments and wage drift.” Moreover, the 
unemployment rate in each country is 
adjusted to the concepts and measurement 
of the U.S. sample survey series.8 The rate 
of change of the Consumer Price Index is 


? The sectors covered by the earnings data differ be- 
tween countries: the U.S. data are for the manufactur- 
ing sector, the Swedish data are for mining and manu- 
facturing, and the British data are for the above plus 
construction, utilities, transportation, communication, 
and public administration. Sources are U.S. Bureau of 
Labor Statistics, Ministry of Labour Gazelle, and SCB, 
Allmän Méanadsstatistik. The British data are from a 
semiannual series which has been interpolated for inter- 
vening quarters. 

8 Unemployment data differ largely because many 
European series are by-products of unemployment in- 
surance or employment service programs and tend to 
understate unemployment and the unemployment rate 
relative to sample survey data. A full analysis of these 
differences is included in the President’s Committee to 
Appraise Employment and Unemployment Statistics. 
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used in the current period, lagged one 
quarter, and in an Almon distributed lag 
to capture the effect of anticipated price 
changes.’ 

In the subsequent regressions, AW is the 
four-quarter rate of change of earnings, 
AP is zhe four-quarter rate of change in the 
Consumer Price Irdex, and U is the aver- 
age uremplovment rate over the past four 
quarters. This form, which centers U about 
i4 months behind the AW variable, was 
found to perform best. The term Z is the 
sum of the coefficients of a distributed lag 
of past price changes and is included as an 
alternative to AP to test the proposition 
that workers obtain full.compensation for 
price increases, but with a lag.” 

The wage adjustment equations which 
were selected after experiments with alter- 
native lag structures appear in Table 1, 
and the tradeoffs which these regressions 
imply are drawn in Figure 1.1! For the 


Since late “961 a Swedish quarterly sample survey has 
provided unemplovment rate estimates which closely 
correspond to U.S. concepts and measurement (see 
SCB, 1969). Estimates for earlier years were developed 
by linking the survey series to insurance and trade union 
series. For Great Britain a comparable unemploy- 
ment rate zeries was developed by using Census and 
special survey materials to estimate the undercount of 
women and other groups in the official registration series 
(see U. K. Ministry of Labour Gazette). Details on the 
adjustments are in Flanagan, Appendix, and may be 
obtained fram the author. 

? Since indirect taxation has been an important com- 
ponent of Swedish fiscal policy in the 1960’s, the Swedish 
regressions were tried with two price series—-the rate of 
change of the total consumer price index and the rate 
of change of the net price index (see SCB, 1968). The 
latter exciuces the effects cf indirect taxes and differs 
from the zcrmer index only since 1959, There was no 
significant diference between the coefficients obtained 
from the a_ternative series. 

10 The reported results, selected after considerable 
experimen+ztion, are for polynomials of degree 4, 3, and 
5 fit to lazs of 8, 5, and 12 quarters for the United 
States, Great Britain, and Sweden, respectively. 

u The traceoffs were generated under steady-state 
assumptions by substituting a price change equation 
(in which the rate of change of hourly earnings AW 
and import prices AJ are related to the rate of inflation) 
for each country into the wage change equation with a 
single period rate of price change. The price change 
equations are: 
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TABLE 1—QUARTERLY EARNINGS CHANGE REGRESSIONS, SWEDEN, GREAT BRITAIN, 
UNITED States, 1951: IJ—1960: Iva 


tent 


Regres- 
sion 
Country No. Constant yi Pigi 
Sweden l. 2.04 7.81 
(2.03)> 
2. 3.39 3.27 
(1.72) 
Great Britain 3, 2.75 15.87 
(3.71) 
4, 3.01 12.59 
(3.79)? 
5. 3.30 15.24 
(3.67) 
United States 6. — .59 17.21 
(2.01) 
7 — .63 17.71 
(2.28) 
8. 1.36 35.03 
(4.09) 


Regression Coefficients 


AU AP APL, Z R d 
80) 78 1.08 
(.09)» 
96 82 86 
At 50 86 
(.08)» 
—3.23 „48 54 1.03 
(1.27 (08) 
29 52 89 
At 72 75 
(.07) 
35 78 13 
42 72 78 
(.07)® 





Sources: U.S. Department of Labor; U.S. Bureau of Labor Statistics; Ministry of Labour Gazette; SCB Allmän 


Ménadsstatistk; SCB, 1969; Flanagan, Appendix. 


® Standard errors are in parentheses and d is the Durbin-Watson statistic. 


b Significant at 1 percent level. 


United States, wage equations were esti- 
mated alternately using the U-! and U~? 
forms of the unemployment variable. Al- 
though there were no statistical grounds 
for favoring either specification over the 
other, the equation using U~! is used to 
construct the tradeoff in Figure 1 to facili- 
tate comparison with a recent study by 
George Perry. The tradeoffs derived by 
Perry, using somewhat different definitions 
of W and U, are included in Figure 1 and 
discussed below. On the other hand, the 
wage equation using the U~? specification 


pee 


Sweden: AP =.77+.36 AW -+-.23 AT 
Great Britain: AP = —.12+.58 AIV +.12 A7 
United States: AP = —.33-+4-.58 AW+.12 Al 


All coefficients are significant at the 1 percent level. 
Alternative assumptions about the value of AJ had a 
miniscule impact on the tradeoffs. 


was required to conduct a test for struc- 
tural independence of the wage equations 
for each country and is reported in regres- 
sion 8. When a Chow test was applied, the - 
computed F-ratios were above the critical 
value for each pair of countries, and the 
hypothesis that the observed differences in 
wage adjustment relations are the result 
of sampling variations was rejeczed (see 
Gregory Chow).!” 

Given the structural indepenacence of 
the estimated Phillips curves, the regres- 
sions and the curves they generat2 appear 
to justify the following conclusions: 

1) Over the range of observations pro- 
vided by the 1951-68 period, the United 

12 The computed F-ratios are 10.15 for the United 
States and Sweden, 7.04 for the United States and 


Great Britain, and 7.49 for Great Britain and Sweden. 
The critical value was 3.82. 
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States experienced the least favorable 
Phillips curve. However, if one extrapo- 
lates the curves for the European coun- 
tries, it appears that at unemployment 
rates over 4 percent, Great Britain and 
eventually Sweden would have experi- 
enced more wage inflation than the United 
States. This reflects the relatively high rate 
of autonomous wage increases in the two 
European nations as noted below. The 
conclusion of a relatively “inferior” U.S, 
tradeoff at lower unemployment rates is 
strongly reinforced by a comparison with 
the Phillips curve recently derived by 
Perry for the mid-1950’s. For most of the 
period covered by the present study, 
Perry’s estimates, which weight each mem- 
ber of the labor force by the relative hours 
and income received in the relevant age- 
sex cell, imply that a given AW is associ- 
ated with about one-half of 1 percentage 
point more unemployment than the Phil- 
lips curve derived from regression 6. 
Moreover, for the period since 1967, 
Perry’s work indicates that a shift in the 
composition of the labor force toward high 
unemployment groups has shifted the 
U.S. Phillips curve still further from Euro- 
pean experience over the full range of post- 
war unemployment rates. The evidence 
supports the conclusion that the relatively 
high postwar unemployment rates in the 
United States reflected a less favorable 
tradeoff available to monetary and fiscal 
policy as well as the maintenance of a 
greater gap between actual and potential 
output. 

2) Autonomous wage changes, as re- 
flected in the constant term, appear to be 
higher in both Great Britain and Sweden 
than in the United States. (For the United 
States, the appropriate comparison is with 
regression 8. Measurement is not 
sufficiently precise to distinguish between 
autonomous wage pressure in Great Bri- 
tain and Sweden. This weakens the hy- 
pothesis that the relatively unfavorable 
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Phi'hos curve for the United States may 
be attributed to relatively great autono- 
mous power of U.S. unions on wage 
changes. This, of course, is not to argue 
that the unions play no role in the prob- 
lem, for their presence may be felt in the 
speed of wage adjustment, the relation 
between unemployment and vacancy rates, 
or the reaction of wages to price changes. 
Mor2over, the constant terms in Table 1 


‘will also reflect in part the constant term 


of the UV relation which can vary between 
countries and thus obscure differences in 
autonomous institutional wage pressures. 

3) A second possible explanation for the 
relatively poor position of the U.S. Phillips 
curve is that the average rate of price in- 
flation and/or the reaction of wages to 
price changes has been relatively high in 
the United States. During 1951-68 the 
averaze annual rate of change of prices was 
4.3 percent in Sweden, 3.9 percent in Great 
Britain, and 2.3 percent in the United 
States. Thus, the hypothesis by Friedman 
noted in Section I does not explain the 
rankirg of this set of Phillips curves. In- 
deed, zhe ranking of both the average rates 
of infletion and the sums of the distributed 
lag co2‘ficients are exactly inverse to the 
average rate of price inflation over the 
period Nevertheless, the coefficients on 
the price change variables in this limited 
sample may provide some very tentative 
support for the accelerationist hypothesis. 
Under tais hypothesis accelerating wage or 
price inflation is predicted only when ag- 
gregative policies are used to maintain an 
unemployment rate below the equilibrium 
rate for some period of time. Most indus- 
trialized nations have experienced sufħ- 
ciently frequent cyclical fluctuations that 
they have not been able to generate data 
which would test this hypothesis persua- 
sively. Sweden, however, provides a pos- 
sible exception as the low and narrow range 
of unemployment rates indicates. In Table 
1, the ccefficient on the price change vari- 
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able is highest in Sweden, and when the 
distributed lag variable is used, the sum of 
coefficients was just above or just below 
unity in several instances (see regression 2 
for example). Thus, institutional efforts or 
ability to protect real wages against the 
eroding influence of price increases are 
strongest in Sweden where the average rate 
of inflation has been highest among the 
countries in this sample (and where the 
Phillips tradeoff has been most favorable). 


III. The Slope and Position of the UV Curve 


It is clear from the empirical work in the 
previous section that neither autonomous 
wage changes nor expectational forces are 
responsible for the relative position of the 
U.S. Phillips curve. Thus the burden of 
explaining the international differences 
falls on the coefficient of the unemploy- 
ment rate which is a hybrid of the wage 
flexibility coefficient and the forces influ- 
encing the position of the UV relation. Our 
attention will be limited to the hypothesis 
that the UV relation is relatively high in 
the United States. If comparable unem- 
ployment and vacancy data were avail- 
able, a straightforward test of this proposi- 
tion would be possible. However, job 
vacancy data are obscure or shaky for 
some countries, and regressions of the 
vacancy rate on the unemployment rate 
can at most show that the UV relation for 
the United States is displaced relatively 
far from the origin but will not yield infor- 
mation on specific characteristics of dis- 
equilibrium behavior in the labor market 
which are responsible for the finding. Since 
the possibilities are quite diversified and 
have different policy implications, the 
procedure in the subsequent empirical 
work will be to examine separately the 
factors which are shown to determine the 
UV relations. 


1. The Incidence of Unemployment 
The weekly flow of new unemployment 
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is almost twice as high in the United States 
as in Great Britain or Sweden. Over the 
postwar periods for which data are avail- 
able the average annual J, are .63 for the 
United States, .33 for Great Britain, and 
.31 for Sweden. (The small size of these 
rates tends to obscure the massive flows 
they represent. At recent labor force leveis 
the data imply that on average, four hun- 
dred seventy thousand people became un- 
employed each week in the United States. 
The comparable figures for Great Britain 
and Sweden are eighty-two thousand and 
twelve thousand.) This finding is a consid- 
erable surprise, both because it incicates 
that the incidence of unemployment may 
be responsible for most of the observed 
international differences in the unemploy- 
ment rate! and because most nonmacro- 
economic labor market policy during the 
past decade has emphasized the reduction 
of unemployment and unemployment dif- 
ferentials via programs which are largely 
designed to reduce the duration of unem- 
ployment. 

Reference to equation (4) indicates that 
the relatively high J, that characterizes 
labor market equilibrium in the United 
States must result from higher turnover 
flows, a lower level of labor market effi- 
ciency in the sense that a larger proportion 
of each turnover flow may incur unem- 
ployment in the United States," or a labor 

8 Using 1965 data and the steady-state definition 
given by equation (2) we may divide the U.S. 1965 
unemployment rate by the rate of incidence of unem- 
ployment for that year to obtain an estimate cf the 
average duration, 7.3 weeks. This average duration may 
be multiplied by the observed 1965 rate of incidence in 
Great Britain and Sweden to obtain the aggregate un- 
employment rates estimated to prevail ¿f the average 
amount of time between jobs was the same (7.3 weeks) 
in each country. For Great Britain the estimate is 2.2 
percent and for Sweden the estimate is 1.8 percent— 
in each case quite close to the observed rate for the year. 

4 The use of the word “efficiency” is intended to in- 
clude the possibility that the stock and qua:ity of labor 
market information is sufficiently imperfect or the cost 
of search is sufficiently low that a larger fraction of 


gross turnover in the United States finds unemployed 
search behavior rational. 
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TABLE 2—WEEKLY FLOW OF NEW UNEMPLOYMENT AS PERCENT 
OF LABOR Force, UNITED States, 1970 


Occupation Iu 
White Collar „31 
Professional and Managerial .16 
Clerical 48 
Sales 48 
Blue Collar .67 
Craftsmen „40 
Operatives TY 
Laborers (nonfarm) 1.09 
Service 63 
Males 
Age 16-19 2.24 
20-24 1.06 
25-44 30 
45+- , 20 


Industry I 
Agriculture .96 
Construction 1.11 
Manufacturing 58 
Curable „56 
Nondurable „60 
Transportation and 
Public Utilities „34 
Trade 66 
Females 
Age 16-19 2.56 
20-24 1.11 
25-44 61 
45-4 „31 


Source: Data computed from Paul E laim and Paul Schwab, Tables A-7, A-9, A-10, A-14, 


and A-15, 


force structure in which sectors with high 
turnover in all economies are relatively 
important. In the remainder of this sec- 
tion, these alternative possibilities will be 
assessed. 

It is clear from the data in Table 2 that 
the composition of the labor force has little 
influence on the relatively high flow of new 
unemployment in the United States. In 
virtually all sectors 7, substantially ex- 
ceeds the aggregate value for Great Britain 
and Sweden, so that even if each country 
had the same industrial and occupational 
structure, J, would be relatively high in 
the United States. As it turns out, the 
actual structural differences are minor. 
Moreover, these findings cannot be “‘ex- 
plained”* by the racial heterogeneity of the 
U.S. labor force. Although the weekly rate 
of new unemployment is much higher 
among nonwhites—for males, it was re- 
sponsible for the full racial difference in 
unemployment rates in 1970—the J, for 
whites (.42 for males and .70 for females in 
1970) is still significantly above the aver- 
age rates recorded abroad.!® 


1 Data for the computations supporting these state- 
ments are from Flaim and Schwab. 


On the other hand, the data in the 
bottom panels of Table 2 indicate that 
women and teenagers are the main source 
of the relatively high J, in the United 
States. The rate of new unemployment for 
males with a primary attachment to the 
labor force is no higher than the average 
I, observed abroad. Thus, if women and 
teenagers were a relatively large propor- 
tion of the U.S. labor force, the high 
amount of turnover-related unemployment 
could be explained. However, the demo- 
graphic composition of the labor force in 
each of the countries under study is quite 
similar. During the late 1960’s, youth (14— 
24 years) constituted about 20 percent and 
females 35-40 percent of the labor force in 
each country. (See CECD, 1968.) More- 
over, the demographic differences in J, 
reflect more than the racial composition of 
the various demographic groups. If one 
assumes ‘with strong support from the 
labor force survey data) that the average 
duration of unemployment is the same for 
both races, it is possible to compute the 
probable /,, for each of the age-sex cells in 
Table 2 for an all-white labor force. But 
with this adjustment for racial hetero- 
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geneity, the aggregate J, falls by only .035 
percent of the labor force. In the absence 
of evidence that labor force structure ac- 
counts for the large flow of new unemploy- 
ment in the United States, turnover and 
labor market efficiency are examined 
below. 

There is some direct evidence that the 
turnover flows are larger in the United 
States. During the postwar years for which 
data are available, the average monthly 
separation rate was 4.3 percent in the 
United States, 2.5 percent in Sweden, and 
2.6 or 3.5 percent in Great Britain, de- 
pending on the series chosen.!® Thus, even 
if the a, 8, and y coefficients are the same 
in each country, the incidence of unem- 
ployment would have been greater in the 
United States, neglecting the unlikely pos- 
sibility that the gross labor force entry rate 
(which is not recorded in the two Euro- 
pean countries) was sufficiently lower in 
the United States to offset the higher 
separations rate. 

The reasons for the differences in turn- 
over rates are not easy to isolate. Although 
there have been predominantly qualitative 
discussions of widespread labor hoarding 
and employer paternalism in many Euro- 
pean countries and assertions that the 
United States has a “more mobile” society, 
these and a number of alternative eco- 
nomic explanations of higher American 
turnover rates cannot be tested carefully in 


16 Tor the United States and Sweden, the data cover 
the mining and manufacturing sector (see U.S. Bureau 
of Labor Statistics and Statistiska Centralbyrån). 
The lower British estimate is from the British Ministry 
of Labour series which excludes people who begin and 
end their employment within a given month, so that the 
series understates the separations rate as it would be 
measured in the United States and Sweden. The second 
British series, unpublished but compiled by the Inland 
Revenue Department, refers to the total number of 
separations within the field of pay-as-you-earn income 
tax divided by the number of jcbs in that category. 
Although the coverage of this series is therefore broader 
than the American and Swedish data, the bias, if any, 
is unclear, for it includes high turnover sectors such as 
construction along with the civil service. 
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the absence of quit and layoff data for 
European countries. On a more descriptive 
level, one would expect relatively rapid 
shifts in the structure of employmer.t de- 
mand and relatively wide annual seasonal 
fluctuations to induce relatively high turn- 
over rates. Structural shifts in demand will 
have a direct influence on layoffs as well as 
an indirect influence on the level of quits, 
for rapid structural change implies < rela- 
tively rapid obsolescence of job informa- 
tion and thus a greater expected return to 
repeated information search. 

An index of structural change was com- 
puted using employment data for nineteen 
two-digit manufacturing sectors.’” By this 
measure, the United States did experience 
more structural change than Great Britain 
and Sweden during the 1951-60 period. 
However, during the 1960’s, the same 
measure indicates that Sweden experienced 
considerably more structural change than 
either the United States or Great Britain, 
although, as Table 2 indicates the 7.8. Lu 
and separations rate were still relatively 
high during this period despite less struc- 
tural change. When the annual variance of 
monthly seasonal adjustment factors for 
unemployment is used to measure season- 
ality over the period 1956-67, the average 
annual variance is 1780 for Sweden 103 for 
the United Kingdom, and 113 for the 
United States.!§ This evidence also is not 


7 The index of structural change used in the regres- 
sions as a measure of long-run shifts in demard is 


8 ; 
B =}, | AEn — AE | a (100) 
Teel Er 
E= total employment in year t 
Fi = employment in industry z in yzar t 
AEn =the rate of change of employnent in the 
ith industry in year t 
AK, =the rate of change of employment for all 
industries 


where 


The index of structural change is computed f-om annual 
data on total employment in eight one-digi: industrial 
sectors obtained from OECD, 1964, 1968. ` 

18The numbers were computed from unpublished 
data supplied by the U.S. Bureau of Labcr Statistics 
and the OECD Statistical Office. 


124 THE AMERICAN ECONOMIC REVIEW 


MARCH 1973 


TABLE 3-——-RATE OF INCIDENCE (lu) REGRESSIONS, UNITED STATES, GREAT BRITAIN, SWEDEN 


Regres- 
Country and sion — 
Constant U 


Time Period No. 

United States 9 s57 .012 
(1957-66) (.05) (.009) 

10 -72 .015 
(.07) ( .008) 
11 13 
(.07) 

Great Britain 12 — 95 118 
(1987-67) (.14) (,045)> 
(19£7-66) 13 2% .078 

(s15) (.039) 
14 33 
(.16) 

Sweden 15 17 .075 

(1962-68) (.16) (.0346)> 
16 .20 
(.06) 


Regression Coefficients 


B a R d 
19 1.45 
0040  —.0015 67 2.78 
(.0110) (0006) 
O15 0044  —.0015 66 2.75 
‘ 0111) (.0006)* 
40 1.79 
— .046 — 0013 „47 1.45 
r 039) (.0011) 
073  —.044 — 0014 39 1.47 
(043) (.0012) 
50 2.28 
0764 42 2.26 


Sources: U.S. Department of Labor; Ministry of Labor Gazette; SCB_ 1969. 
Nole: B is an index of structural shifts in employment defined in the text; o? is the variance in monthly seasonal ad- 
justment factors; NV, is the number of unemployed. Standard errors ar2 in parentheses and dis the Durbin-Watson 


statistic. 
a Significant at 5 percent level. 
b Significant at 10 percent level. 


fully consistent with the ranking by labor 
turnover. 


2. The Cyclical Sensitivity of New 
Unemployment and New Vacancies 


In the absence of data on quit, layoff, 
and gross labor force entry rates for each 
country, the labor market efficiency pa- 
rameters cannot be directly determined. 
However, some indication of their relative 
magnitude is possible from an analysis of 
the cyclical behavior of J, and J,, which 
itself is germane to the position of the UV 
and Phillips curves. 

The cyclical sensitivity of J, is described 
by the estimates in Table 3. The regres- 
sions in Table 3 are on generally compara- 
ble annual data, although the number of 
observations is small and the degrees of 
freedom problem is particularly severe for 
Sweden. Since the rate of unemployment, 
U7, is used as a proxy for Q, direct estimates 


of the cyclical coefficients may be biased, 
because J, is a behavioral function of the 
unemplayment rate (used as a proxy for 
excess Cemand) as well as one of its deter- 
minants (see equation (2)). Therefore, 
reduced form estimates in which /, 
= f(4,.), where N, is the number of people 
unemployed longer than one week as a 
percent of the labor force, are included 
with the direct estimates in Table 3. 
Finally, both linear and non-linear rela- 
tions were tested, but the reported linear 
relations performed best. 

Regressions 9, 12, and 15 provide com- 
parable estimates when the effect of all 
other induences is assumed to be in the 
constant term.’ In Great Britain and 
Sweden zae incidence rate varies directly 
with the unemployment rate, indicating 
that charges in new unemployment are 


3? Similar 2stimates can be computed from the re- 
duced fcrm -egressions 11, 14, and 16. 
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more closely associated with changes in 
layofis than with changes in quits or labor 
force entry. In the United States, however, 
the rate of incidence is not significantly 
related to the rate of unemployment, indi- 
cating that in tight labor markets the 
decline in new unemployment associated 
with a reduction in layoffs is offset by a 
rise in the flow of new unemployment asso- 
ciated with the (increasing) voluntary 
flows of quits and labor force entrants. 

It has been suggested that with strong 
demand pressure the unemployment in- 
duced by a rising quit rate could increase 
sufficiently to generate a positively sloped 
section in a Phillips curve (see fn. 2). How- 
ever, for this result to obtain, 1) the per- 
cent of the labor force unemployed through 
“voluntary” choices, Uy, should be nega- 
tively related to the percent of the labor 
force unemployed because of layoff, Uz, 
and 2) the absolute value of the coefficients 
on Uz must be greater than unity. The 
evidence indicates that these conditions do 
not hold for the United States. A regression 
on quarterly data for the period 1967: IT 
(when these series were first published) 
through 1970: IV yields 


Uy = 1.448 + 557 U, — .373 DUMI 
(150) (.085) (.106) 


+ 156 DUM2 + .384 DUM3 
(.095) 9) 
8 


when quarterly dummies are included. 
Clearly the hypothesis fails, for the sign 
indicates that the voluntary unemploy- 
ment rate varies directly with the involun- 
tary rate. Whatever the influence of volun- 
tary turnover on the rate of new unem- 
ployment, these flows are more than offset 
by the falling average duration of unem- 
ployment in tight labor markets.” 


2 For example, the quit rate, QR, is negatively related 
to unemployed quits as a percent of the labor force, Ug. 
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The remaining regressions in Tabie 3 
were run to isolate specific noncyclical 
determinants of the incidence of urem- 
ployment. These determinants should re- 
flect variations in employment and labor 
force entry which are independent of 
movements in aggregate demand. If there 
are marked year to year changes in these 
indices which are largely independent of 
cyclical fluctuations, their influence skould 
be reflected in a time-series regression. The 
indicators of noncyclical factors affecting 
the amount of turnover during the course 
of a year are an index of changes in the 
industrial composition of demand (see fn. 
17) and the seasonal variance of unem- 
ployment over the year. 

Regressions 10 (for the United States) 
and 13 (for Great Britain) are run on this 
data. In each equation, the role of the un- 
employment rate is unchanged, although 
it is now measured with less precision in 
the case of Great Britain, and the index of 
structural change is not significant. The 
coefficients on the index of seasonality are 
negative in both cases and measured with 
considerable precision in the case of the 
United States. This is the opposite of the 
expected effect and the reason for it 1s not 
immediately clear. 

We are left with two salient differences 
between the United States and the sample 
European countries: the weekly flow of 
unemployment is relatively high and cycli- 
cally insensitive in the United Staies. 
From equation (4) it is clear that the level 
of J,, depends on the size of labor turnover 
flows and the proportion of each incurring 
some unemployment. Also, from equation 


Ug = 1.020 — .2100R — .012 DUMI 
(.103) (050 (.037) 


— 012 DUM2 + .318DUM3 R* = .76 
(.037) (.072) 


Data for this regression and the one in the text are from 
U.S. Bureau of Labor Statistics. 
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TABLE 4—~—SEPARATIONS RATE REGRESSIONS, UNITED STATES, GREAT BRITAIN, SWEDEN 


Country and Regression 
Time Period Number Constant 


United States 


(1951-66) 17 5.62 
(.31)8 
Great Britain 
(1951-66) 18 3.11 
(.17)8 
Sweden 
(1958-68) 19 3.90 
(.20)@ 


Iegression 
Caecficient 
U R? d 


—.28 57 1.10 
(.06)s 


—.19 Al . 86 
(.06)8 


—.71 .85 1.30 
(. 10) 


Sources: U.S. Bureau of Labor Statistics, 1968; Ministry of Labour Gaselle; Konjunk- 


turinstitutet. 
* Significant at the 1 percent level. 


(6) it is clear that where 


dl y 

PA < 0asin Great Britain and Sweden: 
lag’| + |p| < [By'| 

dl, 

dQ 


= Q asin the United States: 


Jag’) + he] = ley | 


Therefore, if the labor market efficiency 
parameters are the same in all countries, 
i.e., a= 8=y7, the involuntary elasticity 
must exceed the voluntary elasticity in 
European countries. 

However, this inference is contradicted 
by Table 4, which reports the results of 
regressions of the separations rate onthe 
unemployment rate. In each country, the 
coefiicient on the unemployment rate is 
negative and. measured with high preci- 
sion, indicating that quits are more sensi- 
tive to cyclical variations than layoffs. It 
is clear, therefore, that the labor market 
efficiency parameters are not equal. It is 
also clear that the relatively high U.S. 
separations rate cannot be explained by a 
relatively weak pressure of demand. Re- 
ductions in the unemployment rate to com- 
mon European levels would further in- 
crease the separations rate. The inverse 


relation between the separations rate 
(vacancy incidence rate) and the unem- 
ployment rate is strongest in Sweden, indi- 
cating that the cyclical sensitivity of quits 
relative to lavoffs is greatest there. 

If eizher the quit or layoff elasticity were 
known tor each country, the other could 
be determined from the coefficients in 
Table 4. As noted above, there is consider- 
able qualitative evidence indicating that 
layoff elasticities are relatively high in the 
United States. One indication of differ- 
ences in the cyclical variation in layoffs 
among countries is the speed with which 
employment adjusts to changes in output, 
and employment adjustment coefficients 
estimated by Frank Brechling and Peter 
O’Brien from postwar data for several] 
countries support this view. The values of 
the employment adjustment coefficient 
(.590. for the United States, .219 for the 
United Kingdom, and .285 for Sweden) 
indicate that » is two to three times 
greater in the United States. Thus the lay- 
off elasticity in the United States is two to 
three times that observed in Europe. 

If one assumes that the employment 
adjustmer.t coethicients represent the rela- 
tive size of y’ in each country, the actual 
value for each country can be determined 
if the cyclical layoff elasticity can be deter- 
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mined in any one of the countries. Direct 
estimation is possible in the United States, 
and regression of the layoff. rate on the 
unemployment rate for the period 1951-68 
yields an estimate of y'= .29, which implies 
ay’ of .11 in the United Kingdom and .13 
in Sweden. 

Once y’ is determined for each country, 
q can be inferred from the fact that the 
regression coefficients on the unemploy- 
ment rate in Table 4 should approximate 
(q’+y’). Applying this formula yields esti- 
mates of g’ of —.45 for the United States, 
—.39 for Great Britain, and —.70 for 
Sweden. Since g’ is found to be greater than 
y’, the main difference in the cyclical sensi- 
tivity of Z,, is to be found in the proportion 
of voluntary and involuntary turnover 
which incurs unemployment. For Sweden 
and Great Britain: 


(9) lag’| < |By| — ‘ve’ | 
and for the United States: 
(10) ag’ | = jey] — [ve 


Since we know that gq’ exceeds y’ for each 
country, unemployment due to quits must 
be less than unemployment due to layoffs, 
so æ <f is required. ' 

We have said very little about labor 
force entry and reentry as yet. Unfortu- 
nately, data on gross labor force flows, the 
variable of main relevance here, are scarce 
both in the United States and abroad. If 
one assumes that gross and net labor force 
flows are correlated, and there is some 
fragmentary evidence in support of this 
proposition for the United States,” then 9’ 


2 Data on gross labor force flows in the United 
States are published for the early postwar period only. 
For 1949-52, we find 


1949 1950 1951 1952 

Additions to labor force 
(LF) asa percent of LF 4.5 4.7 
Unemployment rate: 5.9 oud 


Source: U.S. Bureau of the Census. 
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should vary directly with the size of the 
labor force participation elasticity. Evi- 
dence for the three countries under study 
indicates that the labor force elasticity is 
highest in Sweden and lowest in the United 
States. (See Flanagan.) In terms of equa- 
tions (9) and (10), this result reinforces the 
conclusion that a higher fraction of volun- 
tary turnover flows in the United States 
than in Europe must incur unemployment. 

To summarize the findings of the past 
two sections, the level of the incidence of 
unemployment is higher in the United 
States in part because the underlying turn- 
over flows are higher irrespective of cycli- 
cal conditions and in part because the 
proportion of voluntary turnover flows 
incurring unemployment appears to be 
higher in the United States. It is not clear 
with the available data whether tke high 
turnover rate is due to a relatively high 
quit rate, layoff rate, or both. There is 
qualitative evidence indicating that at 
least the layoff rate is higher in the United 
States. Information on the quit rate is less 
reliable, and the particular labor market 
inefficiencies responsible for the relatively 
high proportion of voluntary turnover 
incurring unemployment are also unclear. 


3. The Duration of Unemployment 


The evidence in the preceding sections 
indicates that international variations in 
the flows of new unemployment end new 
vacancies alone imply a relatively high UV 
relation and thus Phillips curve for the 
United States. It remains to discover 
whether the influence of the flow of new 
unemployment is reinforced by the aver- 
age time spent between jobs in the sample 
countries. (Data limitations preclude study 
of the average duration of vacancies.) 
Here the distribution of unemployment by 
duration is important, for each of the 
countries complains of structural prob- 
lems, and at times the relatively high un- 
employment rates in the United States 
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have led casual observers to infer that 
these problems are relatively severe in the 
United States. If this view were correct, 
one would expect to find a relatively large 
and cyclically insensitive amount of long 
duration unemployment in the United 
States, implying that bottlenecks will be 
reached relatively early in an expansion 
and that the gap between actual and de- 
sired (equilibrium) employment will be 
relatively large. This view can be tested by 
observing Ua, the rate of long duration 
unemployment (i.e., the number of people 
unemployed thirteen weeks or more as a 
proportion of the labor force, except in the 
United States where published data are for 
fifteen weeks and over), and by estimating 
its cyclical sensitivity. 

During the postwar period, long dura- 
tion unemployment as a proportion of total 
unemployment has varied from 12 to 32 
percent in the United States, 25 to 40 per- 
cent in Great Britain, and 11 to 22 percent 
in Sweden. Over the same period U4, the 
rate of long duration unemployment has 
ranged between .33 and 2.14 percent in the 
United States, .48 and 1.43 in Great Brit- 
ain, and from .30 to .62 in Sweden.** The 
width of the range is dictated by the am- 
plitude of cyclical fluctuations and the 
cyclicel sensitivity of long-term unemploy- 
ment, but the minimum levels of the long 
duration unemployment rate do not indi- 
cate that the United States has a relatively 
difficult structural problem. But given the 
different flows of new unemployment, the 
lowest American long duration unemploy- 
ment rates—.33 in 1953, .37 in 1952, and 
.48 in 1951—occurred in years when the 
aggregate unemployment rates were twice 
as large as rates commonly experienced in 
Sweden and Great Britain. 

The cyclical behavior may be studied by 


2 Data are from Manpower Report of the President, 
Ministry of Labour Gazette, and Statistiska Central- 
byrån. All data adjusted to U.S. definitions by proce- 
dures described in Flanagan, Appendix A. 
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estimating the coefficients of the following 
equation: 


(11) Ua = ao + aU, + tUi + ast + 


in which Uz is the rate of long duration 
unemployment, U is the aggregate unem- 
ployment raze, t is the time trend, and e 
is the error term. The cyclical sensitivity 
of the long duration unemployment rate 
will be reflected in a; and ad, while az will 
indicate whether there has been secular 
change in tke long duration rate, apart 
from cyclical influences. Since the current 
rate of long duration unemployment is the 
result of past as well as current labor mar- 
ket conditions, the lagged unemployment 
rate can also be introduced. (Also, reduced 
form estimates can be computed from 
regressions of Ua cn (U—U,) and t.) 

The parameters of equation (11) were 
estimated from annual data for the United 
States and Great Britain and from quar- 
terly data for Sweden (where the only 
comparable and consistent series provide 
only eight annual observations). For the 
United States and Great Britain, both the 
structural and reduced form equations 
were estimatel, and the results are pro- 
vided in. Table 5. For Sweden, the use of 
quarterly data enabled a more precise iso- 
lation of the lagged response of long dura- 
tion unemployment to changing labor 
market conditions. The results of several 
experiments indicated that a lag of one 
quarter was optimal. This equation, which 
includes the seasonal dummies D1, D2, and 
D3, appears as -egression 28 in Table 5. 

There are two findings of interest. The 
first is that the cyclical sensitivity in the 
long duration unemployment rate is great- 
estin the United States (see regressions 20, 
24, and 28). This conclusion stands from 
both the direct and reduced form estima- 
tion of a. The estimate of a for the United 
States computed from regression 22 is .45 
(the direct estimate in regression 20 is .46), 
and the reduced form estimate for Great 
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TABLE 5—RESULTS OF DURATION REGRESSIONS, UNITED STATES, GREAT BRITAIN, SWEDEN 











Regres- ay tz &3 
Country and sion 
Time Period No. Constant dy» ae a3 I-a, 1i-a 1— a Re d 
United States 
(1950-68) 20 —1.08  .46 ~~ ,0008 .97 2.47 
(.02)s (.0044) 
21 —1.15 .45 .032 — 0013 OF =.30 
(.03)8 (.022) (.0040) 
22 —1,86 82 — ,0009 .90 233 
(.06)8 (.0076) 
23 —2.07 Bye) .10 — .0008 92 2.06 
(.07)* (.07) (.0073) 
Great Britain 
(1951-67) 24 —~.37 4 .013 93 1,48 
(.046)5 (.005}¢ 
25 —.67 37 .16 .008 .98 1.92 
(.02)8 (.03)8 (.003)» 
26 — 41 56 .026 81 1.42 
(.12) (008) 
27 — 48 .52 .094 .023 .83 1.43 
(.12)8  (.077) (.008)® 
Sweden 
(1962:]-68:IV) 28 056 .22 .004 — ,002 —.017 —.109 72 1.66 
(.05)®  (.022)4  (.048) (.049) (.048)° 


Sources: See text and sources listed for Table 4. 
a Significant at 1 percent level. 
b Significant at 2 percent level. 
e Significant at 5 percent level. 
d Significant at 10 percent level. 


Britain is .36 (compared with the direct 
estimate of .41). 

The regressions imply that with an 
aggregate unemployment rate of 4 percent 
in each country, the corresponding rates of 
long duration unemployment would be .76 
in the United States, .94 in Sweden, and 
1.27 in Great Britain. Therefore, the evi- 
dence favors the conclusion that the rela- 
tively high extreme rates of long duration 
unemployment which have been observed 
in the postwar United States are indicative 
of loose labor markets rather than of rela- 
tively severe structural problems. 

Secondly, while there is no discernible 
time trend in the United States, evidence 
of a secular increase in the rate of long- 
term unemployment appears in the British 
and Swedish regressions. The coefficients 


é 


on the time trend in the latter countnes are 
measured very precisely, and are reletively 
insensitive to the structural or reduced 
form specification. 

To summarize, in each of the three 
sample countries there are structural prob- 
lems. The literature of economic pclicy in 
each country is replete with references to 
“the regional problem,” inflexible wage 
structures, and skill bottlenecks wken un- 
employment is high. However, the analysis 
indicates that structural unemployment 
(as measured by the rate of long duration 
unemployment) is not relatively severe in 
the United States, so that the American 
UV relation is neither relatively st2ep nor 
displaced relatively far from the origin 
because of structural problems. These gen- 
eral conclusions are supported by the data 
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for sectors of the U.S. labor force which are 
often viewed as important sources of struc- 
tural unemployment as defined above.” 
For example, the share of the aged, non- 
whites and blue-collar workers in long 
duration unemployment declined between 
1961 and 1969 as the aggregate unemploy- 
mert rate fell from 6.7 to 3.5 percent, 
whereas the share of white-collar and ser- 
vice workers increased. The share of teen- 
agers did increase over this period to 18 
percent of the long duration unemployed. 
However, most teenager unemployment 
was of shorter duration—almost one-third 
of all unemployment of less than five weeks 
occurred among members of this age 
group. Since most of this short-term un- 
employment is experienced by labor force 
entrants and re-entrants this group may 
have an important impact on the cyclical 
stability of the J, statistic, although it is 
not evident at this time that this unem- 
ployment reflects normal allocative fric- 
tions.*4 


IV. Conclusion 


The results reported in this paper con- 
firm that the U.S. Phillips curve presents 
a less favorable tradeoff for monetary and 
fiscal policies than wage inflation-unem- 
ployment relations observed abroad. 
Neither the autonomous influence of insti- 
tutions on wages nor the influence of ex- 
pected price changes are important ex- 
planations of the relative position of the 
U.S. curve during the postwar period. In- 
stead, the U.S. tradeoff reflects the fact 
that the United States exhibits the most 
incomplete adjustment of supply and de- 
mand in the labor market. Moreover, 
labor market maladjustment apparently 
increased, inducing an even poorer trade- 
off, during 1967~70. However, the rela- 
tively poor adjustment is not due to rela- 


23 Data in this paragraph are from Manpower Report 
of the President, pp, 225-28. 
* For other evidence on this observation, see Hall. 
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tively severe immobilities in the United 
States, but reflects a relatively high rate of 
separations and labor force entry along 
with the associated unemployment. The 
reasons for the relatively high gross turn- 
over flows in the United States are as yet 
not well understocd, and the traditional 
presumption that turnover is a by-product 
of allocational efficiency may be particu- 
larly qualified by more thorough analysis 
of racial differences in gross flows. 

These findings have some implications 
for labor market policies, which have gen- 
erally been designed to narrow the gap 
between the vacancy and unemployment 
rates by reducing the average duration of 
unemployment or vacancies. To the ex- 
tent that these programs are successful, 
they will shift a properly measured Phillips 
curve. However, in pursuing these pro- 
grams, it should be recognized that they 
do not generally treat the main source of 
observed international differences in Phil- 
lips curves—the factors responsible for the 
high incidence of unemployment and 
vacancies in the United States at every 
rate of excess demand—except to the ex- 
tent that they reduce the percentage of 
quits, layoffs, and labor force entrants 
which incur unemployment. 
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Required Disclosure and the Stock 
Market: An Evaluation of the 
Securities Exchange 
Act of 1934 


By GEORGE J. BENSTON* 


The Securities Exchange Act of 1934 
was one of the earliest and, some believe, 
one of the most successful laws enacted 
by the New Deal. The stock market crash 
in 1929 and the Great Depression pro- 
vided the impetus for reform of the stock 
markets in the belief that weaknesses of 
the institutions and ineptitude and/or 
chicanery among brokers and bankers were 
partially responsible for the losses in- 
curred by stockholders. Although many 
critics, reformers and congressmen wanted 
_ Congress to enact “blue skies” legislation 
that would require all securities sold and 
traded to be approved by the federal 
government, President Franklin Roosevelt 
preferred the concept of “disclosure” (see 
Francis Wheat (1967)). Rather than hav- 
ing the government approve or disapprove 
securities, corporations whose securities 
are publicly sold and traded are required 
to disclose a large amount of predomi- 
nantly financial information to the Securi- 
ties and Exchange Commission (SEC) who 
make these data available to the public. 
Indeed, the Securities Exchange Act is de- 
scribed in its title and usually referred to 
as a ‘‘disclosure statute.” 

Although the financial community gen- 
erally opposed this legislation and the 
preceding Securities Act of 1933,' most 


* Professor, Graduate School of Management and 


Center for Research in Government Policy and 
Business, University of Rochester, Thanks are due to 
Robert Hagerman and Stanley Engerman for their 
criticisms, some of which I agree with. 

1 A recent history by Ralph DeBedts reviews these 
events uncritically. 
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brokers, investors and government of- 
ficials probably would find it difficult to 
conceive of the successful operation of the 
stock markets without the Securities 
Acts. Yet the economic rationale for the 
regulation of the securities markets was not 
examined carefully before the legislation 
was passed {which is not surprising, given 
turkulent times) nor has it been since,? 
even though the Securities Act of 1934 
was extended in 1964 to include most 
corporations whose stock is publicly 
ownd. Such an examination of one im- 
portant part of the law—the financial dis- 
closure requirements—is presented here. 
This analysis is particularly timely because 
the SEC appears to be shifting its em- 
phasis towards increasing the disclosure 
requ.rements of almost all corporations 
whose stock is traded in the markets.’ 


2 George Stigler (1964a, b) and Irwin Friend and 
Edward Herman provide the first quantitative analysis 
of the Securities Act of 1933 of which I am aware. The 
only other analyses are in two papers which I published 
in 1966. 

3 A rather detailed “Report and Recommendations to 
the Securities and Exchange Commission” from the 
Disclosure Policy Study Leaded by Wheat recommends: 


... thet for the future, greater attention be paid to 
those continuing disclosures which benefit the trading 
markets in securities. Prior to 1964 the continuing dis- 
closure reached only those issues whose securities were 
listed cn 2xchanges and those which had voluntarily 
registered securities under the ’33 Act. Full exercise of 
that authority might have deterred listing. This is no 
longer the case, and a serious impediment to progress in 
disclasure policy has been removed. [Wheat Report, p. 
11] 
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I. The Disclosure Requirements of the 
- Securities Exchange Act of 1934 


The 734 Act requires that a corporation 
whose stock is traded on a registered stock 
exchange or who registered a stock issue: 


a) file detailed balance sheets, income 
statements, and supporting substate- 
ments (form 10K) within 120 days after 
the close of its fiscal year; 

b) file a much less detailed semiannual 
report (form 9K) within 45 days after the 
first half of the fiscal year; 

c) file a “current report” (form 8K) 10 
days after the end of any month in which 
certain “significant” events occurred (such 
as a change of control of the corporation, 
material legal proceedings undertaken, 
material change of securities outstanding, 
and revaluation of assets). 


In 1964, the disclosure requirements were 
extended to almost all corporations with 
at least 500 stockholders or $1 million in 
assets. (Exceptions are regulated com- 
panies whose statements were prescribed, 
such as banks and insurance companies). 
Thus, all but the smallest corporations 
now are covered by the Act. 

Section 13(b) of the 734 Act (and sec- 
tion 19(a) of the ’33 Act) gives the SEC 
the power to prescribe the form and con- 
tent of the financial statements filed under 
the Act. In general, the SEC has followed 
generally accepted accounting procedures, 
although it has influenced these proce- 
_ dures by insisting that assets not be re- 
valued upward, goodwill be amortized 
rapidly, and other “conservative” biases 
be reinforced. In this regard, the SEC has 
not followed the “‘disclosure rather than 
approval” philosophy of the Securities 
Exchange Act. This policy was established 
by Accounting Series Release No. 4 in 
1938, which states that 

... where financial statements filed... 


are prepared in accordance with ac- 
counting principles for which there is no 
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substantial authoritative support, such 
financial statements will be presumed to 
be misleading or inaccurate despite dis- 
closures contained in the certificate of 
the accountant or in footnotes to the 
statements provided the matters in- 
volved are material. (italics added.) 


Whether disclosure, as defined and re- 
quired by the SEC, has been meaningful 
and beneficial, is the question asked here— 
not whether disclosure, as such, is good 
or bad.‘ 


II. The Rationale Underlying 
the Legislation 


It would seem that any argumert 
against disclosure is equivalent to an argu- 
ment for secrecy. But such is not the case. 
Prior to the passage of the Securities Ex- 
change Act, corporations could disclose 
what they wished to their current and po- 
tential stockholders and, if they were 
listed on the New York Stock Exchange 
(NYSE), American, Chicago (Midwest), 
or other regional exchanges, had to sub- 
mit balance sheets and income statements 
to the Exchange. For the year ended De- 
cember 31, 1933, all NYSE corporations 
were audited by CPA firms, all listed cur- 
rent assets and liabilities in their balance 
sheets, 62 percent gave their sales, 54 per- 
cent the cost of goods sold, and 93 percent 
disclosed the amount of depreciation ex- 
pense. These percentages had been increas- 
ing fairly steadily prior to 1933, although 
there was little change after 1928. (See 
Benston (1969b), p. 519.) One could argue 
(as did the NYSE), that the legislation 
was not needed. 

One could also argue that the disclosure 
policy followed by corporations in the 
absence of legislation is in the best interests 


4 The possible detremental effect of the SEC’s defi- 
nition of disclosure on the development o? improved 
and innovative accounting procedure has been argued 
elsewhere (Benston, 1969b). While the issue is impor- 
tant to the question of the efficient operation of securities 
market, it is not emphasized in this paper. 
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of their stockholders. If management be- 
lieved that the marginal revenue to the 
stockholders as a group from disclosure 
would exceed the marginal cost of pre- 
paring and supplying theinformation, they 
would disclose their financial and other 
data. The marginal revenue might include 
the savings to stockholders of not having 
to gather the data privately, the reduced 
cost of capital to the firm if prospective 
stockholders’ uncertainty about the firm 
were reduced, improvement in the mar- 
ketability of the firms’ shares if investors 
desired financial information, etc. The 
marginal costs of disclosure might include 
the cost of preparing and distributing the 
statements, the costs incurred in informing 
competitors, suppliers, customers, and 
government officials, and the cost of mis- 
informing stockholders when accounting 
statements report economic events in- 
correctly or inadequately (as when all re- 
search and development and advertising 
expenditures are charged to expense cur- 
rently). 

However, management might not issue 
financial statements (or might issue in- 
complete statements) if they underes- 
timate the value of these statements to 
their current or potential investors, mis- 
manage the corporation, intend to de- 
fraud investors, or if there are positive 
externalities in the efficient allocation of 
resources when all (or most) companies 
disclose financial data. Thus, one cannot 
immediately dismiss the argument that 
there is need for required disclosure solely 
by reference to the invisible hand of the 
market. Rather the question must be ex- 
amined with respect to the rationale upon 
which the Securities Exchange Act of 
1934 is based. 

Underlying the disclosure requirements 
of the ’34 Act is the belief that required 
disclosure of financial data is necessary 
for the fair and efficient operation of cap- 
ital markets. The SEC’s 1969 Wheat Re- 
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port (and most other writings on the sub- 
ject} view disclosure as necessary to 1) 
prevent financial manipulation and 2) 
prcvide investors and speculators with 
enctgh information to enable them to ar- 
rive at their own rational decisions. 
(Wneat Report, p. 10.)° Perhaps even 
more important is the concept of “fair- 
ness,’’ the belief that all investors, big and 
small, insiders and outsiders, should have 
equal access to relevant information. 
Whether these objectives can be achieved, 
a pricri, by disclosure of financial data, 
and if they can, whether or not the evi- 
dence supports or rejects the hypothesis 
that they were, is considered in the balance 
of the paper. To facilitate the presentation 
of the material, fraud and manipulation 
is discussed first in Section III, followed 
by en empirical analysis of information 
and -mvestors’ decisions in Section IV, and 
the effects of the 34 Act on traded se- 
curit_es in Section V, on losses by stock- 
holders in Section VI, and on investors’ 
confidence in the market in Section VII. 


III. Fraud and Manipulation 


Freud and manipulation may be of two 
different types with respect to disclosure. 
Published statements may contain false 
or misleading data or desired data may 
not be published at all but may be re- 
leasec in the form cf news stories, rumors, 
etc., 10 manipulate the public’s expecta- 
tions and so affect stock prices. These are 
discussed in turn. 

It is very difficult to determine whether 
the *34 Act prevented the publication of 


5 Also mentioned is “... the belief that appropriate 
publicity tends to deter questionable practices and to 
elevate standards of business conduct” (p. 10). These 
goals are inherently nonoperational, except as they re- 
fer to the prevention of fraud and manipulation, which 
is discussed below, or perhaps to insider stock dealings, 
which is 297 affected by the disclosure of financial data 
and hence is outside the scope of this paper. However, 
see Henry Manne for one view contrary to the SEC’s 
position. 
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fraudulent or misleading financial state- 
ments or even whether much fraud existed 
to any greater extent before or after the 
passage of the Act. In a situation of per- 
sonal fraud by self-dealing or simple de- 
falcation, required disclosure is of little 
value. Certified Public Accountants insist 
they they do not audit explicitly for fraud 
nor does the SEC ask them to do this, al- 
though I believe a good case could be 
made for this requirement. With respect to 
fraudulently prepared financial state- 
ments, I have reviewed such evidence as 
exists in another article (Benston (1969a), 
pp. 51-55). A search of the available lit- 
erature, including the Senate and House 
hearings on the proposed securities legis- 
lation, fails to reveal much evidence of 
fraud in the'preparation or dissemination 
of financial statements prior to 1934. For 
example, Wiley Rich, the author of a com- 
prehensive survey of the legal responsi- 
bilities of accountants, states that “An 
extensive search has revealed not a single 
American case in which a public accoun- 
tant has been held liable in a crime for 
fraud” (p. 100). It appears that the feeling 
in the early 1930’s that published ac- 
counting statements were fraudulent or 
misleading was based on the “exposés” of 
William Ripley and others of the behavior 
of some large corporations at the turn of 
the century. Further, the recent BarChris, 
Yale Transport, Green Department Store, 
Continental Vending, and other cases 
show that fraud in financial statements, 
while relatively rare, has not been ban- 
ished from the land. 

The lack of evidence on fraudulent 
financial statements does not imply that 
published financial statements were or 
were not misleading. Prior to the passage 
of the Securities Act, it was very difficult 
for third parties, such as prospective 
stockholders, to sue accounting firms for 
negligently prepared financial statements. 
The courts held, under the rule of privity, 
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that these reports were prepared for man- 
agement only. (See Landell v. Lybrand.) 
However, accountants were (and still 
are) liable for fraud “ .. .if their audit 
has been so negligent as to justify a frding 
that they had no genuine belief in its 
adequacy for this again is fraud.” (See 
Ultramares Corp. v. Touche, Niver and 
Co. N.Y. p. 185, N.E. p. 488.) Thz Se- 
curities Act changed accountants’ liability 
dramatically, and now an investor may 
sue an accountant if, having relied on 
false or misleading statements, he ‘‘shall 
have purchased or sold a security at a 
price which was affected by such state- 
ment” (Section 18). It is important to 
note that the accountant must prov2 that 
the investor’s loss was not a consecuence 
of the financial statements rather than 
that the investor prove that he actually 
was misled by or even saw the statements. 
In contrast to the lawmakers’ expecta- 
tions, an important consequence of this 
change in the law and of the SHC’s ad- 
ministration of the Acts appears to be that 
financial statements are more miskeading 
than they were. The considerable lability 
of accountants under Section 18 has con- 
tributed to accountants followinz con- 
servative, often worthless practice, since 
it is difficult to sue them successfully for 
preparing misleading statements if they 
follow traditional procedures. In addition, 
the SEC has insisted on historically based 
accounting, discouraging price level and 
other revaluation of assets and liebilities, 
refusing to permit publication of sales 
and income projections and other valuable 
economic data, etc. Thus published finan- 
cial statements are more misleading than 
they otherwise might have been. Although 
accountants might not have made much 
progress in reporting the economic position 
and progress of corporations hed there 
been no Securities Act, there is no em- 
pirical or a priori basis for an assertion 
that the ’34 Act has had a net positive 
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effect on the publication of fraudulent or 
misleading financial statements. 

While there is little direct evidence that 
corporate managers issued fraudulent 
financial statements, they may have re- 
fused to disclose information to create a 
climate in which they could manipulate 
stock prices by means of “pools” and 
“bear raids.” At least such is the opinion 
of the SEC. In their booklet, A 25 Vear 
Summary of the Activities of the Securities 
and Exchange Commission, 1934-1959, 
they say these practices 

... resulted in a situation in which no 

one could be sure that market prices for 

securities bore any reasonable relation 

to intrinsic values or reflected the im- 

personal forces of supply and demand. 

In fact, the investigation record demon- 

strated that during 1929 the prices of 

over 100 stocks on the New York Stock 

Exchange were subject to manipulation 

by massive pool operations. One of the 

principal contributing factors to the suc- 
cess of the manipulator was the inability 
of investors and their advisers to obtain 
reliable financial and other information 
upon which to evaluate securities.... 


[pp. xv—xvi] 


To test this assertion, the financial 
statements (as published in Moody's In- 
‘vestors Services) of those over 100 corpora- 
tions whose securities were subject to 
pools, as revealed by the Senate Com- 
mittee on Banking and Currency, were 
examined for years before, during, and 
after the pools. Table 1 gives the per- 
centage that disclosed such important in- 
formation as sales and cost of goods sold. 
(All except 4 corporations included in the 
1929 pools and 2 included in the 1930 
pools had otherwise complete balance 
sheets and income statements published 
in Moody’s.) The percentages with respect 
to sales were almost the same as those 
found for all companies listed on the New 
York Stock Exchange and a little lower 
with respect to cost of goods sold. Thus, 
while “pools” and “bear raids?” may or 
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may not have been unfair to investors, it 
is clear that their operations (successful 
or not) owed little to the nondisclosure of 
accounting data. 


IV. Information and Rational Decisions 
of Investors and Speculators 


The second rationale for the disclosure 
requirements is to allow “investors [to] 
make a realistic appraisal of the merits of 
securities and thus exercise an informed 
judgment in determining whether to pur- 


TasBle 1—Disciosure or FINANCIAL DATA BY 
CORPORATIONS V/HOSE SECURITIES WERE 
SUBJECT TO POOLS 


Percentage Disclosing* 
Statement Cost of 
Pool Year ~ Year Sales Goods Sold 
1929 Foals 1927 58 47 
(103 corporations)> 1928 58 48 
1929 61 50 
1930 60 52 
1930 Pools 1928 70 50 
(30 cornpanies)¢ 1929 70 53 
1630 70 60 
1931 63 70 
1931 Pools 1929 67 50 
(6 companies) 1930 67 50 
1931 67 50 
1932 33 50 
1932 Pcols 1930 100 100 
(2 companies) 1931 100 100 
1932 50 100 
1933 50 100 
1933 Pools 1941 67 42 
(12 companies)d 1932 67 42 
1933 67 42 


Source: Pools: U.S, Senate Committee on Banking and 
Currency, part 17, pp. 7948-50, Financial Data: 
Moody's Ivaestors Service, various years. 

2 Corporations whose statements were not in 
Moody's (4 of the 1929 pools and 2 of the 1930 pools) 
are included as “nondisclosure.” 

b Number of securities= 105; 2 securities of two cor- 
porations were listed 

© Number of securities=31; 2 securities of one corpo- 
ration were listed 

a Number of securities=13; 2 securities of one cor- 
poration were listed 
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chase them” (Securities Exchange Com- , 


mission, 1967, p. 1). This rationale is 
based on a belief that the data required by 
the SEC are “information.” That is, the 
financial statements must provide data 
about a corporation that affect investors’ 
expectations about its future prospects 
and relative riskiness and that were not 
previously known, such that the informa- 
tion was completely discounted and im- 
pounded in the market price of the securi- 
ties before the time of disclosure. 

There is serious question whether the 
financial data approved by the SEC can 
provide the investor with information. 
The SEC does not allow current market 
valuation of assets, estimates of future 
sales or projection of the effects of dis- 
coveries, favorable regulatory rulings, 
public acceptance of new products and 
other economic events. Additionally, the 
present value of many important occur- 
rences such as management changes, 
styling, advertising campaigns and other 
marketing strategies, changes in the com- 
petitive environment, and the like cannot 
be estimated very well even if the SEC 
allowed accountants or others to publish 
their efforts. While this information need 
not come to the public through the finan- 
cial statements, the SECs requirement 
that these statements be prepared in a 
specified form implies that they include 
some relevant quantitative financial in- 
formation. 

But even if financial statements do con- 
tain information that is of value to in- 
vestors, the data may not be made avail- 
able to the public before insiders (includ- 
ing bookkeepers, secretaries, accountants, 
typists, and printers) see and take ad- 
vantage of them. In requiring the filing 
of financial statements, the SEC is caught 
in a choice between speed and accuracy 
(in the sense of reporting to the letter of 
‘the formal and informal regulations), a 
choice which is resolved in favor of ac- 
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curacy. As is noted above, the annual re- 
ports (10K) need not be filed with the SEC 
until 120 days after the close of a corp- 
oration’s fiscal year. Whether the state- 
ments that have been filed are meaningful 
to investors and sufficiently timely to be of 
value is, of course, an empirical question, 
to which I now turn. - 


A. The Information Content of Published 
Financial Data—Financial Siatements 
and Stock Prices 


If the SEC’s disclosure requirements are 
meaningful, the statements they require 
should contain information, and thus in- 
vestors’ expectations about a corporation’s 
earnings and prospects, riskiness, rela- 
tionship to other firms, etc., should be af- 
fected by the information. Since numerous 
studies show that the market adjusts 
rapidly to new information,® the effect, if 
any, of previously unexpected data pub- 
lished in the financial reports of a cor- 
poration (7) should be reflected in changes 
in its stock prices (AP) in the period t 
when these unexpected financial data 
(F$) become publicly available. Other 
factors also may occur during the same 
period and must be accounted for. Prin- 
cipal among these are changes in general 
market conditions (AM), changes in ex- 
pected dividend payments (which often 
are announced at the same time that 
earnings data are announced) (AD ,), 
and changes specific to the corporation’s 
industry (AZx}. In summary, 


(1) AP i ig KE AM,, AD, Alt, Ui) 


where Up are other unspecified factors. 
This model was specified and tested, and 
the results were reported in a paper I pub- 
lished in 1967. They are summarized very 
briefly here. The specified model whose 
description follows was used for these 
tests, used in another study reviewed be- 


6 See Eugene Fama for a summary and review. 
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low (Ray Ball and Phillip Brown), and 
in further tests described below in Sec- 
tion V. 

A two-stage estimating procedure was 
used that is based on a “market model” 
originally suggested by Markowitz and 
first applied in a context similar to the 
present study by Eugene Fama et al. 


(2) Fa = ay + Byres + ijz 


where F; is the rate of return for security 
j for month t (defined as In((Pa+Di)/ 
Py.) where Pa is adjusted for stock 
dividends and splits and D; is dividend 
payments declared); ra, is a similarly 
measured rate of return on a market index 
M; œ; and b; are parameters that can vary 
from security to security; and t; is a 
random disturbance.’ Tests applied by 
Fama et al., and Marshall Blume (1968, 
1970) indicate that equation (2) “... is 
well specified as a linear regression model 
in that (i) the estimated parameters a; 
and 8; remain fairly constant over long 
periods of time [e.g., the entire post- 
World War II period in the case of Blume], 
(ii) rar, and the estimated f; are close to 
' serially independent, and (iii) the f; seem 
to be independent of rm,” (Fama, p. 403). 
The E(a#;.|F%) may not=0. This is what 
was tested. ) 
Equation (2) was applied in my 1967 
paper to a sample of 483 companies traded 
on the New York Stock Exchange in 1964 
(the latest year data were available at the 
time of the study). These included almost 
all NFSE traded companies from whom 
annual and quarterly financial data were 
available on the Compustat tapes. The 
statistics &; and 6; were computed from 
data that excluded months when the 
financial statements were made public. 
These statistics were then “plugged” into 
equation (2a) to compute the residuals, 
Úa, for the months when the financial 


7 Fama shows that this model is consistent with the 
Sharpe-Markowitz expected return model. 
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data were published: 
(2a; Pi ai &; = RESTA = Hjir 


The #2; computed with equation (2a) were 
regressed on estimated unexpected finan- 
ciai data, unexpected dividends, and 
variables that accounted for industry ef- 
fects. 

An expectation model had to be specified 
in ccder to estimate the unexpected finan- 
cial data (F$). Since the SHC’s regula- 
tions require disclosure of accounting — 
statements for prior periods as well as the 
present period,’ expected financial data 
were taken to be a function of previously 
publ'shed data. Three averages of past 
data (a weighted average with geo- 
metrically declining weights determined 
by a variant of the Koyck transformation, 
and simple averages of three and five 
years’ data) and a naive model (previous 
year’s data) were used. Unexpected finan- 
cial data F, then, is measured by the 
difference between the reported and the ex- 
pected data. Although the SEC did not 
requize companies to report their quarterly 
data until recently, such data were re- 
quired by the NYSE. Since investors’ ex- 
pecta*ions would be affected by these re- 
ports, their effect is estimated by includ- 
ing trird quarter financial data in the re- 
gressions In forms analogous to those used 
for the annual data.’ 

Since it is not clear which specific finan- 
cial data investors use, the financial vari- 
ables were defined alternatively as sales, 
cash flow net income, current operating 
income, and net income after extraor- 


8 The SEC requires that companies who float a stock 
issue under the provisions of the Securities Act of 1933 
publish et least five years of comparative data, three of 
which rust be certified by an independent certified 
public accountart. 

9 Ther2 is some possibility that these third quarter 
data cold be collinear with the annual data, which 
might reduce the significance of the measured coeffi- 
cients, I em indebted to Ross Watts for pointing out this 
possible error. 
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dinary gains and losses. Thus sixteen re- 
gressions were computed for the month 
when the financial data were sent to the 
SEC and stockholders (four expectations 
models and four definitions of income). 
The regressions reveal that, except for 
the sales definition of financial data, none 
of the financial data variables in any of 
the expectations forms has a greater than 
minimal economic relationship to changes 
in stock prices, although the coefficients 
estimated are statistically significant. On 
the average, a 100 percent unexpected in- 
crease (or decrease) in the rate of change 
of income is associated with a 2 percent 
increase (or decrease) in the rate of 
change of stock prices in the month of 
announcement. Similar regressions were 
computed for the month when earnings 
were announced (which usually is a month 
before the SEC receives them), and similar 
results were found. The findings are not 
very dependent on the form of the ex- 
pectations model used, although the naive 
model, where last year’s rate of change is 
expected this year (a sort of “no-expecta- 
tions” model), performed the best. This 
finding is contrary to the SEC’s require- 
ment that companies provide comparative 
data for several past years. Thus, I con- 
clude that this evidence is not consistent 
with the underlying assumption of the 
legislation, that the financial data made 
public are timely or relevant, on average. 
Corroborative findings are reported by 
Ball and Brown, whose study used a 
variant of the model described above in 
equation (2). Their sample consists of 261 
firms who reported on an annual basis. 
For most of these firms, data were avail- 
able in the period 1946 through 1968 on 
the Compustat tapes. Ball and Brown con- 
sidered each firm’s year as an independent 
observation. They separated the data into 
two samples, one consisting of years in 
which income increased and the other 
of years in which income decreased un- 
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expectedly, as determined from an ex- 
pectation model in which a firm’s expected 
income is a function of the income re- 
ported by the other firms. However, they 
did not account for dividend changes or 
for the information content of quarterly 
reports. Ball and Brown found that cumu- 
latively, over a year, firms that show 
greater (or lesser) than expected income 
changes averaged greater (or lesser) than 
normal stock price returns. However, they 
calculate that “...of the value of in- 
formation contained in reported income 
no more than 10 to 15 percent .. . has not 
been anticipated by the month of the 
[preliminary] report...’ and compute 
that the marginal monthly rate of return 
of buying or selling short a portfolio of 
stock based on the information contained 
in the preliminary report is less than 1 
percent (pp. 175-76). By the time of the 
final (SHC-required) report, there is almost 
no information that has not already been 
impounded in the price of the stock. 
Another study of interest was made by 
William Beaver, who measured the volume 
of trading in the weeks before and after 
the announcement of preliminary earn- 
ings. He analyzed weekly price and vol- 
ume for a sample of 143 firms (those in- 
cluded on the Compustat tape, traded on 
the NYSE, with other than December 31 
fiscal years, with no dividends announced 
in the same week as the announcement, 
no stock splits in the quarters around that 
date, and with relatively few other “an- 
nouncements”). A model similar to that 
given in equation (2) was used to abstract 
from market effects. Beaver found that 
the variance, average volume, and residual 
positive or negative return are much 
greater in the week that the preliminary 
reports are announced (without regard to 
the sign or magnitude of the earnings) than 
in the previous or following eight weeks. 
Further, the greater than normal activity 
appears to continue for about two to 
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three weeks after the announcement date, 
but with a considerably smaller magni- 
tude. Contrary to the other studies, 
Beaver’s results seem to indicate that 
financial statements do contain informa- 
tion or are at least used in some way. One 
interpretation is that investors use the 
announcements of preliminary earnings to 
switch their portfolios. Another is that 
brokers use the earnings reports as an 
excuse for “churning.” A third explana- 
tion, one consistent with the findings of 
Robert Hagerman on the effect of requir- 
ing commercial banks to report earnings 
to the public in forms specified by regula- 
tory agencies, is that while financial state- 
ments, as such, provide information, re- 
quired reporting adds nothing. (Recall 
that all VYSE companies published some 
form of statement before passage of the 
734 Act.) 

One other study has been published 
that considers directly the usefulness of 
published annual financial statements in 
purchasing securities. Richard McEnally 
tested the value of using low price/earn- 
ings (P/E) ratios to choose portfolios of 
stocks. He used a randomly selected 
sample of 100 calendar-year stocks from 
which five portfolios of 20 stocks each 
were chosen for each of five years, 1961- 
65. High or low P/E ratios were the basis 
for forming portfolios. The stocks are as- 
sumed to be purchased on April 1 and held 
for a year. When the earnings used in the 
P/E ratio were those of the previous year 
(Es), the portfolio with the lowest 
P/E: outperformed the others slightly 
in terms of mean return, there being little 
difference among the other four port- 
folios.? McEnally then used the ratio of 


10 The geometric mean return for the lowest P/Et_1 
portfolio is 1.20 compared to the average of all port- 
folios of 1.15. No significance tests were made. How- 
ever, McEnally reports that “Simple correlation coeffi- 
cients between P/E- and the next year’s holding pe- 
riod return for these five holding periods . . . cast doubt 
on the validity of any relationship” (p. 30). 
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price to earnings of the year in which 
stocks were purchased, P/E, (which as- 
sumes perfect forecast of the year’s earn- 
ings in April), to choose portfolios. Except 
for the little difference between the third 
and fourth groups, the portfolios so chosen 
provided consistently higher holding pe- 
riod returns according to the P/E cri- 
terion. Since market participants do not 
have perfect knowledge of the year’s earn- 
ings, McEnally used the earnings fore- 
casts cf the three most popular advisory 
services of the P/E ratios. The results 
were almost the same as those reported 
for published earnings. Thus the research 
is consistent with Ball and Brown’s study 
in that financial statement data seems to 
reflect the economic situation of corpora- 
tions but either are completely discounted 
by the market before they are published 
or do not predict the economic future. In 
either case, the data are not useful to in- 
vestors at the time the SEC requires dis- 
closure. 


B. Returns to Sophisticated Users 
of Financial Data 


It mey be that the studies cited above 
approach a complicated problem in too 
simple £ way. It often is claimed that the 
detailed reports required by the SEC are 
more tseful to trained analysts than to 
the ordinary stockholder. The analyst 
then pzsses on his information to his 
clients or, in any event, trades on the 
informétion, thereby bringing its effects to 
the market. No doubt information about 
firms does get to the market. But does it 
get there by means of the financial reports 
required by the SEC? 

One way to answer these questions is to 
examine whether well-trained analysts 
out-perform the market. I am aware of 
two stucies that test directly the ability 
of security analysts to use published 


financial data. John G. Cragg and Burton 


Malkiel recorded predictions made by five 
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investment firms of the earnings of 185 
corporations whose stock is widely held. 
In particular, they compared the earnings’ 
growth rate forecast by the analysts with 
the actual growth rates. They report that 
“...the remarkable conclusion of the 
present study is that the careful estimates 
of security analysts participating in our 
survey, the bases of which are not limited 
to public information, perform little better 
than the past growth rates” [the naive 
predictor, that the future will be like the 
past] (p. 83). The second study, by Lyn 
Pankoff and Robert Virgil, was a con- 
trolled, laboratory study. They allowed 
security analysts to “buy” financial state- 
ments of companies in whose stock they 
can invest. The data are actual data and 
the stock prices are those that actually 
prevailed for the stocks whose identity 
they disguised. While their study is not 
yet complete, Pankoff and Virgil found 
that analysts who use financial data (or 
any other data) do not do as well as they 
could have had they followed a ‘‘naive’’ 
buy and hold strategy. 

Several. indirect tests of the ability of 
trained analysts to use financial data 
publicly can be derived from studies of 
the performance of mutual funds and re- 
search departments of brokerage houses. 
F. E. Brown and Douglas Vickers, Wil- 
liam Sharpe, and Michael Jensen studied 
the performance of mutual funds com- 
pared to that of random selections of se- 
curities with similar risk characteristics. 
They used different techniques and all 
came to the same conclusion. Mutual 
funds do not earn for their investors a 
higher rate of return than would have 
been earned had the investors held a sim- 
ilarly diversified market portfolio, gross 
of research costs. Nor is the record of the 
research departments of brokerage houses 
any better. A study by R. E. Diefenback 
of the market performance of stocks whose 
purchase or sale was recommended by 
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twenty-four institutional research services 
found that their recommendations, if fol- 
lowed, would have yielded returns equiv- 
alent to those earned by investments in 
the Standard and Poor’s (S and P) 425 In- 
dex. Thus, even mutual fund and broker- 
age house research department analysts 
do not benefit from detailed analysis of 
SEC reports, among other data. 

Even though the evidence reviewed 
does indicate that the financial reports re- 
quired by the SEC, when made availabe, 
have almost no information content, this 
does not prove that the required disclosure 
is not valuable to investors. One might 
argue that the statements provide a cen- 
firmation of data previously released. Be- 
cause investors know that a corporation’s 
sales, operating expenses, extraordinary 
gains and losses, assets and liabilities will 
be reported, they may have some assurance 
that the preliminary reports, press re- 
leases, etc., are not prevarications. Thus 
when the financial statements are made 
public the data they contain are fully 
anticipated. But had it not been for the 
SEC’s disclosure requirements, such a state 
of affairs might not exist. It is to this con- 
sideration that I turn next. 


V. An Empirical Analysis of the Effect 
of the °34 Act on NYSE Securities 


When the Securities Exchange Act was 
enacted in June 1934, the Unitec States 
was in the midst of the Great Depression. 
Hence, it is difficult to separate the effect 
of the legislation on the stock market from 
other economic events, and the effect of 
the disclosure requirements of the Act 
from its other provisions. In addition, it 
is necessary to determine when the legisla- 
tion affected the stock market, since it 
might have been anticipated such that, 
when passed, its impact already had been 
discounted. 

Fortunately, the data and the particular 
legislative history of the °34 Act allow an 
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unusual opportunity to test the effect of 
legislation. Hearings on the ’34 Act did not 
begin until February 1934, nor was there 
mucn belief before this date by most ob- 
servers that such legislation would be en- 
acted (see Sobel). Prior to this time, it was 
not considered part of the President’s 
legislative “package.” Nevertheless, the 
bill was signed by President Roosevelt in 
June 1934 and took effect that year, al- 
though full compliance did not occur 
within the year. Therefore, I have con- 
sidered the period of adjustment to include 
February 1934 through June 1935. Thus 
there is a relatively short and distinct 
period over which the effect of the legisla- 
tion may be measured. 

The effect of the disclosure provisions of 
the Act may be tested by examining its 
differential effect on the securities of 
corporations that were and were not af- 
fected by the legislation. At the time of the 
passage of the Securities Exchange Act of 
1934, about 70 percent of stock exchange 
transactions were made on the NYSE, 13 
percent on the American (Curb) Exchange, 
1.6 percent on the Chicago (Midwest) 
Stock Exchange, and the balance on nine- 
teen other regional exchanges. The three 
principal exchanges, at least (the others 
didn’t reply to my inquiries), had similar 
rules that required listed companies to 
send certified income statements and bal- 
ance sheets to stockholders in advance of 
the annual meeting. The principal report- 
ing requirement imposed by the 734 Act, in 
addition to the filing of detailed forms, was 
the required disclosure of sales. Of the 508 
corporations whose stock was traded on 
the NYSE in 1934, 193 (38 percent) did 
not disclose their sales.1! Since sales are 
considered very important information by 
analysts, and the study reported above 


u Fifty-four percent did not report “cost of goods 
sold,” almost all of whom also did not report sales. (See 
Table I in Benston (1969b).) 
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(Benston (1968)) found sales the only 
relatively important accounting number, 
these corporations are considered as those 
most l:kely to be affected by the disclosure 
requirements of the ’34 Act.!? 

This two samples of NYSE corpora- 
tions can be distinguished: the 314 (62 
percent) “disclosure” corporations and 
193 (38 percent) “nondisclosure” corpora- 
tions (with respect to sales). These data 
allow a fairly comprehensive test of the 
law, since the ’34 Act applied (until 1965) 
only tc corporations whose stock is traded 
on registered exchenges, and most of these 
corporations were listed on the NYSE in 
1934. If disclosure of the sales data re- 
quired by the ’34 Act were meaningful to 
investors, these effects should be observed 
in the market returns of the securities af- 
fected in the period after the law was ef- 
fective. As was discussed above in greater 
detail, if the data disclosed are informa- 
tion, investors would alter their previous 
estimates of the relative value and/or 
riskiness of the firms. 

The model given by equation (2) above 
can be used to measure these effects. The 
ú; measure the returns on a security after 
the effect of changes in the return for the 
market as a whole is accounted for. A 
change in the f; represents a revaluation 
of the present value of future returns from 
a security. As such, it provides a valuable 
measure of the information content of 
mandated disclosure. 

The 8, provide a measure of the relative 
systematic portfolio risk of a security, its 
covariance with the market relative to the 
market’s variance. As such the 8; might 
be affected if the data disclosed in the 
financial statements provide information 
about the risk class of a company and the 


2 The analysis also was carried out for the corpora- 
tions that did and did not disclose cost of goods sold, 
with similar results to those reported. 

8 See Fama, pp. 401-04, for a more complete exposi- 
tion of this concept. 
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relationship of its economic value to 
changes in the economy (as reflected by 
the market). 

The variance of returns from a stock 
may be stated as:14 


(3) o (r) = Bio (ru) + o (u) 


where the variables are as defined for 
equation (2) above. The variance of re- 
turns on a security, 7, can be reduced by 
reducing the variance of the market, 
aru), the sensitivity of the security to 
the market, 8,;, and/or the residual vari- 
ance, o*(u;). Fisher and Lorie’s study 
shows that the dispersion of the market 
index is higher for the immediate post-’34 
Act period than it was in the years before 
1932. It is not until 1945 that it is of a 
lower magnitude than the late 1920’s. A 
reduction in the 8;, though, would reduce 
the variance in stock’s returns. While a re- 
duction in the variance of the residuals of 
a stock, o?(u;), also reduces the variance, 
it should be noted that investors can re- 
duce or eliminate this “risk” by holding a 
portfolio of securities. Let 
a 
Tp = by — fj 
j=l A 

be the returns on a portfolio of securities 
with an equal dollar investment in each 
security. The variance of the returns on 
such a portfolio is given by 


O or) = (È =e) A 


jal A 


ANE | 
+> — a? (13) 


j=1 M 
2 T a 
= Bory) + — otiu) 
n 


assuming that cov(u;, u; =0 for 17. As 
n, the number of stocks in the portfolio 


"I am indebted to Michael Jensen for clarifying my 
thinking on this issue and for the equations presented. 
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increases, the residual variance of the 
portfolio goes to zero (as long as the 
¢’(u;) are bounded from above). Never- 
theless, the legislators and many econo- 
mists believe it desirable to reduce the 
riskiness of individual stocks, since “small 
investors” cannot purchase enough dif- 
ferent securities for efficient diversifica- 
tion.® 

Thus, three statistics derived from 
equation (2) are of interest: a; 8,; and 
o*(#;,). Equation (2) was computed for 
each NYSE traded security on monthly 
data for the period January 1926 through 
January 1934 (pre-SEC period) and July 
1935 through November 1941 inclusive 
(post-SEC period). January 1926 was 
taken as the initial month because this is 
the first month for which data are avail- 
able on the Center for Research on Se- 
curity Prices (CRSP) tape of NYSE 
monthly security prices.!f November 1941 
was taken as the last month because it 
allowed for the longest post-SHC period 
that did not include the next major dis- 
location—World War II. There are 98 
months in the pre-SEC period and 90 in 
the post-SEC period. To allow for a suf- 
ficient number of observations for the re- 
gressions, securities that were traded for 
less than 10 months in each time period 
were excluded.!’ This left 466 companies, 
of whom 290 are disclosure corporations 
(62 percent) and 176 nondisclosure cor- 
porations (38 percent).1® 

Five hypotheses about the effectiveness 
of required disclosure can be tested with 


18 While small investors can purchase mutual funds 
to obtain diversification, this alternative may not be 
considered sufficient or even desirable by legislators. 

16 The Center is at the University of Chicago. The 
tape presently is administered by the Standard Statis- 
tics Corporation. 

17 A study of the disclosure practices of corporations 
who left the NYSE before February 1934, and hence 
were excluded from the analysis, is presentec below. 

18Since the percentages of disclosure and non- 
disclosure corporations are the same, this procedure 
does not appear to have introduced any obvious bias. 
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observations of the 8; and o7(#;) for the 
periods before and after disclosure and of 
the Ż; for the adjustment period following 
immediately after required disclosure. 


1) Managers avoided disclosure to hide 
their poor performance: 

If the managers did not publish finan- 
cial Gata because they wanted to hide their 
poor performance from their stockholders, 
the ú; of the nondisclosure companies 
compared to the disclosure companies 
would be negative since investors would 
revalue downward the returns to the 
securities. Similarly, such managers might 
not disclose financial data to mislead in- 
vestors about the relative riskiness of the 
firm, in the hope that stockholders might 
be willing to hold stock having a lower 
rate of return if they believed the firm to 
be less risky than it really was. In this 
event, disclosure would result in higher 
B; if the market (portfolio) risk of the 
nondisclosure firms was underestimated 
and greater s*(d#,;) if the individual, di- 
versifiable security risk was underesti- 
mated and not diversified away. 


2) Managers did not disclose because they 
did not realize the value of the information 
to investors: 

If required disclosure provided investors 
with valuable information, the #; would 
change, and the @; and o%(#) might 
change. However, the direction of the 
changes cannot be predicted. 


3) Required disclosure imposes a cost on 
corporations without compensating bene- 
fits to stockholders: 

If managers were disclosing adequately 
before the legislation was passed (the 
marginal cost of disclosure equaled its 
marginal benefits), investors might view 
disclosure as a net cost imposed on the 
firm. (Included in this cost is the value of 
the information to competitors:) In this 
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evert, the 2; would decrease (as in hy- 
potkesis 1)), but there is no reason to be- 
lieve that the 8; and o(#;,) would be 
affected. 


4) Fequired disclosure results in benefits 
to the market as a whole because investors 
would prefer stocks on registered ex- 
changes to alternative investments, such 
as over-the-counter stocks or real estate. 
Howe2ver, some costs are imposed on those 
firme that would not otherwise have dis- 
closed: l 

If this hypothesis holds, the ĝ; and 
o*(#;-) should not be affected, the @;, of the 
firms that were required to disclose might 
decrease and the #,, of firms that were not 
so affected might increase, as investment 
in equities traded on the stock exchanges 
became relatively more attractive to in- 
vesto-s. Thus the difference in the f; be- 
tweer disclosure and nondisclosure firms 
shoul] be positive. 


5) Required disclesure did not impose 
sufficient costs or benefits to be measured: 

Shculd the “null” hypothesis obtain, 
there would be little change in the fje, By, 
or o°(4x). Of course there could be costs to 
firms aot traded at the time (such as the 
cost o? newly registering with the SEC) or 
costs or benefits too small to be measured 
by the model. 


Tests on the 8, are discussed first be- 
cause, if the 8; are stable between periods, 
the ú; can be computed more efficiently by 
using data from the entire data set, ex- 
cluding the adjustment periods. 

Tabe 2 gives the mean differences of the 
B; computed for the pre- and post-SEC 
periods, in both algebraic and absolute 
terms.}® Distributions of the 8; show them 


18 The means (and standard errors of the means) of 
the ĝ; in -te pre-SEC period is .9968 (.0202) for the dis- 
closure corporations and .9854 (.0312) for the nondis- 
closure group. In the post-SEC period, these statistics 
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to be approximately normally distributed, 
so the standard errors of the means given 
in Table 2 can serve as valid summary 
statistics.?° Since the stability of the 8; are 
dependent, in part, on the number of ob- 
servations used to compute them, the 
average number and standard deviations 
of the underlying observations also are 
given in Table 2. These data do not indi- 
cate any bias between the groups from this 
source. The algebraic differences between 
periods for both groups are positive, but 
hardly greater than zero and almost of the 
same magnitude and dispersion for the 
disclosure and nondisclosure groups. The 
absolute differences are presented because 
several of the hypotheses do not specify a 
change in the @; of any particular sign, and 
the algebraic means could mask significant 
changes. Of course, the absolute means are 
larger than their algebraic counterparts. 
Most important, the absolute mean change 
of the disclosure group is somewhat greater 
than that of the nondisclosure group, 
which indicates a smaller change in per- 
ceived portfolio riskiness ior those corpo- 
rations affected by the ’34 Act. An addi- 
tional test of this conclusion was made by 
correlating the 6, from the pre-SEC period 
with the 8; from the post-SEC period for 
each group. The correlation coefficient of 
the pre- and post-SEC ĝ; (reported in 
Table 2) is higher for the nondisclosure 
group, which again indicates a lesser 
change in the ĝ; between periods. 

In summary, the tests indicate that the 
disclosure requirements of the ’34 Act had 
a somewhat lesser effect on the securities of 
corporations that did not previously dis- 
close sales as compared with those that 
did. This finding is inconsistent with 


are 1.0115 (.0248) for the disclosure corporations and 


1.0006 (.0328) for the nondisclosure companies. The 8; 
are lower in both periods for the disclosure group, but 
insignificantly so. 

2 The standard errors of the means (SEM) are rela- 
tively small, in part because the sample size (n) is large 
(SEM = standard derivation/+/#— 1). 
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TABLE 2—EstTIMATE OF Portroxio RISK By: 
DIFFERENCES AND CORRELATIONS 


Post-SEC PERIOD LESS PRE-SEC PERIOD? 








Disclosure Nondisclosure 
Corporations Corporations 





(290 obser- (170 obser- 
vations) vations) 

Algebraic Differences 

mean .0320 „0264 

standard error of mean .0218 .0227 
Absolute Differences 

mean 2722 . 2133 

standard error of mean .0149 .0159 


Correlation of Pre- and i 
Post-Periods l -5725 -7326 


Data Underlying 8; Statistics 
average number of 
observations (months) 


Pre-SfC Period 79.0 80.6 
Post-SAC Period 75.3 76.9 
standard deviation of 
observations (months) 
Pre-SEC Period 20.9 22.3 
Post-SEC Period 10.1 6.9 





a Pre-SEC period: Jan. 1926 through Feb. 1934; 
Post-SEC period: July 1935 through Nov. 1941. 


hypothesis 1) and casts doubt on hy- 
pothesis 2). 

The stability of the 8; between periods 
(or, at the least, a small differential change 
between the groups) provides support for 
estimating the a with the following pro- 
cedure.*! Equation (2) was computed for 
each security that was traded on the 
NYSE for at least five months prior to 
February 1934 and five months after July 
1935, allowing at least ten observations. A 
total of 487 securities were included under 
this rule, of which 306 (63 percent) had 
disclosed their sales and 180 (37 percent) 
had not prior to the 734 Act. While the 


21 The correlation coefficients between the ĝ; in the 
pre- and post-S/C periods reported above may not be 
sufficiently high for some readers to accept this proce- 
dure. The alternative procedure would have been to use 
fewer observations to calculate the statistics, which, I 
believe, introduces more severe possible biases. In any 
event, the ĉj; were calculated with ĝ;’s from the pre-SEC 
period for the adjustment period and the results were 
little different from those reported below. 
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TABLE 3—AVERAGE MONTHLY RESIDUALS IN SUBPERIODS* 





Algebraic Means+ .001 


Absolute Means~+ .001 


Disclosure- Disclosure- 
Subperiod Disclosure Nondisclosure Nondisclosure Disclosure | Nondisclosure Nondisclosure 

2/26 thru 1/28 O74 206 — .132 6.653 6.459 194 
(. 742) (.986) (1.429) (.919) (.919) (.774) 

2/28 thru 1/30 .020 .075 — .056 8.028 7.647 381 
(.924) (1.086) (1.634) (1.604) (1.460) (. 748) 

2/30 thru 1/32 .026 — .002 — .024 10.475 9.795 680 
(1.181) (1.525) (1.742) (2.214) (1.913) (1.007) 

2/32 thru 1/34 — .349 — .325 — 024 14, 452 12.884 1.568 
(1.638) (1.892) (2.328) (3.707) (2.875) (1.375) 

2/34 thru 6/35 125 728 — ,603 8.435 7.802 633 
{adjustment period) (.865) (.968) (1.124) (1.115) (1.250) (.812) 
7/35 thru 6/37 227 — 263 491 8.221 7.332 888 
(.941) (1.624) (1.676) (1.813) (1.592) (. 728) 

7/37 thru 6/39 O17 . 203 — .186 6.972 6.225 747 
(.773) (1.226) (1.314) 1.185) (1.299) (.609) 

7/39 thru 6/41 .077 085 — .008 7.151 6.196 955 
(.910) (1.093) (1.175) (2.961) (2.378) (.743) 


a Standard deviations shown in parentheses. 


number of observations is slightly- higher 
than those used for the @; tests, the per- 
centages in the disclosure and nondisclo- 
sure groups are almost identical. The p 
were computed by running the following 
“market model” regression for each se- 
curity 


(5) rit = a; + pirm 


where t excludes February 1934 through 
June 1935. The computed 4; and ĝ; then 
are used to compute the f; for each month 
during tke “adjustment period,” February 
1934 through June 1935: 


(Sa) jt = Q; + ÊT mt — Tjt 


where t runs from February 1934 through 
June 1935. The expected value of the f; 
is zero in the absence of an unanticipated 
change in the economic environment, such 
as the disclosure of previously undisclosed 
information. 


The average (algebraic mean) resid- 
uals for each month of the 7 securities 
([>27.4;,|/n, n=number of securities in 
each month) were computed for the dis- 
closure end nondisclosure groups. Since 
several o: the hypotheses do not predict a 
sign of the úa, the average absolute re- 
siduals for each month ([ > 0% |@| ]/2) 
also were computed for each group. Plots 
of these cata were made and summary 
statistics are given in Table 3 for several 
subperiods before and after the adjustment 
period to contrast the behavior of the 
residuals during that period. 

Two basic conclusions can be derived 
from these data. First, there appears to be 
somewhat less variance of the residuals of 
both groups during the months of the 
adjustment period of February 1934 
through June 1935 compared to the follow- 
ing and preceding months. These data 
indicate that by the time the initial hear- 
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ings on the Securities Act.of 1934 were 
begun, the impact of the Great Depression 
on the revaluation of individual shares was 
largely spent. Second, there is little differ- 
ence in the behavior of the average resid- 
uals of the nondisclosure compared with 
the disclosure groups. The plots (not pre- 
sented) show that their residuals behaved 
almost the same over time, with differences 
between the two groups being far over- 
shadowed by differences between time 
periods. 

Table 3 is not quite adequate to test the 
hypothesis that the ’34 Act affected each 
group differently, since the algebraic or 
absolute mean monthly values and stan- 
dard deviations over months may not de- 
scribe the underlying distribution of the 
individual şa. Therefore, Figures 1 and 2 
were prepared in which the fractiles (.05 
and .95, .10 and .90, .75 and .25, and the 
median) are plotted for each group over 
time. If the plot of residuals for one group 
could have been printed as a transparency 
and placed over the plot of the other, the 
reader could see that there is almost no 
difference in the distribution of residuals 
between the groups. 

The data presented thus far are based on 
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monthly averages of the úp. However, it 
also is necessary to consider the efect of 
the disclosure statute on individual secur- 
ities. The possible revaluation of the pres- 
ent value of returns on individual securities 
need not have taken place entirely in any 
given month. In addition, it is not clear 
exactly when corporations made their 
financial data available as required by the 
’34 Act. Therefore, the #7; were cumulated 
algebraically for the adjustment period 
(X úa where t= 2/34 through 6/35). 
As a further check, the ú; were cumulated 
for an additional year (5.2%, a where 
t= 2/34 through 6/36). 

Figure 3 presents the data in the form of 
histograms, in which the distribution of 
the cumulative residuals for the corpora- 
tions in the disclosure and nondisclosure 
group are plotted together. It is clear from 
these histograms and from the s.mmary 
statistics (not presented)*? that zhere is 
little difference between the two groups 


2 The algebraic means (and standard dev-ations) of 
the cumulative residuals in the February 1924 through 
June 1935 adjustment period are .0010 (.0307) for the 
disclosure corporation and .0072 (.0290) for the non- 
disclcsure corporations. In the February 1924 through 
June 1936 adjustment period, the statistics are —.0004 
{.0228) and .0022 (.0206). 
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FIGURE 2. DISCLOSURE CORPORATIONS DISTRIBITION OF RESIDUALS (fje) 








and that neither group experienced a re-  PERCENT«GE 

valuation of its rates of return that is sig- a i aN “SISGCOSURE TORE 
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The variance of the residuals of each 
company, o(#,) provides an estimate of 
the volatility of the individual security. A 
comparison of the mean and distribution 
of the standard deviations of the residuals 
of the disclosure and nondisclosure cor- 
porations are given in Part A of Table 4. o 
The disclosure corporations show a slightly RESIDUAL 
higher méan standard deviation of resid- — "FP°S™"S* 
uals in the pre-SEC period and, surpris- 
ingly, an even greater mean standard 
deviation in the post-S#C period. It is 
possible, however, that the means of the 
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portant, the change OVAA ES of indi- FIGURE 3. HISTOGRAMS OF CUMULATIVE RESIDUALS 
vidual stock prices (after accounting for DISCLOSURE AND NONDISCLOSURE CORPORATIONS 
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TABLE 4— VARIANCE OF RESIDUALS (jt) OF INDIVIDUAL 
COMPANIES PRE- AND Post-SEC PERIODS 


Non- 
Disclosure disclosure 
A. Means 
Pre-SEC Period (1/26-2/34) 
Mean of standard deviations . 1496 1351 
Standard deviation of mean .0623 .0507 
Outlyers 
>mean t ir 29.18 30.98 
> mean +2 4.28 3,18 
Number of Observations 309 191 
Post-SEC Period (7/35-11/41) 
Mean of standard deviations . 1033 .0885 
Standard Deviation of mean .0535 .0363 
Outlyers 
>mean + le 14.98 20. 38 
> mean + 20 5.18 2.88 
Number of Observations 296 177 


B. Change in Variances: Post-SEC less Pre-SEC 
Period 


Mean algebraic differences — 0433 —,0435 
Standard deviation of mean .0534 .0385 
Mean absolute differences —.0540 —~.0469 
Standard deviation of mean .0435 .0343 
Number of observations 290 176 


a Shown in percent. 


the variance of the stock market as a 
whole) once the Securities Act of 1934 was 
effective, is almost the same for those 
corporations that were and were not af- 
fected by the Act. 

From these data and the data reported 
above, I conclude that the ’34 Act did not 
contribute to a reduction in the variance 
of returns from securities traded on the 
NYSE, as measured by the @; (the covari- 
ance-variance ratio of security 7 to the 
market as a whole) and the standard devi- 
ations of the residual returns on securities, 
o*( thy) .73 

Considering the evidence presented above, 
I must conclude that the data are consis- 
tent only with the hypothesis (5), that the 


2 The smaller mean values of the standard deviations 
of the residuals of securities in both groups in the post- 
SEC compared to the pre-SEC period is due primarily 
to the period of May 1932 through June 1933. 
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disclosure provisions of the 34 Act were of 
no apparent value to investors. 


VI. Losses by Stockholders 


The data used in the tests presented 
above are of NYSE corporations that sur- 
vived the depression, at least until Decem- 
ber 1935 (five months of post-adjustment 
period data were required for the regres- 
sions). A question that should be raised is 
whether stockholders of corporations that 
disclosed their sales fared better than those 
who held stock in nondisclosing corpora- 
tions. Should this be the case, the findings 
presented above could be biased because 
the worst offenders, with respect to dis- 
closure, would have been delisted from the 
NYSE. 

To determine whether such was the 
case, the listing of NY SZ corporations was 
traced. The base year chosen was 1929, 
because this is the last year before the 
Depression and because I could use a study 
made by Standard Statistics Company, 
reported by Lawrence Sloan, pp. 66-74. 
This study of the income statements of 484 
corporations listed on the VY SE revealed 
that 266 (55 percent) reported gross in- 
come in 1929 and 218 (45 percent) did not. 
Table 5 presents the Jisting history of 
these securities, showing whether the se- 
curity was delisted because it went over 
the counter (OTC) or the corporation was 
merged. Either event is taken to mean a 
greater than normal loss for stockholders. 
If this assumption is correct, it is clear that 
stockholders of corporations that did not 
disclose gross income in 1929 fared better 
than those who held stock in the disclosure 
corporations. 

This conclusion is interesting, because it 
implies that companies that did not dis- 
close their sales were, in fact, better invest- 
ments than those that did. Such investiga- 
tions as I could make did not reveal the 
reasons that some companies disclosed 
their sales and others did not. A reason 


consistent with the data would be that 


those who disclosed had a greater real need 
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TABLE 5—NYSE DELISTING OF CORPOFATIONS THAT DID AND 
Dm Not DıscLose Gross [INCOME IN 1929 


Disclosure Corp. 


Number OTC Merged 


Delisted in: 


Gn N e e 


1935 4 
1936 2 
1937 2 
Subtotal; 1935-1937 8 


5 
1939 4 

1940 = 2 
Subtotal: 1938-1940 11 
Total 1929-1940 39 17 
On NYSE in 1941 


Total 


Percentages 
Delisted 1929-1934 
Delisted 1934-1937 
Delisted 1938-1940 
Subtotal 1 
Not Delisted as of 1941 


Go mY 
ameo 


Total 


to assure their stockholders of their worth 
than those who did not. 


VII. Investor’s Confidence in the 
Market—Risk and Fairness 


A major reason for enactment (and 
continuance) of the disclosure provisions of 
the ’34 Act was the belief that disclosure 
was necessary to restore the confidence of 


investors in the stock market. It is obvious . 


that depressions and the reduction of stock 
values (either with a “crash” or gradually 
over a relatively short period) reduce in- 
vestor confidence and that such events 
have occurred before and since the passage 
of the ’34 Act and were little affected by it. 
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Nondisclosure Corp. 
Total OTC # Merged Total 
2 
5 1 1 
6 3 3 
11 6 6 
5 5 5 
3 1 1 
32 16 16 
4 3 1 4 
3 
3 
10 3 1 4 
6 2 2 
5 
3 1 1 
14 3 3 
56 22 Í 23 
210 195 
266 218 
12.0 so 133 
3.8 1.4 4 1.8 
5.3 1.4 1.4 
Ziel 10.1 4 10.5 
78.9 89.5 
00.0 100.0 


Therefore, a more meaningful (and chari- 
table) deanition of “investor confidence” 
might ke related to the riskiness of returns 
from securities and to the concept of fair- 
ness, that all investors should have equal 
access to financial information about a 
company whose shares they own or con- 
temp at2 buying. Each of these somewhat 
related <oncepts is considered in turn. 

A reduction of the riskiness of returns, 
ceteris paribus, is considered a benefit þe- 
cause this would reduce the cost of capital 
to firms and increase investors’ confidence 
in the market. Both assertions are based 
on the belief that investors are risk averse. 
(Speculators may prefer risk, but they are 
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considered by legislators to be a nonpre- 
ferred group.) Of course, disclosure, as 
such, cannot reduce the inherent riskiness 
of corporations except where disclosure 
reduces or prevents the risk of fraud. How- 
ever, disclosure might reduce the risk to 
the investor of not knowing about signifi- 
cant events (such as a large loss, lawsuit, 
discovery, etc.) and/or diversifiable risk 
by reducing the residual variance of 
security returns (as is discussed above in 
Section V). 

The evidence presented above indicates 
that disclosure as required by the 734 Act 
did not reduce fraud, nor did corporations 
who disclosed their sales fare better in the 
depression than those who didn’t. The 
data on the variance of the securities of 
disclosure firms compared to that of non- 
disclosure firms (Tables 2 and 4), discussed 
above, indicates that the 734 Act did not 
have the desired effect on risk (as measured 
herein). The percentages of large resid- 
uals (outlyers) reported in Table 4 also 
provide evidence on the effectiveness of 
the °34 Act in reducing the risk of large, 
presumably unanticipated stock move- 
ments. The percentage of outlyers in the 
pre-SEC period was about the same for the 
disclosure and the nondisclosure firms. 
However, in the post-SEC period, there 
were relatively fewer mean +1o outlyers 
for the disclosure group but more mean 
+2 outlyers for the nondisclosure 
group. 2 

Some additional evidence on the effect 
of the ’34 Act on the stock market is pro- 
vided by a study of corporate total capital 
formation met by stock market issues and 
publicly sold debt issues compared to pri- 
vate placements in the pre- and post-SEC 
years (through 1954). As I reported in 
1969 (see Benston 1969b), the percentage 
of new issues (net of redemptions) to ex- 
penditures on plant and equipment gross 
and net of price-level adjusted deprecia- 
tion was the following :*4 
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1900-24 30.9 (gross) 58.3 (net) 
1919-29 36.8 (gross) 354.3 (net) 
1932-38 — (gross) — (net) 
1938-46 6.5 (gross) 51.2 (net) 
1946-49 23.1 (gross) 50.2 (net) 
1949-54 20.6 (gross) 68.6 (nez) 


[I also found that a ranking of industries by 
the percentage of private placements to 
total debt issues was almost exactly the 
same as a ranking of the extent of bias of 
the SEC’s conservative accounting rules 
against a fuller reporting of economic 
events (such as the extent of mining 
claims, the value of airline routes, etc.). 
Thus it appears that, contrary to the ex- 
pectations of its supporters, the ’34 Act 
may have reduced the value of stock mar- 
kets to corporations and, therefore, to 
investors. 

The concept of fairness is difficult to 
define operationally. The belief that all 
investors should have equal access to finan- 
cial information about a company whose 
shares they own or contemplate purchas- 
ing is perhaps the most Important concept, 
politically, that supports the federal dis- 
closure requirements. While some writers, 
such as Henry Manne, have argued that 
investors and the economy are served 
better when insiders are allowed to profit 
from information before it is disclosed, 
legislators argue that all current and po- 
tential owners of a corporation have an 
equal right to information without regard 
to cost. But since any information must be 
available to someone before it is known to 
all, this is a nonoperational concept in its 
extreme form. And, insofar as the SEC’s 
disclosure requirements require tne publi- 
cation of useless or untimely data (as seems 
to be the case), the 34 Act has not served 
its purpose. 

Nevertheless, the stock market could be 
considered “‘fair” if the prices of securities 
at any point in time are unbiased estima- 


4 Stock redemptions exceeded new issues in the 
1932-1938 period. 
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tors of their intrinsic values, at least with 
respect to the financial data which corpo- 
rations must disclose under the 734 Act. 
Then whenever an investor decides to buy 
or sell or hold a security, he can be assured 
that the market price has discounted com- 
pletely the financial information. The 
averaze investor need not worry about 
discovering some important financial in- 
formation about which he is unaware. He 
will just as often find himself buying or 
selling a security that is “overvalued” as 
“undervalued.” In this event, the market 
would be “efficient” in what Fama calls 
the semi-strong form of the martingale 
hypotnesis. 

Fama reviews the theory and evidence 
on efficient capital markets and concludes 
that “. .. for the purposes of most inves- 
tors the efficient markets model seems a 
good first (and second) approximation to 
reality. In short, the evidence in support 
of the efficient markets model is extensive, 
and (somewhat uniquely in economics) 
contradictory evidence is sparse” (p. 416). 
But this evidence is based on data from 
years after enactment of the 34 Act. The 
Act may have altered the way in which 
information gets to the market and the 
speed with which it is dispersed such that 
a previously inefhcient market became 
efficient. 

The data presented above, that the dis- 
closure required by the ’34 Act had no 
measurable effect on the residual market 
prices of companies that did and did not 
disclose their sales, are consistent with the 
hypothesis that the market was efficient 
before the legislation was enacted, at least 
with respect to the financial data.” In 
addition, runs tests on the signs of price 
changes before 1934 of the securities of the 
disclosure and nondisclosure corporations 
revealed that the price changes of both 


* These data also are consistent with the hypothesis 
that published financial data have no information con- 
tent. 


~ 
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groups confirmed to a random walk.” The 
results of this weaker test of the efficient 
markets hypothesis is consistent with the 
belief that the 734 Act did not make the 
stock market a “fairer game” fcr investors. 


VIII. Summary and Conclusions 


The Securities Exchange Act of 1934 is 
called a ‘‘disclosure statute” because its 
purpase is to force corporations to provide 
the public with financial data as prescribed 
by the SEC. The Act was passed and ex- 
tended because of the belief that such dis- 
closure was required to correct the abuses 
of the pre-Great Depression period, pro- 
vide information necessary for investors to 
allocate their resources wisely and ef- 
ciently, and make the stock market a “fair 
game’ for the average investor. 

A review of the evidence on fraudulently 
or misleadingly prepared financial state- 
ments prior to enactment of the 734 Act 
revealed very little evidence of abuses in 
reporting. The assertion by the SEC that 
“pools” and other presumably manipula- 
tive devices were made possible by inade- 
quateiv disclosed financial information is 
not supported by the data. Proportion- 
ately, there was little difference between 
the reporting practices of corporations 
whose securities were subject to pools as 
those who were not. 

The value of reported financial data for 
investors’ decisions is based on the as- 

* The mean percentage deviations between actual 
and expected (assuming a random distribution) total 
runs in the pre-SEC and post-SEC periods are —1.2 
and 4.9 nercent for the disclosure corporations and 
— 1.5 and 7.5 percent for the nondisclosure corporations. 
On a prckability basis, the percentage of individual 
stocks whose runs were siznificantly different at the 
5 percent level from expected are 4.3 and 7.8 for the pre- 
and post-SEC disclosure corporations and 2.3 and 12.2 
for the pre- and post-SZC nondisclosure corporations. 
It appears that the security prices of both groups more 
nearly conformed to a random walk in the pre-SEC 
period than in the post-SEC period. Most interesting for 
present purposes, prices of the securities of corporations 
that did disclose appear to reflect a less efficient market 


after the 744 Act became effective than did those of 
corporations that did not disclose their sales. 
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sumption that the data the SEC requires 
be made public is useful and timely. The 
SEC’s adherence to historically based, 
“conservative” accounting procedures re- 
duces the value of the numbers. Neverthe- 
less, the question is an empirical one for 
which an empirical answer is sought. The 
extant statistical studies that relate pub- 
lished accounting statement data with 
stock prices all lead to the conclusion that 
the data either are not useful or have been 
fully impounded into stock prices before 
they are published.” Since these studies 
use relatively simple decision models, evi- 
dence on the ability of professional ana- 
lysts to use financial data for stock choices 
was reviewed. This evidence supports the 
conclusion that the accounting statements 
either are not useful, timely, or both. 

However, these findings are based on 
data from the post-SEC period. It may be 
that the SEC has created a climate of con- 
fidence in financial data such that the pub- 
lic can accept information as it becomes 
available during the year. In this event, 
the annual financial statements, when pub- 
lished, simply confirm that which was 
previously released, and therefore do not 
affect stock prices. Investors could bélieve 
the information because they know that a 
reputable government agency, the SEC, is 
concerned about the veracity of financial 
statements. 

The hypothesis was tested by examining 
statistically the change in riskiness and 
returns in the stock prices on the NYSE 
before, after, and as a result of the Securi- 
ties Exchange Act of 1934. Financial state- 
ments were available for almost all NYSE 
corporations, but only 62 percent reported 
their sales or other similarly important 
information. These corporations are a con- 
trol sample against which the effects of the 
"34 Act can be measured. The Sharpe- 
Markowitz “market model” was used to 


7 An exception may be Beaver’s study of preliminary 
reports. 
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account for general stock market changes 
and to provide estimates of the market nsk 
of stocks for each of the samples ‘disclo- 
sure and nondisclosure corporations) in the 
periods before and after the regulations 
became effective. Revaluations of securi- 
ties as a result of the required disclosure of 
information also were measured with the 
model. All of the many measurements and 
analyses show that the 34 Act’s financial 
disclosure requirements had no measurable 
effect on the securities of the corporation 
presumedly affected. 

The effect of the ’34 Act on investors’ 
confidence and on the fairness of the mar- 
ket also was analyzed. Riskiness of securi- 
ties, as measured by the variance of mar- 
ket prices net of covariance with the mar- 
ket, does not seem to have been reduced by 
the Act. Nor were the relative percentage 
of large price movements reduced. Also, 
the effect of the ’34 Act.on the capital 
market may have been perverse, since the 
percentage of corporate expenditures on 
plant and equipment financed with new 
public stock and debt issues was lower in 
the post- than in the pre-SEC decades. 
With respect to fairness, the evidence that 
the disclosure requirements did rot result 
in a revaluation of the securities of the 
affected firms and the conformity of price 
changes before 1934 to a random walk 
indicates that the pre-SEC stock market- 
was a fair game for investors. 

The conclusion of this study, then, must 
be that the disclosure requirements of the 
Securities Exchange Act of 1934 had no 
measurable positive effect on the securities 
traded on the NYSE. There appears to 
have been little basis for the legislation and 
no evidence that it was needed or desir- 
able. Certainly there is doubt that more 
required disclosure is warrantec. 
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Optimal Open Market Strategy: The 
Use of Information Variables 


By Jonn H. Karexen, THOMAS MUENCH, AND NEIL WALLACE* 


Undeniably, the Federal Open Market 
Committee (FOMC), which decides and 
executes open market policy for the Fed- 
eral Reserve System, is much of the time 
in the dark about what has been going on 
in the economy. In saying this, we do not 
mean to be at all derisive. It is simply that 
the Committee decides policy each day. 
And yet, most days it does not know the 
values for the preceding day of all the 
various economic variables—or, indeed, 
even the obviously important ones. Thus, 
only on the first day of the statement week 
does the Committee know the value of the 
money stock for the day before. And on 
how many days of, for example, the calen- 
dar quarter does it know, to a reasonable 
approximation, the value of GNP for the 
day before? Certainly not many. 

We can imagine it not mattering in the 
slightest that the FOMC is, as we have 
said, much of the time in the dark. The 
consensus judgment of economists is 
surely, though, that the past influences the 
present. And information lags being what 
they are, the presumption must be that 
most days there are initial conditions 
which the Committee does not know. Soit 
would seem not entirely idle to investigate 
how a central bank, or the responsible 
decision unit thereof, should conduct open 
market operations if much of the time it is 
in the dark or, in other words, if most days 
there are some unknown initial conditions. 


* Staff members of the department of economics, Uni- 
versity of Minnesota, and consultants to the Federal 
Reserve Bank of Minneapolis. All views expressed 
herein are the sole responsibility of the authors and 
should not be interpreted as representing those of the 
Federal Reserve Bank of Minneapolis or the Federal 
Reserve Svstem. 
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That is what we have done, although using 
some simplifying assumptions. In Sections 
I and II of this paper we present an open 
market operations strategy for the central 
bank which much of the time has to con- 
tend with unknown initial conditions. 
Then, in Section III, we compare this 
strategy with one which we believe is not 
unlike that of the FOMC. 

The strategy of Sections I-II is optimal, 
but so far as we know only on our simplify- 
ing assumptions. There are three assump- 
tions which, because they are so unrealis- 
tic, we particularly regret having had to 
make. The first is that the central bank 
has but one target variable. The second is 
that the economic structure, although sto- 
chastic, is linear. And the third is that the 
central bank knows with certainty the 
constants and coefficients of this structure. 
These assumptions, taken together, imply 
that the central bank has to optimize only 
over the current dav, not a succession of 
days extending far (perhaps indefinitely 
far) intc the future.! That is why they are 
so convenient. Still, we should be happier 
if we kad been able to manage with differ- 
ent assumptions—among them, that the 
centra? bank is uncertain about the con- 
stants and coefficients of the structure 
constraining it.” 

What we think of as our information as- 

1 For us, the “day,” an arbitrary but brief stretch of 
time, is the decision period. There is also the “week,” 
made up of several days, and the “quarter,” made up 
of severa! weeks. 

2 In the concluding section of the paper, we argue that 
this is wket for realism’s sake we should have assumed. 
It might seem ridiculous to assume that the central 
bank kncws the economic structure which determines, 


say, calender-day GNP. But if sufficient uncertainty is 
assumed, this is not so. 
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sumptions seem to us, however, to be 
quite realistic. In the economic structure 
of this paper, which holds over days, there 
are four variables: a nominal rate of inter- 
est; two monetary aggregates, the central 
bank’s portfolio of assets and the stock of 
deposits; and nominal GNP, which we 
take as the central bank’s target variable. 
And, as we assume, both the interest rate 
and its asset portfolio are observed by the 
central bank essentially without lapse of 
time. At the beginning of each day, it finds 
out what the values of the interest rate 
and its asset portfolio were for the day be- 
fore. (It obviously has to know the value 
of either the interest rate or its portfolio, 
since for us it must have used one or the 
other of these variables as its instrument 
variable.) But neither the deposit stock 
nor GN P is always observed without lapse 
of time. The central bank gets observa- 
tions on the daily deposit stock only at the 
beginning of each week and observations 
on daily GN P only at the beginning of each 
quarter. Consequently, only on the first 
day of the quarter can it determine initial 
conditions exactly. On all the other days, 
it cannot. On all the days of the quarter 
except the first, it must therefore guess 
initial conditions. 

What we show below is that it is optimal 
for the central bank, in guessing initial 
conditions for the current day, to use all 
such observations as have become avail- 
able since it last decided open market 
policy. It should always use the most re- 
cent observation on the interest rate or its 
portfolio. And on the first day of the week 
it should also use the newly received ob- 
servations on the daily money stock. (Of 
course, on the first day of the quarter it 
should use the newly received observations 
on daily GN P.) Precisely how it should use 
these observations—or how optimal open 
market policy depends on these observa- 
tions—is what we explain in some detail in 
Sections I and II. 
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We refer to all those variables which the 
optimizing central bank uses in guessing 
initial conditions—or, alternatively, in 
deciding open market policy—as informa- 
tion variables. This is the natural phrase, 
since observations on these variables con- 
stitute information about initial condi- 
tions. It would be misleading to refer to 


.any one of them as an intermediate target 


variable, although this is an oft-heard 
phrase. For, as we show in Section ITI, un- 
less the economic structure is very special, 
the optimizing central bank does not use an 
intermediate target variable. It does not, 
that is, start out by calculating a target 
value or sequence of values for the deposit 
stock or for any other variable, except of 
course its true or ultimate target variables 
(for us, nominal GNP), and then strive 
over several days or weeks for equality 
between target and actual values. It does, 
in effect, calculate sequences of values— 
expected values, however, not target val- 
ues. Indeed, it does this each day, but only 
so that subsequently it can compere cer- 
tain of these values with actual values. 
This it has to do in deciding open market 
policy, for comparisons of actual and 
previously expected values are waat de- 
termine its guesses about initial condi- 
tions. But once having observed discrep- 
ancies, it has to calculate new sequences of 
values—expected values, as we think of 
them. If there are discrepancies, then 
initial conditions are not what they were 
expected to be. Expected values are there- 
fore not what they were expected <o be. 
Admittedly, there is little point in fuss- 
ing about descriptive phrases. It is perhaps 
acceptable to go on using the customary 
one—intermediate target variable. Those 
who do should, though, keep in mind that 
the optimizing central bank likely changes 
its target value or values each dav. It has 
to make a change, at least on days when it 
observes discrepancies between actual and 


previously calculated target (for us, ex- 
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pected) values. Once discrepancies have 
- been observed, the value of, say, the depos- 
it stock consistent with the desired value 
of GNP, or any other ultimate target vari- 
able, is not what it was. It cannot be, for 
initial conditions are not as expected. 


I. The Optimal Open Market Strategy 


In this section, we first set out those 
simplifying assumptions to which we have 
referred and then show how, based on 
these assumptions, the central bank should 
proceed day by day in the conduct of open 
market operations. As it turns out, what 
the central bank should do each day de- 
pends on certain expectations. It is in Sec- 
tion II, however, that we provide the 
formulae for these expectations. 

We begin by giving some market equi- 
librium conditions. The first, for the goods 
market, is 


(1) Fe = ao tak + a (1), 


where FY, is nominal GNP, R, is the nomi- 
nal rate of interest, and a,(1) is a random 
disturbance, all for day t. The second equi- 
librium condition, for the money market, is 


(2) Ry=Bot61 ¥i+6oP:+6,[a.(2) — (3) | 


where P, is the central bank’s asset port- 
folio and a,(2) and a,(3) are random dis- 
turbances, all for day t. 

Underlying the second equilibrium con- 
dition are two private-sector structural 
(demand) equations. One is 


ay < 0 


My = as + aY + as, + a2), 


(3) | 
a3 > 0, ag< 0 


where Mf is the private sector’s desired 
stock of deposits for day t or, since by as- 
sumption there is no coin or currency, its 
desired stock of money. The other, already 
having been transformed, is 


(4) My=astasgR,-torBi+a,(3), s, a7 >0 
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where M, is the banking sector’s day t 
stock of deposit liabilities and Bf is its 
desired. stock of reserves for day t. The 
second equilibrium condition follows then 
from M?=M, and P,=Bf2 And, as is 
easily established, 














a: — Qg 
Bo = 
He — A4 
3 
Bi = > 0 
Mg T 4 
— a7 
B2 = <0 
Qg ~~ 4 
and 
8; = > 0 
Mg — A4 


The zentral bank is, by assumption, 
subjectively certain about the æ;. It is not, © 
however, about the a(i), which as noted 
above are random variables. All the cen- 
tral bank knows about the a(i) are the 
stochastic processes which generate them. 
These gre 


(5) a(t) = piali) + uli), 


where the mii), random variables, are 
normally distributed, with 


Euli) = 0 


| pil <1 


and 
Ee [2i (1) Uth Gj ) ] 
fali) = Vu(i) fort =jandh=0 
~ 10 otherwise 
The symbol E(-), which appears very 
often on the pages following, stands for the 


expected value of (-) as of the beginning 
of day ~, or for the conditional expectation 


of (-), waich depends on all observations 


through day t—1.- 


3 In equeting P and Bt, we ignore a number of so- 
called dezerminants of bank reserves (for example, 
float). 
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The past does then influence the present, 
although in a particularly uncomplicated 
way. But it is not important that the as- 
sumed lag structure is simple. If it were 
not, there would still be an optimal strat- 
egy and its derivation would be essen- 
tially the same as that which follows. It is 
only required that the economic structure 
be linear.4 

The central bank’s loss function is 


Q 
L= }, (F, — f)? 
1 


where Q is the number of days in the 
quarter and Y is the desired or target 
value of Y;,.° It minimizes expected loss, 
but subject to equations (1), (2), and (5) 
and of course the information at hand, 
which as already explained is most of the 
time incomplete. 

To be more precise, what the central 
bank minimizes at the beginning of day 1 
is Fil. And since, for 7>0, Hi_,(-) 
= Fy; [E.(- Ji; 


EL = E,l(V; npe Y)? -+ Ei Y: = 
+ Eoal( Ya- — P)? 
E a eee 

The central bank minimizes EL by first 

minimizing Fe(Ye— 

Egl Ya— Y)*, denoted by Fa(VYa— F)? isin 

general a function of all initial conditions. 


P+.. 


4 Nor do the stochastic processes have to be first-order 
Markovian. Incidentally, it is easy enough to do away 
with the influence of the past. One has only to assume, 
for all z, that p;=0. 

5 We might have assumed the central bank’s loss 
function to be 


“(br 


where Z? Y; is the familiar quarterly GNP. It seemed 
unreasonable, though, to force the central bank only to 
“average” the Y, or, in effect, to make it not care about 
within-quarter fluctuations of Y,. The assumption of 
a constant target value, Y, is of no consequence. We 
could easily have managed with an arbitrary path of 
target values, F+. 


Y)?. The minimum of . 
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Then the central bank minimizes 
Eg-i[(Vo1 — F)? + Eola — F)? 


And so it proceeds, until i in the end it has 
minimized 


E,[(¥, — F} + £,[(Y¥2—- PP +... 
A MA)... 
That the central bank, proceeding in the 
way described, does indeed minimize Æ} 
is established by induction. Whatever the 


outcomes for days 1, 2,..., Q—1 or the 
observations at hand at the beginning of 


day Q, 
Ël Yo — F)? < Eol Yq — YP 
where Fo is the expected loss associated 


with any policy whatever for day Q. 
We must now establish that 


if (a) Éen ~) <E —) 
where 
Baal) = Bell Yn - P) 
i Eezol(Vere — p+... 
+... Yo — P|]... ] 
and 
Exsi(—) E Erai (Yeri ži Gu 
aF Eroll Yie — P -... 
+ Ea(Yq — ¥)*I]...], 
then (b) Ei(~) <Fi(—) 
By hypothesis (inequality (a)) and the 
nature of the expectations operator, 
E [E~] < E [E (-)] 
Adding E.(Y,.— Y)? to both sides, 
ELY — P + Bua(~)] < E) 


The desired conclusion (inequality (b)) 
follows, since by definition (~) is less 


8 Those familiar with dynamic programming will 
recognize the following proof. 
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than or equal to the left-hand side of this 
inequality. | 

The central bank has two possible in- 
strument variables, however, P, its asset 
portfolio and K, the nominal interest rate. 
It therefore does not simply minimize ex- 
pected loss by choice of a value for a given 
instrument variable. Rather, it minimizes 
by choice of a value for R and a value for 
P and then by comparing its two minimum 
expected losses. 

With R as the instrument variable, the 
reduced-form equation for F, is equation 
(1) or, by equations (5), 


(6) Y, = ap + ark, + p1at_1(1) F uz(1) 


By definition, though, a,-1(z) is the sum of 
FExar3(t), the expectation of a:1(z) as of 
the beginning of day t, and a forecast 
error ¢,(t), the deviation of a:4(¢) from 
that expectation; that is 


(7) ay1(4) = Erali) + ali) 

Therefore, 

(8) Vi = ao + aR, + prfiara(l) 
+ pre(1) + m (1) 

And so 


Egl Yo — Y)? 
= [f — ay — ayRg — piEgdg_1(1)}? 
+ Eg[preq(1)? + ua(1)?] 


Since the second of the terms on the right- 
hand side of the equation does not depend 
on Ro, the optimal or minimizing value of 
Rg satisfies the equation 


(9) F = ao + arRg + pikgae-i(l) 
Also, 


Eo(Va — VY)" = piEgeg(1)’ + Equa(1)’ 
= pill(1, 1) + (1, 1) 


where € is the variance-covariance matrix 
of the u,(z) and II, is the variance-covari- 
ance matrix of the e,(7).” 


7 That is, I= Ei(evet ) where e =[er(1), e1(2), e3). 
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With P as the instrument variable, the 
reduced-form equation for F, is 
Vs = Bp + bP, + 830,(1) 
+ 8s[a(2) — a(3)] 
or, by equations (5), 
(11) Fe = ĉo + Pt + Ay aa + AM 


where 


(10) 


A’ = (ôo, 53, — $3) 
Ay = (169, p2da, — p383) 
a, = [a,(1), a(2), a(3)] 


ud = [m(1), m(2), #(3)] 
ato + aiBo 

ôo = 
1 — aif 

Qe 

01 = 2 > 0 

1 — abı 
1 

ô: = ———— > 0 

1 — æ-ßı 
and 

5; = _ abs <0 

1 — afi 


Then, by equations (7), 
Egl Fo— vy = { F — 8o — 81 Po — A; Eoag) 
+ EolA ugua A+ Azegeady) 


It follows that the optimal value of Pa 
satisfies the equation 


(12) Y = do + 5:P9 + A, Egoa 
and 
Eol Yo = f)? ve A'A + A; Tad, 


The central bank therefore uses R or P 
as its instrument variable for day Q, de- 
pending on whether 


B(L, 1) + pilla(1, 1) 


13 


If it uses R, then open market policy is 
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determined by equation (9). And if it uses 
P, then open market policy is determined 
by equation (12). It follows that Eg- 
(Yei- V)?+ Eal Yo Y)?| is either 


Beal = 1) ed Spied 
or 
Eqsl(Yq-1 — F )? + ASA + Af Ted, | 


But © is a constant. And as we show below 
(Section IT), so is M; that is to say, for all 
t, it is independent of the sequence of in- 
strument variable choices and values up 
through day t~1. Consequently, the day 
Q—1 choices of instrument variable and 
value can affect only Eg-1(¥o-1— F)? and 
thus should be made so as to minimize this 
term. The minimization problem of day 
Q— 1 is therefore exactly the same as that 
of day Q. The day Q— 1 analogue of equa- 
tion (9) therefore determines the optimal 
value of Rei. The day Q—1 analogue of 
equation (12) determines the optimal value 
of Pas. And the analogue of inequalities 
(13) determines whether R or P is the in- 
strument variable for day Q—1. 

We might continue through the min- 
imization process, but likely it has already 
become apparent that, with I, indepen- 
dent of past instrument variable choices 
and values, there is only one term of 


EY: — P + Ealla — Pet... 
+ Eo(Yo Pies] 

namely £,(Y,— Y)*, that depends on policy 

for day t. The optimal value of R,, de- 


noted by &,, is therefore the solution of the 
day t analogue of equation (9). That is 


(14) R, = [f — Qo m piEras1(1)]/@ 


And the optimal value of P}, denoted by 
Ps, is the solution of the day t analogue of 
equation (12), 


(15) P, = (f — 69 — AS Exar) /81 


Finally, the central bank uses R or P as its 
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instrument variable, depending on whether 
(16) ®(1, 1) +eTl(, 1) SAA +4; TL, 


If the central bank always had complete 
information, then I],=0 would hold for all 
t. And it would use R or P as its instru- 
ment variable, depending on whether® 


&(1, 1) $ A’@A 


There is therefore an easy interpretation 
of the second terms on both the left- and 
right-hand sides of inequality (16). With 
R as the instrument variable, there 1s some 
additional expected loss, p*lI,(1, 1), at- 
tributable to the central bank not having 
complete information or to the existence 
of our assumed information lags. And with 
P as the inStrument variable, there is also 
some additional expected loss, AjII,A,, at- 
tributable to the central bank not having 
complete information. 


II. The Central Bank’s Expectations and 
a Proof of Independence 


To decide open market policy for dav t, 
the central bank has to know Aig, and Ik. 
In this section, we therefore derive formu- 
lae for these expectations and ther, mak- 
ing use of the formula for I, give an 
inductive proof that II, is independent of 
past policy decisions. 

As is well known, if Vi. and X4_1(1), 
X,-1(2),..., X(N) are normal random 
variables and the X;_:(d) the only variables 
observed at the beginning of day t are 
uncorrelated with each other, then the 
expectation of Y,, with the X1_1(¢) known, 
or as of the beginning of day t, is 


E Yi- = By Vin 


17 
A D m) [Xal) — BAX] 


8 If p:=0 for all 7, then the central bank wculd effec- 
tively always have complete information, even with in- 
formation lags, and it would use this inequality in mak- 
ing its instrument variable choice. This inequality is 
essentially like those given by William Poole, p. 206, 
and Kareken, p. 389. ) 
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Es- ¥ 4-1 is the expectation of F, with the 
X,1(¢) unknown, or as of the beginning of 
day t—1; H,.X11(Z) is the expectation of 
X,1(4) with Fi unknown, or as of the 
beginning of day t—1; and 


ne(2) 7 Caly t—l; X-(i)]/ Vi% t—1(2) 
= Eralysta(t)|/Eim (i)? 
where 
M1 = Yii — Bea Fei 
and 
wilt) = Xai) — Ei-1X t1 (a) 


As is also well known, the residual from 
the expectation given by equation (17), 
that is, Yi:—Y11, is independent of the 
X+-1(7). We use this result below in deriv- 
ing the formulae for I],. 

At the beginning of day t, then, the 
central bank uses equations like equation 
(17) to determine the #,a,_,(2). Its infor- 
mation variables, the counterparts of the 
Xt1(2), are not the same, however, for all 
t. For one thing, it does not necessarily use 
the same variable as its instrument vari- 
able on. days t and t+1. And an instru- 
ment variable cannot be an information 
variable, for by definition its expected 
value as of the beginning of day t and its 
actual value for day t are the same.’ Also, 
recall our information assumptions. At the 
beginning of day t, where t=1,2,..-, Q, 
Pi and Rt» are known. But Mı is 
known only for t=1, w1, 2w+1,..., 
(s—1)w+1, there being w days in a week 
and s weeks in the quarter. And F, is 
known only for t=1. It is not therefore 
simply a matter of deriving one set of 
formulae, the counterparts of equation 
(17), which hold for all t. There are several 
sets of formulae and to derive them we 
have to consider the central bank’s situa- 


? We show below, however, that Zra and I; are the 
same, whether P was used as the instrument variable 
for day t—1 or R was. 
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tion at the beginning of the first day of the 
quarter, the second or any subsequent day 
of the first week and the first day of the 
second or any other week of the quarter. 


A. Deys of the First Week 


The first day of the quarter (t=1) is 
decidedly special. At its beginning, the 
central bank—knowing Po, Ro, Mo, and 
VY o—is able actually to calculate ao. In a 
manner of speaking, therefore, it uses 
equations (1), (3), and (4) to determine 
Eiao= ae. And, of course, II,=0. 

We now show how the central bank ob- 
tains Eas and Il, given that it has 
Er: and Hi. At the beginning of day 
t, where 2<tSw, the central bank gets 
observetions on Py, and Ri. One of these 
observetions provides no information 
about cı, though, since the central bank 
must have used either P or R as its instru- 
ment variable for day t—1. If it used P, 
then by equation (17) 


(18) Maid = Bada + pir 
where 
ta Rei Berk 
piii) = Cala), Real/VirRs 
and, by equations (5), 
(19) Esiti) = pikr—14t-2(2) 


Ncw, the reduced-form equation for 
R,-1, derived from equations (1) and (2), is 


(20) Key = yo + (61/01) Pera + Iati 
where 
I’ = (6182, 53/a1, —43/e1) 

and 
+ Bo + aop 

1 — eh 
Therefcre, by equation (19), 

eRe a J) + (81/01) Pra 


7 
— T p Eriti 


Yo 


(21) 
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where 
Ty = (9183182, p253/a1, — 363/01) 


Since 7-1 1s the difference between R, 
and F,_1Rt1, it follows from equations (5) 
and (7) and (20), and (21) that 


(22) reer = Pea + oes 
Also, by equations (5), (7), and (19), 
(23) aali) — Emai) = pieli) Hli), 
S0 
Ciltli), Ru] = TV u(i) 
+ pls Tra) 


where I’; is the th element of T and It_1(2) 
is the zth column of M, 


(25) Vir Re = r'r + T; eal, 


(24) 


and 
T: Vuli iT? M14 
(26) aaa IT Oe 
or + YILI 
Finally, by equations (5), (18), and (23), 
(27) a(t) = pieer(i) — oe) rer + uli) 


And since the e(z) are independent of 
Til; 
Elere) = Elere ) 


In consequence, 
Mij) = pM, j) + Elu(iu(j)] 
— pel) V eRe 


or, by equations (25) and (26), we may 
derive equation (29) shown below. 


(28) 


If P was the instrument variable for day 
t—1, then the appropriate expectations 
for deciding open market policy at the be- 
ginning of day t are those of equations (18) 
and (29). These, however, are also the ap- 
propriate expectations if R was the instru- 


(29) I(t, j) = pipsll_1(%, j) na Elulijul)] Di 


. KAREKEN, MUENCH, AND WALLACE: OPEN MARKET STRATEGY 163 


ment variable for day t—1. If it was, then 
by equation (17) 
(30) Erne- = Fyne i(t) + (2) prs 


But there is a reduced-form equation for 
Pı, obtainable from equation (20), 


(31) Pw = — (01/51) (Yo — Ri + Fas) 
SO 
(32) pear = — (a1/8s)(Ty e1 + Diti) 


In words, p+- is simply a multiple of the 
discrepancy, 7:1, which would have been 
observed had P been used as the instru- 
ment variable (see equation (22)). And 
since d1— Est is independent of the 
instrument variable choice and value of 
day t—1 (see equation (23)), it follows that 
a(i) = — (6,/a;)¢(2): and, from this equal- 
ity, that Eas and II, are the same 
whether P or R was used as the instru- 
ment variable for day t—1.!° 

Thus, assuming known unique values of 
EtG and oi Hi, values assumed to be 
independent of policy decisions up through 
day t— 2, we have now found unique values 
of Erti and of M. These depend on those 
prior expectations, on certain functions of 
day t—1 outcomes, and on the parameters 
of the structure (including the Vu(#)), but 
not on the day t—1 policy decision. For 
Ik, this is clear from inspection of equa- 
tions (29); for E,at+, one must inspect 
equations (18), (19), (22), and (26). Since 
we showed at the outset of this section that 
the Ea. and Il, are independent of policy 


10 This result is easily checked. One has only to redo 
our derivations, starting, however, with equations (30) 
and (31). It is perhaps not surprising that Z,a._, and 
Ih are the same, no matter which variable, P or R, was 
chosen as instrument variable at the beginning of day 
t—1. These variables are linearly related (equation 
(20)), and the disturbance in the relationship is inde- 
pendent of which variable was chosen as the instrument 
variable. 


OCHI Weal, 
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up through day 0, it follows that Esa,- and 
II, are independent of the entire sequence 
of policy decisions up through day t—1. 
That this is true for IT, can be seen in a 
slightly different and perhaps more reveal- 
ing way. Because all of the parameters of 
the economic structure, including the 
Vu(t) are known at the beginning of day 1, 
the central bank, using equations (29), is 
at that time able to calculate all I.” 

Strictly speaking, the proof and the 
formulae we have provided are only for 
1&t&w. It is easy enough, however, to 
extend the proof for t>w. Moreover, as 
will be apparent, the formulae found here 
apply for second and subsequent days of 
all the remaining weeks. Only the formulae 
for the first day of the second and follow- 
ing weeks are missing. 


B. The First Day of the Second Week 


At the beginning of the first day of the 
second week, day w-+1, the central bank 
gets observations on the daily deposit stock 
for the first week. And knowing Mi, 
M.,..., Ma, it revises its expectations of 
d,1 for 2St Sw. It puts itself back at the 
beginning of day 2 and, using observations 
on M, and Pı or R, calculates revised ex- 
pectations of a, denoted by Eža. Then it 
puts itself at the beginning of day 3 and, 
using observations of M, and Pz or Ra, 
calculates the revised expectation &3ap. 
And ir. the end, having calculated Efa, 
for 2<tSw, it comes to expectations of 
@, which is in part what it needs to deter- 
mine open market policy for day w+1. 

If P was the instrument variable for day 
t—1, then for day t the central bank’s 
information variables are R and M. To use 
equations similar to equation (17) to de- 
termine Efa,., it has to have information 
variables which are uncorrelated. Obvi- 


H Note that there is no circularity of reasoning, since 
in this section we have not assumed optimality of policy, 
nor, in fact, anything about policy, except that each day 
either P or R is used as the instrument variable. 
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ously. Ay. and M: are correlated. But 
there are transforms, 


(33) Zr-1(1) = TE 7 etei 
and 
(34) hald) = Oaa) + rna 


which are uncorrelated. 
By zļłuations (4) and (20), the reduced- 
form equation for M, is 


Me = & + (az -+ a661/ 021) Pii 


(35) 

+ sl G1 + -1(3); 
therefoze, 

Mey = Mei — E; M t—1 
(36) = axel” (di1 = Eit) 
a dy_1(3) yai E,_10,-1(3) 
But siace 
tali) — Ey-104-3(3) 

(37) 


= pitra(i) + mli) 
it follcws that 
mei = a(T/ ares Tii) 

+ pser1(3) + 14-203) 


And by the analogue of a previous argu- 
ment (322 the derivation of equation (22)), 


(38) 


(39) reat = Teva + Ime, 
SQ 
(40) Za(1) = paes1(3) + m-1(3) 
and 
41) Bald) = Daa t T ha 
where 

T* = (6150, 63/1, 0) 
and! 


rS = (p18182, p283/@1, 0) 


2 That Z-ı(1) and Z,1(2) are uncorrelated is estab- 
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Now, since Z43(1) and Z,_;(2) are un- 
correlated, 


* ; * A 
E,a—i(i) = Ey—10+—-1(4) 


(42) : 
+ D eG, k) Ze (k) 
k=1 
where 
Ta @ k) a Coala, Z,~-1(k) | 
ViZ-1(k) 
As is readily verified, 
Fe 1) a for ¿i = 1,2 
t = 
f 1 forz = 3 
and 
pil, Meal + T Vald 
rt t + a a 
gaa] eT 


for 1 = 1,2 
0 forz = 3 


where IIf_,(z) is the ith column of II*_,, the 
varlance-covariance matrix of ef; and T* 
is the ¿th element of T*. 

And by equations (37) and (42), 


(43) es (2) = piera(t) — 2d hi (i, k)Z4-1(R) 


F Ut—1 (2) ? 


SO 


(44) Gj) = 


lished by the following argument. Because a is known, 
e¥(3) =0. Therefore, by equation (40), Z,(1) =1,(3). 
And since 2Z,(1) is known at the beginning of day 2, 
21(3) is too. Consequently, 


Ehax(3) = Et[psc0(3) + #(3)] = 01(3) 


and e¥(3) =0, so #2(3) is known as of the beginning of 
day 3. More generally, Z(t) =2(3) and e*(3)=0 for 
tSw, so as alleged, Z:_1(1) and Z;_;{2) are uncorrelated. 
It is a consequence of the particular economic structure 
of Section I, however, that e*(3)=0 and that 1,(3) is 
known as of the beginning of day t+1. In general, it is 
not possible to identify any of the day t disturbances 
at the beginning of day t+1, But this does not matter, 
since for any linear economic structure there exist un- 
correlated transforms of all the natural information vari- 
ables that contain all the information. 
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pali, 7) + Elu(iu(z)] 
* 

— o: l, Dee GOV GAO) 
for 1,7 = 3 


(44) = 


(0 for? = 3orj = 3 


There is the possibility, however, of the 
central bank having used R as its instru- 
ment variable for day t—1. If it did, then 
P and M are its information variables. The 
uncorrelated transforms are 


(45) 24.103) = me + (aed: /e1) bea 
and 
(46) Zeal) = (83/8) Zi(3) — pe 


where pf, is the analogue of 4-1. 
But Zr1(3) = Zs-(1) and Z4) 
= (a/6:)Z,1(2), so Efa is the same, 
whether P was chosen as the instrument 
variable at the beginning of day t—ior R 
was. l 

The central bank, at the beginning of 
day w+1, uses equations (42) and (44)— 
but, as already indicated, repeatedly—to 
get the necessary expectations. Its situa- 
tion at the beginning of day 2w+ 1, or any 
other first day of the week, is exactly the 
same, however, as its situation at the be- 
ginning of day w+1, so we have now com- 
pleted our task of providing all the re- 
quired expectations formulae. 


C. A Generalization 


In this subsection, we provide the ex- 
pectations formulae for the central bank 
which is constrained by an economic 
structure which, although also linear, is 
more complicated than that of Section I. 
These formulae are easy generalizations of 
those derived above. Setting them out, we 
nevertheless make an important point: 
that in deciding open market policy, the 
optimizing central bank “looks at every- 
thing.” This point has been made by 
others, but perhaps not fully justified. 

We assume here that there are K inter- 
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est rates, the kth of which is R.(k), and N 
- monetary aggregates, the wth of which is 
M.(n). At the beginning of day t where 
t=1,2,...,Q the central bank observes 
P,a and Riy(k), k=1, 2,..., K. And at 
the beginning of day t where t=1, 
wtl,...,(s—Lwt1 it observes M,_1(x), 
Mln), ..., Mro(n), w= 1, 2,..., N. 

It is enough to give the formulae which 
apply if.P was the instrument variable for 
` day t— 1. Thus, 


Eas (i) = Eril) 
47 K 
i + Do vali, k)Zi-1(k) 


for t=1, 2,..., IZK+N-+1 and t=2, 
3,..., w, wt2,..., Q where Z,_:(k), 
k=1, 2,..., K are independent linear 
transforms of the 7_3() and 
(Cz Cr-slaali), Zi-1(k)] 
Vi-1Z 4-1 (F) 


Also, 
Mi, j) = pipili, j) + Elu(i)u(y)] 


K 
— Do Yeli, WG, k) ViiZ lk) 


kes] 


(48) 


And, finally, for t=w+1, 2w+1,..., 
(s—1)w+1, 
Eyara(i) = Ey-sa,-1(i) 


K+N 


+ D yeli, DZ 
kal - 


(49) 


where the Z¢_,() are independent linear 
transforms of the 7f.,(k) and the mf_,(k) 
and 
x Chalali), Zi a(k)] 
VR) Se e 
Ve) 


and 


MGD = polial, j) + Elulu] 


50 oe * 
(50) a 2 y (i, bye (, RVi ailh) 


Kes] 
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In deciding open market policy at the 
beginning of day t, the optimizing central 
bank doces then use all of its most recent 
observations, those on interest rates and, if 
there are any, those on monetary aggre- 
gates. So much is clear from equations 
(47) and (49). Nor does it respond to or 
“weight”? its most recent observations in 
an arbitrary way. The weights are deter- 
mined by the economic structure. 


III. An Alternative Strategy 


We have but one remaining task: to 
evaluate an alternative strategy for open 
markez operations. This strategy, which 
we tank of as the intermediate target 
variab_e strategy, is In our judgment the 
strategy the FOMC would be using if it 
were nt at all concerned about day-to-day 
and week-to-week changes in interest rates 
and if the simplifying assumptions of Sec- 
tion I were satisfied. It is, we believe, es- 
sential y like the FOMC’s actual strat- 
egy. That of course is why we bother to 
evaluaze it and why in this section we por- 
tray the FOMC as using it. 

The FOMC has a target path for Y—a 
sequence of target values, that is, one for 
each day of the quarter—which is deter- 
mined at the very beginning of the quarter. 
As above, we take this target path to be 
Y(t)= F, for all t. The question is how the 
FOMC goes about trying to realize its ob- 
jective, which is equality between actual 
Y and / Zor every day t of the quarter. To 
facilitate understanding, we first provide a 

13 In Iormulating our alternative or intermediate tar- 
get variable strategy, we tried to approximate the 
FOMC strategy of 1970-71, which has been described 
by, among others, Stephen Axilrod, Alan Holmes, and 
Paul Meek and Rudolf Tkumberg. There have been 
indicaticns that early in 1$72 the FOMC changed its: 
strategy. but not so far as w2 are concerned in an essen- 
tial way. What the POMC evidently did in January- 
February 1972 was switch from using the federal funds 
rate as Its operating variablz to using a reserves aggre- 
gate. Tc a l appearances, however, it did not give up the 
use of certain variables (for example, the narrowly 


defined s:cck of money) as intermediate target variables. 
And here shat is what is important. 
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rather loose description of how the FOMC 
proceeds. Thereafter, though, we provide a 
precise description. We do this by actually 
deriving the sequence of desired or target 
values for the FOMC’s instrument vari- 
able, denoted by P(t), which is implied by 
Y. Then we compare P(t) and P(t), the 
latter being our optimal value of P for day 
t, and in so doing evaluate the FOMC 
strategy. ` 

The FOMC first decides on a target 
value for Y. Then, using this value, it goes 
on and determines a target path or se- 
quence of target values for M, its inter- 
mediate target variable. And, what is 
most important, it does this at the very 
beginning of the quarter. Nor does this 
sequence of target values ever get revised. 
Whatever happens during the quarter, the 
FOMC continuously strives for equality 
between actual M and successive values of 
the predetermined target sequence. So 
what would seem to be its intermediate 
objective—to repeat, achieving equality 
between actual and target values of M—is 
in a very real sense its ultimate objective. 
But it goes about trying to achieve its in- 
termediate objective in a particular way. 
At the beginning of each week, it deter- 
mines a sequence of target values for R, its 
operating variable, a sequence which, like 
the quarterly sequence of M, never gets 
revised. Over the week, the FOMC tries, 
by managing its portfolio, to achieve 
equality between actual R and the suc- 
cessive values of the predetermined se- 
quence. It thus has not only an inter- 
mediate objective but also what we might 
call a proximate (weekly) objective. 

Unless the economic structure structure 
is very special, however, it is not optimal 
to proceed in this way, using an inter- 
mediate target variable (or an operating 
variable). To put the point differently, it is 
not optimal to use predetermined se- 
quences of target values, sequences which, 
although new observations are received, 
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never get revised. That is what we now 
show. We first derive what for the inter- 
mediate target variable or FOMC strategy 
is the optimal sequence of portfolio values. 
The target path of M is the day 1 path 
of expected values, £,44,, t=1, 2,...,Q, 
determined by the equalities £Y, = f and 
equations (1), (3), and (5). If actual M 
were always on this path and if there were 
no disturbances, then actual Y would al- 
ways be on its target path. The FOMC’s 
intermediate objective is therefore that 


(51) ErM Tin = EM T4h 


be satisfied for all T=1,@+1, 2w+2,..., 
(s—1)w+1i and h=0, i,..., w—1. The 
term ErM rn is of course the expected 
value of M741 as of the beginning of day T, 
the first day of some week. 

But as we have already indicated, the 
FOMC goes about ensuring that equations 
(51) are satisfied in a particular way. At 
the beginning of day T, it determires a se- 
quence of target values for A, its operating 
variable, a sequence denoted by ErRrin, 
where h=0, 1,..., w—1, which satisfies 
equations (51). This sequence is obtained 
as follows. By equations (1), (3), and (5) 


(52) Me = eo taki + Af ti + A'u 
where 


Eo = Ae + goag 


€1 ™ Q4 “+ 1X3 


A, = (pias, pz, 0) 
and 

A’ = (a, 1,0) 
Therefore, 


63): Eu = ecbak Raa eas 
and 
ErM ryn ~ EM tyh 
(54) = é:(ErRrin = E: Rr4n) 
+ Aj (Evatyn—1 — Eidtyn—1) 
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Equations (54), together with equations 
(51), give the sequence, so 


ErRrqn = EiRtin 


(55) A, | 
—— (Erapyn—1— EiT) 
€l 
And since E,Rr4n is the expected value 
of R, obtained from equation (6) with 
Ex ¥ 74 set equal to F, 


EpRon = |Ë — ao — piEieryn—1(1) 


(56) _A; e 
p Errn = Eyar4n-1)|/ 1 


The FOMC’s proximate objective is 
that 


(57) Ery Rran = EvrRos 


be satisfied for all h=0,1,...,w—1. The 
expected value of Ry». as of the beginning 
of day T+-h is to equal the target value for 
Rrin, which is the expected value as of the 
beginning of day T. Why this proximate 
objective will be clear. Along the path 
ErtRr4n, the expected value of Mri, as of 
the beginning of day T is equal to the tar- 
get value of Mr, the expected value as of 
the beginning of day 1. 

And now to get the sequence of values 
for the FOMC’s portfolio, denoted by 
Prin, where h=0, 1,...,w—1, which is 
open market policy for the week. It is the 
sequence which satisfies equations (57). 
' But by equations (20), 


by 
(58) Euan Rein = Yo + = Przn 
+ Tf Erpnerpn—1 


So, by equations (57) and equations (56), 
we derive an expression for Pra in equa- 
tion (59) shown below. 


(59) 


aa = pi ai 
Pryn = — (Y — ôo) — — Eitri — — 
ôi Ôr ôi 
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We are finally in a position to evaluate 
the irtermediate target variable strategy. 
This we do my comparing Pri, and Pre, 
the value of the FOMC portfolio which 
minimizes expected loss. Since 


= onl; = (Pn, 0, 0) 


It follows from equations (15) and on) 
that 


PI 
(60) = FA (Erpperyn—1 — Ey@rin-1) 


ect Aj (Exapyn—1 — Ey@ryn-1) 
1€1 

But br equation (69), Prin— Prin van- 
ishes fcr T=1,w+1,..., (s—i)w+1 and 
h=0,1,..., w-—1 if, and only if, pi=pe 
=. Thus, except on the first day of the 
quarter, the FOMC’s way of determining 
its portfolio (in open market policy) is op- 
timal zf, and only if, pi=pe=0. Yet, 
pi=p2=0 means that the disturbances of 
equations (1) and (3) are not serially cor- 
related or, more generally, that the past 
influences neither the private sector’s de- 
sired expenditure for newly produced 
goods and services nor its desired stock of 
demand deposits. And this, it would seem, 
is not what most economists believe. 

There are economists (we might call 
them monetarists) who have, though, ad- 
vocated that the FOMC use M as, in 
effect, its ultimate target variable or, what 
comes to the same thing, that it start off 
the quarter by determining a target path, 
E,M,, and strive through the quarter to 
stay on this path. It would therefore seem 
worthwki‘e to get conditions under which 
it is optix:al to use M rather than Y as the 
target veriable. We do so, however, on the 


" 
ly ET4hälT4mi — PE Aj (Erart4n-1 — Eiaryn—1) 
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assumption that the value of P, is deter- 
mined directly from 


(61) EM, = EM, 


The value so determined is Ês. And, by 
equation (35), 


a a 1 ay ay 
Ê,— P= ( — Af — — TY — — 4; 
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(62) 
` (Ertr-1— Frais) 


But since 


O13 Œi 
WULE i a 
a4 F as a4 + &az 


It is immediate that P,= P, if, and only if, 
4, po=0 OT py, po=0. 

Those who would have the FOMC use M 
as in effect its ultimate target variable evi- 
dently believe therefore either that the 
past influences neither the private sector’s 
desired expenditures nor its desired stock 
of deposits or, what is more likely, that 
neither the past nor the rate of interest 
influences the private sector’s desired 
stock of deposits. This does not seem ter- 
ribly likely. But even if we accepted that 
the private sector’s desired stock of de- 
posits is not influenced by the past or by 
the rate of interest, we would not get op- 
timality for the FOMC strategy. It in- 
volves the substitution of M for Y as the 
ultimate target variable. It also involves 
choosing a sequence of target values for its 
operating variable, R, at the beginning of 
each week. And that is what is not optimal, 
even on the assumption that the private 
sector’s desired stock of deposits is not in- 
fluenced by the past or by the rate of inter- 
est. The proof of this is easy. By equation 


4 Tt will be noted that if h=0, then equations (60) 
and (62) are the same. What this means is that, given 
M as the ultimate target variable, the FOMC strategy 
is optimal for the first day of the week. 
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(60), if œs, p= 0 and p:x0, then Py Pr. 

We must point out before concliding, 
that in evaluating the intermediate target 
variable or FOMC strategy, we have been 
concerned entirely with the implied value 
of the given instrument variable P. But 
P= P is only a necessary condition for op- 
timality. The implied value for P could be 
P and still the FOMC strategy might not 
be optimal. For there is another possible 
instrument variable, R, which the 7OMC 
could be well advised to use. Some have 
denied this possibility. By inequalities 
(16), however, œs, p2=0 (or pr=p2=0) 
does not imply that P is the better instru- 
ment variable. 


IV. Conclusion 


We began by setting out certain simpli- 
fying assumptions and we must now, in 
ending, be clear on what it means, our 
having made these assumptions. So far as 
we know, what we have provided in this 
paper is not the optimal strategy for open 
market operations but only an optimal 
strategy. Had we started out with different 
assumptions, we likely would not have 
come to exactly the strategy of Sections I 
and II. And we might not have found the 
intermediate target variable strategy of 
Section III to be generally sub-optimal. 
We are disposed to think, though, that we 
would have. 

Some readers may already have dis- 
missed our conclusion about the sub- 
optimality of the intermediate target 
variable strategy (or, more particularly, 
the FOMC strategy) as being of no practi- 
cal significance. In deriving it, did we not 
use what even we described as an unrealis- 
tic assumption—to wit, that the central 


15 Unless of course we had started out by assuming 
serially uncorrelated residuals. (Recall cur having 
shown that with serially uncorrelated residuals the 
strategy of Section III is optimal.) We have in mind the 
possibility of having started out by allowing for uncer- 
tainty about the values of the constants and coefficients 
of the economic structure. 
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bank knows with certainty that version of 
the economic structure which holds over 
the decision period or, as we would say, 
over days? Think of the FOMC. Its de- 
cision period is the calendar day. And can 
it seriously be maintained that the FOMC 
knows with certainty that version of the 
U.S. economic structure which deter- 
mines, inter alia, daily GNP and daily 
averaze interest rates? For one thing, the 
U.S. Department of Commerce has yet to 
provide estimates of monthly GNP, to say 
nothing of daily GNP. 

Yet, even if we had been confident of 
our ability to manage with any assump- 
tions whatever, we would not have started 
off by assuming that the central bank 
knows nothing about that version of the 
economic structure which holds over the 
decision period, but rather that it is uncer- 
tain about constant and coefficient values. 
And why? Well, consider the FOMC’s 
situation. It presumably knows, although 
not with certainty, that version of the 
U.S. economic structure which holds over 
calendar quarters or which determines 
calendar-quarter GN P and, say, the quar- 
terly average stock of money. All the vari- 
ous versions of any economic structure 
must, however, be consistent. So there is a 
version of the U.S. economic structure 
which holds over the calendar day and 
which, being implied by the version hold- 
ing over the calendar quarter, the FOMC 
could come to know, although again not 
with certainty. 

We are not saying that the FOMC 
actually knows that version of the U.S. 
economic structure which determines cal- 
endar-day GNP, but only that by spend- 
ing sufficient time and money it could. 
This being so, it would not have been un- 
reasonable if we had started out by assum- 


83 Quite obviously, there may be several different con- 


sistent versions of the structure which holds over the 


decision period. There is one version, however, of which 
all of these versions are special cases. 
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ing thet the central bank knows, if with 
uncerteinty, the decision period version of 
the economic structure. At issue therefore 
is whether on this assumption the inter- 
mediate target variable strategy of Sec- 
tion III is optimal. And as we have al- 
ready indicated, we are doubtful. The 
point is that the use of an intermediate 
targe: variable necessarily involves some 
waste of information which, if initial condi- 
tions matter, is valuable. And it is difficult 
to imagine the waste of valuable informa- 
tion being optimal, even for a central bank 
which is uncertain about the appropriate 
version of the economic structure con- 
strain. ng it.’ We must admit, however, to 
having no idea how far from optimal the 
FOMC’s strategy is. Nor will we until we 
have cetermined the optimal open market 
strategy for a central bank which is uncer- 
tain about the version of the economic 
structare which holds over its decision 
period 


APPZNDIX 
Debostt Stock Observation Errors 


One of our information assumptions was 
that at the beginning of the first day of each 
week, the central bank gets error-free obser- 
vations on the deposit stock for all the days 
of the week just past. We might, however, 
have made a more realistic assumption: that 
it gets only estimates for the days of the 
week just past and, at the same time, error- 
free observations ior the days of the week 
before zhat. Actually, it would not have 
made all that much diference if we had; our 
optimzl strategy would not have been much 
differen. But since the FOMC initially gets 
estimates of the daily deposit stock, it is per- 


17 We note in passing, for the benefit of those who 
might wart to insist (in our view, quite mistakenly) on 
complete ignorance of the decision period version of the 
economic stricture, that this can hardly imply use of 
one or severel intermediate target variables. Such use 
necessarily involves changing the value of the instru- 
ment variekle from decision period to decision period. 
But if igrocence is complete, there is no way, other than 
by guessing, of determining the appropriate new value 
for the instrament variable. 
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haps worth explaining how the introduction 
of observation errors changes the optimal 
open market strategy. 

To anticipate, the central bank’s expecta- 
tions change with the introduction of deposit 
stock observation errors. It gets its expected 
values of, say, initial conditions exactly as it 
would if there were no observation errors, by 
using observations on all information vari- 
ables and such estimates of the deposit stock 
as are available. But, again, its expectations 
are not the same as they would be if there 
were no errors of observation. Nor Is the se- 
quence of optimal values for the instrument 
variable(s); as will be recalled, expectations 
of initial conditions partly determine op- 
timal policy. The central bank proceeds, 
however, exactly as it would if there were no 
observation errors; in determining its op- 
timal instrument variable and the optimal 
value thereof, it uses formulae entirely 
analogous to those given in the text. 

The estimate of the deposit stock for day t 
is 


, M, =M +n 
where % is normally distributed, 
Eit = 0 


Vive = Ve for h = 0 


QO otherwise 


Ex(0rtt4n) = ‘ 


and 
Efuli] =0 for allt 


The central bank starts off the first day of 
the quarter with full information, except 
about the daily deposit stock. For the last 
week of the quarter just past, it has only 
estimates of the daily deposit stock. Not 
knowing Mo, it therefore goes back, as it were 
to the beginning of the day —(w-—1), the 
first day of the last week of the quarter just 
past, and calculates 4&4. (Since it has full in- 
formation, determining these initial condi- 
tions is a simple exercise in arithmetic.) 
Then, using the calculated a_,, observations 
of Yo41 and P_.4 or Ro and the estimate 
M-o, it calculates the revised expectations 
E*_o420—04, and [i_.49. There is a generaliza- 
tion of equation (17) whick does not require 
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that the X’s be uncorrelated and a particular 
version of this generalization is what the cen- 
tral bank uses. It proceedsday by day through 
the last week of the quarter just past and 
ends with the needed expectations £fe, and 
IT; where as can be shown 


0 0 0 
fl, = 7V7] 0 1 ee O<r14<i1 
0 1 1 


Having come up with Efa and Th, the 
central bank is able to determine open mar- 
ket policy for the first day of the current 
quarter. Using Îi, it determines which is the 
better instrument variable, P or R.38 And 
using Eta, it determines the optimal value 
of its chosen instrument variable. 

At the beginning of day t, where t=2, 3, 

.., w, the central bank uses equations 
which are just like equations (18) and (29), 
except that I, appears in place of I. 

At the beginning of the first day of the 
second week, the central bank observes the 
daily deposit stock for the days of zhe last 
week of the previous quarter and gets esti- 
mates for the days of the first week of the 
current quarter. It therefore starts off the 
second week knowing ap: So it is able, using 
the known a and the estimates My, Ke... 
M, to revise its expectations of a, t=1, 2, 

..,@ and thus come to an expected value 
for augi. ' 

Because M, is only an estimate of Ma, 


the = =E M, eer 
It follows that 
2,11) = tite i ast = Z1) + % 
and 
2(2) = (bs/on)&(1) + ri = Z2) 
+ (83/01) vs 
But then 4(1) and 4(2) are corre:ated, so 


with observation errors the revised expecta- 


18 Tt might be expected that by increasing Vv, R can 
be made the optimal instrument variable for day 1. 
And, indeed, if papa, that is so. If p2==p3, however, 
then inequalities (16) apply unchanged. 
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tions of the a,_1(i), or of initial conditions for 
day t, are?’ 
* * 2 
E, asi(t) = Erit(i) + 2, hili, k)&-1(k) 
k=l 


where 


j (i, sd 
$e (4, 2) 
= [Bat] Chale, aa] 


and 


Sa = [#1(1), 4-2(2)] 
Finally,” 
a ae ee: ie ; . 
fh, (2,9) = pipii, j) + E\u(i)u(7)| 
aK at a gh Re pes 
— $i (i) Ex (S181) bt (9) 
18 These equations are substitutes for equations (42). 


2 ‘These equations substitute for equations (44). Note 
that fi* =0. 


MARCH 1973. ; 


REFERENCES 


S. Axilrod, “The FOMC Directive as Struc- 
tuted in the Late 1960s: Theory and Ap- 
przisal,” in Open Market Policies and Oper- 
atinz Procedures: Staff Studies, Washington 
1971, . 

A. Holmes, “A Day at the Trading Desk,” 
Mecnthly Rev., Fed. Reserve Bank New 
Yo-E, Oct. 1970, 52, 234-38. 

J. H. Kareken, “The Optimum Monetary In- 
strument Variable,” J. Money, Credit, Bank- 
ing Aug. 1970, 2, 385-90. 

P. Meek and R. Thumberg, “Monetary Aggre- 
gates and Federal Reserve Open Market 
Operations,” Monthly Rev., Fed. Reserve 
Bank New York, Apr. 1971, 53, 80-89. 

W. Pccle, “Optimal Choice of Monetary Policy 
Instruments in a Simple Stochastic Macro 
Mode,” Quarterly J. Econ., May 1970, 84, 
197-216. 


A Dynamic Theory of Compatative 
Advantage 


By Rocer W. KLEIN* 


The purpose of this paper is to explain 
two aspects of international trade in the 
post-World War II period. First, U.S. 
firms, operating within the United States, 
are often the first to innovate, develop, 
and produce new products. Second, the 
U.S. advantage in producing a new pro- 
duct often eventually shifts to another 
country, implying that the product is 
produced by either a foreign firm or a for- 
eign subsidiary of a U.S. firm.’ By explain- 
. ing why and when U.S. firms establish for- 
eign subsidiaries, this paper therefore at- 
tempts to explain why multi-national U.S. 
firms are formed. 

A dynamic theory of comparative ad- 
vantage, which helps explain the multi- 
national firm, is formulated in Section I. 
It differs from previous formulations by 
recognizing that firms engage in Research 
and Development (R&D) to learn about a 
product’s production process. By incor- 
porating this learning activity into the 
traditional production function and speci- 
fying its dynamic properties, a dynamic 
theory of comparative advantage will be 
developed. Section II argues that this 
theory applies to the United States, and 
section III derives a test of this theory. In 
Section IV, in addition to discussing the 
results of this test, the theory developed 

* Assistant professor of economics, Purdue Univer- 
sity. This paper was adapted from my Ph.D. thesis, 
written at Yale under Tibor Scitovsky, David Grether, 
and John McGowan. I am very grateful for their helpful 
comments and suggestions. I am also very much in- 
debted to Henry Grabowsky for supplying data on R&D 
expenditures of pharmaceutical firms and to Paul de 
Haen for supplying data on new products. Burton Klein 


and John Carlson also provided helpful comments. 
1 See the Department of Commerce. 
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here will be compared with alternative ex- 
planations of the behavior described above. 


I. A Dynamic Theory of 
Comparative Advantage 


The Importance of Learning 


One can distinguish two sources of a 
country’s comparative advantage in pro- 
ducing a new product. First, a country 
might derive its advantage from employ- 
ing learning factors (scientists and engi- 
neers) to learn about and improve the pro- 
duct’s production process.? Second, given 
that the production process is completely 
known, a country might have an advan- 
tage in employing capital and labor to pro- 
duce it. For reasons which will become ap- 
parent below, denote the former as the 
learning advantage and the latter as the 
static advantage. Then, in a two-country 
world, assume country I has a learning 
advantage while country II has a static 
advantage in producing commodity a. If 
the learning advantage dominates the sta- 
tic advantage, country I will have a com- 
parative advantage in a. However, if 


„country I’s learning advantage declines 


over time, as either opportunities for addi- 
tional learning are exhausted or as foreign 
countries learn about a@’s production pro- 
cess, comparative advantage in @ may 
shift to country II. This argument, there- 
fore, suggests that one can formulate a 
dynamic theory of comparative advantage 
by formalizing the learning activity. 


2 Since many aspects of the production process for a 
new product are unknown, firms allocate resources (sci- 
entists and engineers) to learn about the product’s pro- 
duction process. 
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Assumpitons 


Assume that all firms are perfectly com- 
petitive and that firm 7 has the following 
production function for a specific com- 
modity: 


qi = Si(Z)-G,(K, L) 
Z = (2,..., Zn 


5; 1s frm 2’s knowledge function, which de- 
pends on a vector of cumulative variables. 
When a distinction is important, z will be 
denoted IN for the innovator (assumed to 
be a domestic firm), d for domestic firms, 
and f tor foreign firms. Then assume: 


(a) OS;/d2; > 0; 8°/S;/d2? < 0 


The marginal products of learning factors 
are positive and diminishing. 


(b) Maximum (S; = Limit (S) = 1 


ZO a 


There is an upper, asymptotic bound on 
the knowledge function for a specific prod- 
uct.® 


(c) Sa(Z) > SZ) > 0 


For a fixed level of learning factors, Z, all 
domestic firms have a learning advantage 
over foreign firms. 

(d) Domestic firms must produce in the 
domestic country to realize the advantage 
stated in (c). 

(e) The following notation depicts long- 
run cost functions, exclusive of R&D 
expenditures, at time t for the 7th firm that 
entered the market at time s: 


3 When S= 1, G:(K, L) becomes the production func- 
tion. If K and L were immobile among countries, com- 
parative advantage would now be determined by Heck- 
scher-Ohlin conditions. Indeed, one could describe a 
Heckscher-Ohlin world as one in which all factors are 
immobile end the stock of knowledge is constant. 

* These are long-run cost functions in the sense that 
captial, K, and production labor, Lp, are completely 
variable. Management, Lm, is assumed to be fixed over 
the firm’s !ong-run decision horizon. These cost curves 
will then be U-shaped. 
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AC} = Average Cost | 
NLACh= Average Cost when jemno 
ceases, i.e., when S;~1 >- 


Assume: 

i) min (WLAC) <min (NLAC}), for 
all s, t. Foreign firms ( f) have an advantage 
in terms of K and L (the static advantage). 
For simplicity, assume these average cost 
functions are constant. 

ii) In nominal terms, the domestic 
learning advantage (c) initially is suff- 
ciently larger than the foreign static ad- 
vantage to imply: 


min (AC) < min (ACH), 


fors <t, and t<v 


‘While the learning advantage dominates 


the static advantage (until time v), do- 
mestic firms can produce the commodity 
at a lower minimum average cost than for- 


eign firms. 
(f) Fer simplicity, assume: | 
Si(B1, -o o Bm) = Saz) Siz) (22) - . « Simm) 


(g) All countries have identical prefer- 
ence maps and either identical incomes or 
homothetic preference maps. To empha- 
size the dynamics of learning, this as- 
sumption is made to guarantee that de- 
mand factors do not determine compara- 
tive advantage. 

The second porticn of the production 
function, G,(K, L), will be termed the sta- 
tic production function; it is the produc- 
tion function when tke stock of knowledge 
ceases tc increase (S;~1) and depends on 
capital, K, and labor, L. In addition to 
the properties usually attributed to pro- 
duction functions, assume G exhibits con- 
stant returns to scale and is the same for 
all countries. 


Formulation of the Theory 


Let a particular firm have the following 
product:on function at time t for a given 
product, a: 
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ge = S(Qt-1, RDi-1) -G(Ki, Le) where: 
teI 
Qi-1 = cumulative output = >> @ 
kas] 


tI 
RD,-1 = cumulative, real R&D = >> rd, 
. k=l 


Qı reflects “learning by doing” and is 
assumed to be exogenous (see Kenneth 
Arrow, pp. 165-73), while RD,_, reflects 
ReD-learning (allocating resources to 
learn about a product’s production pro- 
cess) and is assumed to be endogenous. 


Since rd, is an endogenous variable af- 
. fecting all future production levels, a profit 
maximizing firm chooses rds, q, Ki, and Ly 
to maximize its discounted profit stream. 
This behavior can be simplified because 
these values of q, Ka, and L, also maximize 
period t’s profits. Moreover, firms can em- 
ploy research factors to learn about a com- 
modity’s production process without pro- 
ducing it commercially.’ Consequently, 
firms can separate learning decisions from 
production decisions. 

This separation implies that firms only 
consider period t’s profits when they de- 
cide to begin or cease production. These 


decisions, therefore, can and will be formu- . 


lated in terms of cost curves. A firm begins 
or ceases production according to whether 
price exceeds or is less than its minimum 
average cost (excluding R&D expendi- 
tures). 

In addition to the firm behavior out- 
lined above, assume the innovator (a do- 
mestic firm) maintains a monopoly posi- 
tion for b periods, i.e., barriers to entry 
disappear after period b. When the innova- 
tor loses his monopoly position, let the 
number of entering firms be sufficiently 
large that price is taken as given. Then, 


5 Commercial production begins when a firm has some 


knowledge of its product’s production process and knows 
that there is a demand for its product. Prior to this, 
firms may and probably will engage in pilot-plant pro- 
duction (exploratory, small-scale production). 
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prior to period b, the innovator produces in 
the domestic country to exploit his learn- 
ing advantage (Assumptions c, d, and e) 
and maximizes profits by equating mar- 
ginal revenue to marginal cost. 

In period b+ 1, due to their learning ad- 
vantage (Assumptions c, d, and e), only 
domestic firms enter the market. All firms 
equate marginal cost to price and entrance 
ceases when price equals the marginal 
firm’s minimum average cost. Since all 
firms entering in this period are marginal 
firms,® price is determined by their min- 
imum average cost. Measuring profits ex- 
clusive of R&D expenditures, the firm that 
first entered the market earns a positive 
profit, while all other domestic firms’ prof- 
its are zero. Subsequent periods can be 
described analogously; intramarginal firms 
earn positive profits, while marginal firms 
(those just entering the market) earn a 
zero profit. 

Eventually, since the knowledge func- 
tion is bounded and the foreign country nas 
a static advantage, domestic firms will 
begin to shift their production to the 
foreign country. In other words, eventu- 
ally the advantage of producing in the 
foreign country will outweigh cost reduc- 
tions obtained by remaining in the domes- 
tic country to exploit the learning ad- 
vantage. If the United States is the domes- 
tic country, therefore, this formulation 
would explain why comparative advantage 
often eventually shifts away from the 
United States. This in turn would explain 
why U.S. firms establish foreign subsidiar- 
ies. 


II. The U.S. Learning Advantage 


To identify the United States with the 
domestic country and apply the theory 
formulated above, one must show that 
U.S. firms have a learning advantage, and 


ê Because of cumulative variables in knowledge func- 
tions, marginal domestic firms are those that have most 
recently entered the market. 
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that this advantage can be realized only by 
producing in the United States. The U.S. 
learning advantage results from the high 
marginal products of learning resources 
(scientists and engineers) in U.S. firms 
relative to other countries.’ First, scientists 
and engineers in U.S. industry are evenly 
distributed between production (37 per- 
cent) and R&D (35 percent), with a signif- 
cant percentage in management and ad- 
ministration (8 percent) .° Comparable data 
for other countries have been found for 
Greece, the United Kingdom, and Can- 
ada. With the exception of Canada,’ the 
distribution of scientists and engineers is 
skewed in these foreign countries relative 
to the United States. In Greece, 91 percent 
of the scientists and engineers are engaged 
in production,’® while in the United King- 
dom, the ratio of research to production 
scientists is five times that in the United 
States." 

Additional country data are necessary 
to determine to what extent Canada is an 
exception in having an even distribution of 
scientists and engineers throughout all em- 
ployment levels of Canadian firms. One 
can ccnclude that the distribution of scien- 
tists and engineers throughout all employ- 
ment levels in U.S. firms has contributed 
to their high marginal product in three 
ways: by facilitating the ability of plant 
managers to transform R&D output into 
production; by increasing the ability of ex- 
ecutives to evaluate research activity; and 
by increasing communication within the 
firm. 

For instance, according to Robert Korn- 
hauser: 


7 Scientists and engineers are engaged not only in de- 
veloping and improving production processes but also 
in developing new products. Consequently, if their 
marginal product is higher in U.S. firms, these firms 
must have an advantage in innovating in addition to 
learning. 

3 See OECD, p. 174. The importance of this even dis- 
tribution is shown below. 

® OECD, p. 152. 

1¢ See OECD, p. 152, 

11 See Merton J. Peck, pp. 454-86. 

2 See Peck, pp. 454-86. 
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.. . the chairman of the board at Amer- 
ican Brake Shoe Company asserts that 
the research department might have 
failed many times to get a new product 
into manufacture if there had not been 
men with an engineering background in 
management. [p. 176] 


The above discussion dealt with inte- 
grating research personnel into the firm to - 
increase the effective utilization of re- 
search Second, and equally important, is 
integreting management into research de- 
partments. A study of 405 research labora- 
tories in the United States found that the 
research director usually had scientific 
training (Kornhauser, p. 176). In an inter- 
country comparison of R&D, the Organiza- 
tion for European Economic Cooperation 
(OEEC), stresses the importance of such 
training: 

If applied researca programmes are to 

be efective and research organizations 

mzke their full contribution, they must 
be soimdly and well administered. More 
attention should be given, as in the 

United States, to the training of research 

directors combining the qualities of the 

scientist and the manager. [p. 70] 


Third, the marginal product of scientists 
and engineers is also higher in the United 
States because of the close cooperation be- 
tween the university, government, and in- 
dustry. The OEEC study (p. 70), found 
that this cooperation was greater in the 
United States than in Europe. 

Finally, U.S. firms provide a very favor- 
able environment for research and develop- 
ment. Industrial laboratories have re- 
placed amateur inventors and unplanned 
individual innovation everywhere, creating 
potential conflicts within the firm between 
scientists and management. Kornhauser 
has analyzed these conflicts and has shown 
that U.5. firms have been very successful 
in resolving them, thereby creating a favor- 
able environment for R&D in U.S. in- 
dustry. A lack of data prohibits inter- 
country comparisons, but of eleven coun- 
tries studied by the Organization for 
European Cooperation and Development 
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(OECD) in 1963, the United States had the 
highest percentage (74 percent) of scien- 
tists and engineers in industry (see OECD, 
p. 117). This suggests that U.S. industry 
may provide a more favorable environment 
for these learning factors. 

To apply the theory in Section I to the 
United States, one must show not only that 
U.S. firms have a learning advantage, but 
also that this advantage is limited to the 
geographical confines of the United States. 
Preceding arguments have only shown that 
U.S. firms have a learning advantage. One 
can show, however, that this advantage 
is best realized by producing in this coun- 
try. 

First, excellent communication between 
the university, government, and industry 
was listed as an important factor above, 
and this is clearly confined to the United 
States. Second, most of the R&D facilities 
of U.S. firms are located in this country, 
which is due partly to the excellent com- 
munication just mentioned. Third, the 
bulk of existing production facilities of 
U.S. firms is located in this country. Many 
innovations consist of modifications and 
improvements of existing products and de- 
velopment of related products. Existing 
production facilities, therefore, are both 
suitable and useful in the early production 
stages. This latter factor diminishes in im- 
portance as U.S. firms establish produc- 
tion facilities abroad. Nevertheless, it is 
evident from this discussion that the U.S. 
learning advantage is currently confined to 
this country. 


III. Testing the Theory 
The Model 


To test this theory, a model has been 
formulated to explain the behavior of a 
cross-section of U.S. firms over time. The 
model contains four equations that explain 
applied research expenditures, new product 
innovation, research expenditures for pro- 
cess improvement, and the difference be- 
tween foreign subsidiary sales and domes- 
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tic sales. Since data have been found only - 
to estimate the last equation, which tests 
the theory, only this equation will be dis- 
cussed and estimated.” 

The microtheory formulated in Section 
I requires one to specify this equation for 
an individual commodity: 


FS st == DS st 
= De (FM) + h- (Fi oa §4j(RDijt-1)) 
2 
TS t ay: (M;) + tij 


(1) 


In equation (1), subscripts z, 7, and t refer 
to firm i, product j, and time t. The vari- 
able FS; denotes foreign subsidiary sales, 
DS; denotes domestic sales. The variable 
FM; is a dummy for product 7 that equals 
one in the first year that product 7 is 
marketed and zero otherwise. The variable 
F,;, which is less than one, is the value of 
the knowledge function, S, when domestic 
firms switch production to the foreign 
country. In other words, it is the value of S 
when the foreign static advantage out- 
weighs the domestic learning advantage. 
The function $,;(RD,;_-1) is firm 7’s esti- 
mate of its knowledge function for product 


j.4 The variable T'S;;-1 denotes total sales 


(domestic plus foreign). The variable W; is 
a dummy for product 7 that equals zero in 
the first that year product 7 is marketed 
and one otherwise. The variable x is the 
disturbance term, and ¢j,, cj, and # are 


negative constants. 


> 
» 


Because of the nature of the dummy 
variables, FM; and M;, and except for the 
disturbance, f is the only nonzero term in 


t Even though only one equation will be estimated, 
the estimation procedure will take into account that it 
is part of a simultaneous equation model. For a com- 
plete discussion of equations in the model not discussed 
here, see my Ph.D. dissertation. 

1 Assuming firms attribute all learning to R&D 
(learning by doing is exogenous and relatively unim- 
portant), Si; depends only on cumulative R&D. Further 
assuming that firms decide in period t—1 whether or 
not to switch production locations, Si depends on 
RD ijt-1- 
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the equation when product 7 is first pro- 
duced. Similarly, cj is the only nonzero 
term when §;;=F,;. Consequently, — c} 
` equals domestic sales when product j is 
first produced, while — c} is the level of 
domestic sales immediately prior to the 
establishment of a foreign subsidiary. 

In other years, the explanatory term is 
h-(Fi;—S,;), which is directly related to 
the theory in Section I. Since # is negative, 
domestic production expands when domes- 
tic firms conclude that their opportunities 
for learning are sufficiently large (Sy; < Fi) 
to justify producing all of product j in the 
domestic country. When these firms be- 
lieve that additional opportunities for 
learning are small ($; >F), they begin to 
shift production of product j to the foreign 
country. When this occurs, foreign sub- 
sidiary sales expand. 

The size of period t’s domestic or foreign 
subsidiary sales depends not only on the 
knowledge function, but also on consumers’ 
acceptance of the product. The term F; 
—$,;(RDj-1) is multiplied, therefore, by 
the firm’s sales of product j in period t—1.¥% 

To test this equation, since data were 
unavailable for individual products, it was 
aggregated over all products:” 


16 One might prefer to employ real rather than nom- 
inal sales data. In the pharmaceutical industry, which 
will be used to test the theory, prices have remained 
relatively stable. Consequently, nominal sales are ap- 
proximately equal to real sales. l 

16 ‘This is particularly important in the pharmaceuti- 
cal industry, because doctors and other purchasing 
agents do not have time to evaluate each of the many 
drugs intrcduced each year; to a large extent they rely 
on informetion distributed by drug firms. That firm, 
celeris paribus, which has been most successful in dis- 
tributing such information will have the greater sales 
in period t. Let 7'Sij1_1 measure the success with which 
this information has been disseminated. 

1 This equation was derived to explain shifts in com- 
parative advantage. Since production costs are low in 
the pharmaceutical industrial, tariffs and/or tax dif- 
ferentials may be important in determining the location 
of foreign subsidiaries of U.S. firms. In this event com- 
parative advantage, as traditionally defined, would not 
necessarily shift to the foreign country. Nevertheless, 
the theory formulated here still applies; U.S. firms 
establish foreign subsidiaries when tariff and/or 
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(FS a — DS it) 
Pit 
=h. $, [Fa — Si( RD) TSi] 
(2) jul 


Nit (PiN) 
+E (on) + È (ce) 
jel jel 
Pit 
+ >» Uist 
j=l 


In equation (2) Pa is the number of prod- 
ucts produced and Na the number in- 
troduced by firm z at time t. Because data 
have nct been obtained for most of the 
variables in equation (2), the following as- 
sumptions are made to transform (2) into 
a form in which it can be estimated: 

(i) In choosing research factors, reiz, as- 
suming the shortest horizon possible 
yields?? 

resi, = Ba TSijysd(l) + eij 

where £,, denotes the firm’s estimate of E,, 
the elasticity of learning with respect to 
learning factors (res); TSijt41 denotes the 
firm’s estimate (made at time t) of total 
sales at time t+1; d(1) =1/(1++7) is a con- 
stant discount factor; e: is a disturbance 
term. Further assume: 


Ey = ol — §;(RD)), a> 0% 
Sip = (1 + DTS g > 0° 


tax considerations dominate future opportunities for 
learning. 

18 Since new-product demand is uncertain, a firm may 
adopt the shortest planning horizon possible. 

19 This sp2cification states that the elasticity, E, de- 
pends linear_y on the distance of S from its upper bound; 
it is largest when learning first begins and subsequently 
declines. Th-s corresponds to the assumption that learn- 
ing consists initially of major breakthroughs, which are 
followed by refinements. When learning ceases (S= 1), 
E is zero as one would intuitively expect. It is interest- 
ing to note that those who argue that R&D expendi- 
tures bear a constant relation to sales may be implicitly 
assuming tha: this elasticity is constant. 

20 Since period t-+1’s sales of product 7 are unknown 
at time t, the firm must estimate them. One could argue 
that estimated sales in period t+1 are a distributed lag 
function of past sales. This possibility was not explored 
because of the small data sample. Instead, it was simply 
assumed tha: sales are expected to grow by some con- 
stant proportion, g. 
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(ii) A firm’s total sales depend on prices, 
the “newness of its product,” etc., but not 
on the switching point F,,, Consequently, 
Fy; and TSi are uncorrelated, implying 
that 


[So Pa /Pal) > TS = Fia TS 
j J 


-is an unbiased estimate of 
D Fi TSijt-1 
j 


Assuming Fa œ F, i.e., Fa is approximately 
constant: 


De, Fiy TSita = F-TSis 
j 


(iii) Define ĉ& and ¿į as: 


b: 


Cit > (c; a Nit); 


| Nit 
ł jal 
| 
} 


: (PHt-Nit) 
Cit 2 


j=l 


(cij/(Pa — Na) 


‘Assuming h, =c} and č ~c?, i.e., these 


means are approximately constant, yields: - 


1 1 2 2 
2 Cii 6 Nas 2 Ci; = È (Pit es Nit) 


i Then, substituting (i), (ii), and (iii) into 
equation (2) yields an estimatable equa- 
tion: 


(3) (FS, = DS it) = beii + baT Sina 


+ bN i + OCP — 
In equation (3): 


Nit) + Wi 


bı = h/(a-d(1)) `< 0 since k < 0 and 
a-d(1) > 0 

bs = —h(1 — F) > 0 since kh < 0 and 
F<1 

beH=cda <0; bec <0 


Wu = 2 Uit; + tÈ Vijt—lj 
neal ea lee 
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The Data 


Complete data were obtained for three 
nonproprietary drug firms for the period 
1962-68 and for an additional firm ior the 
period 1964-68. The sample of twenty-six 
observations was obtained by pooling a 
cross-section of these firms. 

A National Science Foundation ques- 
tionnaire (NSF #1) was used to determine 
domestic sales. These were definec to be 
sales of U.S. firms located in the United 
States. Total sales were obtained from the 
Compustat Tape (Standard Statistics Co., 
Inc.). Foreign subsidiary sales of each drug 
firm were then derived by subtracting do- 
mestic sales from total sales. 

R&D data for these firms were elso ob- 
tained from the NSF questionnaire. Ideally 
one would want R&D expenditures allo- 
cated to process improvement. Tke NSF 
questionnaire classified RaD experditures 
as basic, applied, or developmert. The 
latter appears to correspond closely to ex- 
penditures for process improvement. The 
National Science Foundation has defined 
these expenditures to include: 

The design and operation of pilot plants 

or semiworks plants so long as the prin- 

cipal purposes are to obtain experience 
and to compile engineering and other 
data to be used in evaluating hypotheses, 
in writing product formulas, or in 2stab- 
lishing finished product specificetions, 
in designing special equipment and 
structures required by a process and in 


preparing operating instructions o> man- 
uals. 201 1968), p. 137] 


Unfortunately, in addition to prozess im- 
provement, these data include expendi- 
tures for “writing product formulas” and 
“establishing finished product specifica- 
tions.” In other words, expenditures for 
testing new drugs are included in this 
category. Furthermore, due to more re- 
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strictive drug legislation, which became 
effective in 1963, these testing costs have 
increased in the sample period.” 

Although data on testing costs were un- 
available, they can be estimated by making 
several assumptions. Paul de Haen classi- 
fies New Drugs as new single ingredients, 
duplicate single ingredients, combination 
products, and new dosage forms. Most 
testing costs are undoubtedly incurred for 
the first of these, new single ingredients. 
Assume further that the cost per product 
changes only in response to changes in 
drug legislation. Denote aj, and aj, as the 
costs of testing new drugs in the periods 
1960-62 and 1963-68, respectively. Then, 
since ay, and a, are fixed costs, ren, firm i’s 
expenditure for process improvement at 
time t, is given by equation (4): 


, l 
Teit = fein — laa (di NSi) 


(4) 
-+ aa (da: NSa)] 

In equation (4) Tei is firm ?’s development 
expenditures, defined according to the 
NSF definition. 


Bit = >) { cess/N iat ; ai = > { cxis/N ie} 


3 i 


d, and d are dummy variables correspond- 
ing to the periods 1960-62 and 1963-68, 
respectively. The term NS denotes the 
number of new single ingredients firm 7 
introduced at time t.22 Assume that a}, and 
a, are constant, i.e., an=a! and a=. 
Then, substituting equation (4) into (3), 
and letting d==—a!-b; and b= — a-b 
yields equation (5) which will be estimated: 


(5) (FSx — DSi) = 


41 This legislation consists of the Kefauver-Harris 
Drug Amendments and Investigational Drug Regula- 
tions. 

2 See de Haen (parts IT and IV). I would like to 
thank him for supplying thése data. 
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= byren1 + baT Sai + bo it 
+ bs( Pit — Nit) + baldiN Sii) 
a belde N S i—i) “+ Wis 


Additional data on applied research ex- 
penditures on the industry level were also 
obtained from NSF (#2). This variable 
does nct appear in equation (5), but is one 
of the exogenous variables in the model 
that will be used to estimate it. Finally, 
the number of drugs produced and intro- 
duced sy each firm, each year, was ob- 
tained from Medical Economics, Inc., 
Physicians’ Desk Reference to Pharmaceu- 
tical Specialties and Biologicals. 


The Estimation Method 


To estimate (5), note that the distur- 
bance t2rm, wa, equals 


(5) 


Pit Pit 

D Mize H Do vina 

j=l j=l 
Assume that each term can be decomposed 
as follows: 

I II I II 
hey = Uig F Mij; Vije = Viz — Vijt 
where #;, and vj, are time-invariant firm 
and/or product effects. Further assume 
that wi, uit, U and oj are mutually in- 
dependent and that #4 and vp are serially 
uncorrelated. Then the variance-covari- 
ance matrix of the disturbance, Q, is block- 
diagonal. A typical element of block 1, 

Sij, Woud be:™ 

i) Py;-o7 if i=j, where Py; is the number 
of products firm 1 produces at time j; 
g= variance of Wis 

23 This is similar to Pietro Balestra and Marc Ner- 
love’s formulation, pp. 585-612. The disturbance is 
specified in this manner first because preliminary results 
indicate that autocorrelation probably exists. Second, 
it seems likely that there are differences among firms or 
products thet are captured in the disturbance term. 

24 This specification implicitly assumes that for a new 
product there is at least a one-period lag between re- 


search expenditures for process improvement and the 
new product’s introduction. 
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ii) C?-o07 if ij, where CË is the number 
of products produced in period i that were 
also produced in period j by firm 1; 
o7= variance of ugt ty. 

The assumptions above imply that Q is 
not of the form e°- I. Moreover, TSj:_1 and 
rei; are correlated with the disturbance. 
To estimate (5), therefore, a combination 
of Generalized-Least Squares (GLS) and 
Instrumental Variable (ZV) estimation 
procedures were employed.” 


IV: Conclusions 


Estimation Resulis 


The estimation results are shown in 
Table 1 for equation (5). Since o?==07 
+07, and o”, o}, and ef; are all positive, 
0<o7/o? <1. Since o? refers to time invari- 
ant effects, they are present if o7/o? equals 


TABLE {—EsTIMATION RESULTS® 


Expected Estimate Standard BE 4 
: Sign of &:$ Deviation orne: R ENA 
bt = mow, 0168* -0017 —9.878 
b + .2005* 0674 2.972 
bs = 1.3352 1.3221 1.010 9.18 „83 
bu = ~, 3578"* „2210 —1.619 
bs + 13.2723 29, 3280 -452 
bs + &.9046** 4,9689 1.792 


as, #9 and *** indicate a 1, 5, ora 10 percent significance level 
in a one-tail test, 


3 Write equation (5) as: 
(5a) Y = XB +W 


Let T be a matrix such that T'T =}. Then, multiply- 
ing (5a) by T yields: 


(Sb) (TY) = (TX)B + (TW) 


Since the variance-covariance matrix of TW is of the 
form o?-J, it seems reasonable to apply instrumental 
variables to (5b). Instruments for 7.S,,—; and ref,—1 were 
chosen by regressing these variables on all of the 
model’s exogenous variables in the model (see my doc- 
toral dissertation for a discussion of model’s equations 
and exogenous variables), Letting Z be a matrix of in- 
struments, TZ is the matrix of transformed instruments. 
Then, multiplying (Sb) by (7'Z)’ and setting (T7Z)'(TW) 
equal to zero, one can solve for B, the GLS-IV estimate 
of B: 


Ê = (2'1.x)y7Z}y 
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one and absent if it equals zero. Since the 
estimate of this ratio was .83, these effects 
are probably present. 

An F-ratio was computed to test the 
null hypothesis that all of the coefh- 
cients equal zero.” Since this ratio equals 
9.18, the null hypothesis was rejected at 
the 1 percent level, implying that a signifi- 
cant relation exists between dependent and 
independent variables. 

Except for 6; and 63, which were insig- 
nificantly different from zero, all coef- 
cients had the expected sign. Since — b; 
equals the initial level of domestic sales, 
i, should have been negative, but was 
positive. This may be due to misspecifying 
bz, which was assumed to be constant and 
equal for all firms. These assumptions are 
questionable, but data did not permit an 
alternative specification. 

Fourth, since —6;/b, equals the average 
level of expenditures for testing a new 
drug from 1960 to 1962 and b; is negative, 
6s should have been positive, but was nega- 
tive. This unsatisfactory estimate of b; 
might indicate that development expendi- 
tures were inadequately corrected for new 
product testing costs.” 

Finally, all other coefficients were sig- 
nificantly different from zero and had the 
expected sign. The estimates of 6; and by 
are of particular importance; they are the 
most significant estimates (they have the 
highest f-statistics) and are directly re- 
lated to the theory in Section I. Since b, 
equals h/(a-d(1)) and b, equals —h- 
(1—F), a negative value for 6:(a-d(1)) >0 
and a positive value for b: (F <1) both 
imply that k is negative. But, k is the co- 
efficient of the term ((Fi;—Si(RDijt-1)). 


[yo¥ — (Y — XB)'a-(¥ — XB)]/6 
(¥ — XYY —-XB)/20 
distributed F(6, 20). 
27 Since dı was nonzero in only two years of the sam- 
ple, there were only a few observations on (d1-NSit-1). 
This could explain the low ¢-statistic for bs. 


26 P = 
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Consequently, a negative value for # means 
that foreign subsidiary sales increase as op- 
portunities for additional learning by U.S. 
pharmaceutical firms decline. This accords 
fully with what the theory of Section I 
would predict. 


Limitations of Study 


The sample size (twenty-six observa- 
tions) limited the manner in which the 
theory was tested. Aside from question- 
able large-sample properties of the esti- 
mates, several interesting hypotheses could 
not be tested. For example, the speed with 
which U.S. firms locate abroad, the size of 
testing costs, and the initial and maximum 
level of domestic sales may vary among 
firms. In other words, the equation tested 
may be different for each firm. To test this 
hypothesis, however, one would have to 
estimate this equation for each firm. Since 
there were at most seven observations per 
firm, this was not feasible. 

Another limitation was imposed by the 
lack of data on U.S. foreign subsidiary 
sales in each country. Had country data 
been available, one could have examined 
the special characteristics of each country 
(or group of countries in the case of the 
Common Market). 

A third limitation was imposed by the 
lack of data on research expenditures for 
process improvement by pharmaceutical 
firms. As stated in Section ITI, these were 
estimated by subtracting an estimate of 
new product testing costs from develop- 
ment expenditures. 

Finally, because individual product data 
were unavailable for all variables, it was 
difficult to interpret the estimation results. 
The theory formulated here pertains to an 
individual product, implying that the equa- 
tion developed to test the theory should 
also refer to an individual product. Such 
an equation was formulated, but had to be 
aggregated because individual product 
data were unavailable. Unfortunately, be- 
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cause of the aggregation, each of the b; in 
this equation is really the composite of 
several coefficients. For example, biz [h/ 
(a-d{1)) |. Consequently, it was only pos- 
sible to infer signs rather than actual values 
of certain key coefficients (i.e., A). 


Conclusions 


The theory formulated in Section I dif- 
fers from. previous formulations by recog- 
nizing the role of research and develop- 
ment. To a large extent firms allocate R&D 
to learn about their production processes, 
the curnulative effects of which are formal- 
ized in a knowledge function. 

A simple formulation of this function 
enables one to show both why a new prod- 
uct is often first developed and produced in 
the United States, and why this country 
often loses its initia! advantage over time. 
Product cycle theories also attempt to ex- 
plain tais behavior. Such theories have 
made important contributions to trade 
theory, but exhibit several deficiencies. 
First, they often claim that firms produce 
initially in this country to minimize de- 
mand “incertainties; but this only explains 
why a new product is marketed, not why it 
is produced in this country. The theory de- 
veloped aere is based on supply uncertain- 
ties. As shown in Section II, this enables 
one tc explain why rew products are often 
produced in the United States. 

Second, many product cycle theories at- 
tempt to explain shifts in comparative ad- 
vantage away from the United States in 
terms f “technology stabilization.” The 
knowlecge function both clarifies and ex- 
plains <his process. A “stable technology” 
is one in which the stock of knowledge has 
become constant, because the marginal 


28 Produc: cycle theories were developed by Gary 
Hufbauer, pp. 1-165; Seev Hirsch (1965), pp. 92-97, 
(1967), pp. 1-133; William Gruber, Dileep Mehta, and 
Raymonċ Vernon, pp. 10-37; Michael Posner, pp. 232- 
41; Louis Wells, Jr., pp. 152-62; and Vernon, pp. 190- 
207. 
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product of cumulative R&D approaches 
zero. Note that comparative advantage 
need not shift when the stock of knowledge 
becomes constant, but rather when the 
foreign static advantage dominates the 
U.S. learning advantage.. 

Third, with little explanation, product 
cycle theories often claim that a low wage 
country has the static advantage described 
above. In other words, comparative ad- 
vantage eventually shifts to such a coun- 
try. This can now be explained by making 
three assumptions. First, investment by 
U.S. firms in foreign subsidiaries suggests 
that capital is mobile. Second, as argued in 
Section II, R&D is relatively immobile. 
Third, assume that labor is also relatively 
immobile. Then, since capital mobility 
implies that inter-country factor payments 
to capital converge, R&D and labor are the 
main factors in determining comparative 
advantage. Early in the production pro- 
cess, when learning is important, the U.S. 
has a comparative advantage in producing 
a new product. When learning becomes less 
important, it is then not surprising that 
comparative advantage should shift to a 
low wage country. 

In conclusion, this theory argues that 
the dynamics of comparative advantage 
are due to learning. It differs from previous 
formulations, because it is based on those 
supply conditions essential to developing 
the production process for a new product.”® 


29 This formulation pertains to a single, new com- 
modity. In a multi-commodity world, one would expect 
the country with a learning advantage to continually 
shift its production to new commodities, because its 
greatest advantage will always be early in the learning 
process. If the United States has a learning advantage, 
then it probably has a comparative advantage in pro- 
ducing new products, which would imply that U.S. ex- 
ports have a high R&D content. This is precisely the 
case, for the five industries representing only 39 percent 
of total U.S. sales account for: 1) 72 percent of U.S. 
exports; 2) 89 percent of U.S. research and develop- 
ment expenditures. (See Gruber, Mehta, and Vernon, 
pp. 22-23.) 
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A True Price Index When The | 
Consumer Saves 


By MALCOLM GALATIN*™ 


The conventional economic theory of 
price or cost of living index numbers de- 
fines a true price index (TPI) as the ratio 
of two volumes of expenditure which are 
the minimum needed by a consumer to 
attain a reference level of utility in two 
price situations. When the two price situa- 
tions are designated 0 and 1, respectively,’ 
the reference level of utility is generally 
chosen to be that attained by the consumer 
in situation 0 or in situation 1. Once these 
TPIs have been defined, they may be re- 
lated to measurable price indexes, and we 
have the well-known results that when the 
reference level of utility is that attained in 
period 1, the Paasche price index is a 
lower bound of a TPI, and when the refer- 
ence level of utility is that attained in 
period 0, the Laspeyres’ price index is an 
upper bound toa TPI. 

If the consumer’s income, expenditure, 
and utility function are assumed to be the 
same before and after a price change, the 
concept of a TPI is closely related to that 
of a conceptual income compensation that 
must be added to (or subtracted from) his 
income to leave him as well off after the 
change in prices as he was before.® Thus, 

* Assistant professor of economics, City College of the 
City University of New York. An earlier version of this 
paper was read at the December 1969 meetings of the 
Econometric Society. 

1 Situation 1 may be thought of as the current period 
and situation 0 a past period. 

2 See for example Melville Ulmer, especially ch. 3. 

8 Here it is assumed that if the consumer is on the 
same indifference surface before and after the price 
change, he really would obtain the same satisfaction in 
both situations. If this assumption is not made, an 


alternative approach is to reinterpret the TPZ in the 
manner suggested by Franklin Fisher and Karl Shell 
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if we imagine a consumer beginning in a 
situation with period 0 prices and an in- 
come of Mo, he would be as well off after a 
price change to prices of period 1 when Co, 
given by (1), is added to (or subtracted 
from) Mo. 


The value TPI ois the TPI measured with 
the attained period 0 utility as a reference 
level. Similarly, if the consumer is im- 
agined to begin in a situation 1 with an in- 
come of Mı, and then prices change to 
those of situation 0, the consumer would 
be as well off before as after the price 
change, if his income, My, is compensated 
by Cy, given by (2). 


(2) 


The value TPI, is the TPI measured with 
the attained utility level of period 1 as the 
reference level of utility. 

The fact that a consumer saves part of 
his income has not been explicitly con- 
sidered in the literature dealing with the 
economic theory of index numbers, and it 
is the purpose of this paper to extend the 
theory to take account of this fact. Super- 
ficially the existence of saving might seem 
to pose no problem. If saving is considered 
as a good, then it has a price, and it might 
be thought that the existing theory is ade- 
quate to deal with it. For example, assume 
that a consumer with a money income of 


Ci = 


and, likewise, to reinterpret the meaning of the income 
compensation. (This reinterpretation does not alter the 
formal definitions of a TPI or the income compensation.) 
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0 Mo(l+ro) M*(l+r,) S 


FIGURE 1 


Ma. in period 0 has to decide how to allo- 
cate his income between one good X in 
amount xo and saving So/(1+7ro), where ro 
is the market rate of interest. He has a 
utility function given by 


(3) Ua = U(x», So) 
and his budget constraint is 
(4) Mo = poxo + So/(1 + ro) 


where fois the unit price of X and (1-+-7,)71 
is the “price” per unit of saving owned at 
the end of period 0. The consumer would 
be in equilibrium at e in Figure 1, attain- 
ing a utility level of Uo. Now, if in period 1 
prices change to pı and (1+7,)7, the min- 
imum money income necessary to reach 
Uy is M*, and a TPI is defined as M*/M, 
which is equivalent to (OA -p;)/(OB- po). 
However, this analysis is inadequate be- 
cause the consumer’s saving decision is as- 
sumed to be made in a one period context 
and hence the reference level of utility is 
taken to be that of a single period for pur- 


poses of defining a TPI. Following the 
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work of Irving Fisher, the modern view of 


` the consumer’s saving behavior is that he 


makes an intertemporal allocation of his 
expenditures to maximize an intertem- 
poral uzility function rather than a single 
period utility function.‘ It is this view of 
the consumer’s saving decision which is 
accepted in this paper, and its implications 
for the measurement of the effect of price 
changes on a consumer who saves leads to 
the TPI which is discussed below. 

In Section I, a basic model of the con- 
sumer’s intertemporal decision making is 
corstructed. In Section II, a TPI is de- 
fined, and then in Section ITI, the relation- 
ship of this TPZ to the measurable Paasche 
and Laspeyres’ price indexes is derived. 


I. The Basic Model 


We shall consider a consumer who has to 
allccate his expenditures between two 
periods, 0 and 1. He has an intertemporal 
utility function given by 


(5) W = W(Uo, Ui) 
where 
(6), (D. U; = U(x) where 7 = 0,1 


is the utility level in period 7. The utility 
function for each period is assumed to be 
the sam2 and so are the n goods available 
for ccnsumption. The term x; is an n 
dimensional column vector of goods con- 
sumed in period 7. 

The consumer is assumed to know period 
0 prices, p°, with certainty at the be- 
ginning of period 0, and he expects the 
prices of these goods to be p; in period 1. 
He has these expectations at the beginning 
of period 0 and he acts as if he is certain 
tha- these prices will occur. The terms p° 


4 As another example of this approach, see the article 
by Menahem Yaari. 

6 Uncertainty may be introduced by assuming that 
at the beginning of period 9, the consumer has a subjec- 
tive probability distribution for period 1 prices, and 
allocates his expenditures between the two periods to 
maximiz2 the expected value of W. In this case, his 
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and pi are n dimensional row vectors. Fur- 
ther, it is assumed that he knows his 
money income Me and Mı in the two 
periods and also ro, the market rate of in- 
terest in period 0. We also assume that he 
is not concerned with periods after 1 and 
makes no allowance for a terminal stock 
of savings at the end of period 1. 

The consumer is assumed to make his 
decisions at the beginning of period 0. 
Given $°, pi, Mo, Mi, ro, and knowledge of 
(5), (6), and (7), he must then decide how 
to allocate his expenditure over periods 0 
and 1. This results in a decision on how 
much he will save, So, in period Q.. 

Formally we may write out his process 
of decision making as follows: Find num- 
bers So, Uo, U1, and vectors x; 7=0, 1 
which maximize equation (5) subject to 
equations (6)-(9), and inequalities (10) 
and (11). 


(8) My — So = px 

(9) Mı + So(1 + ro) = pets 
(10) —Mi/(l + ro) < So < Mo 
(11) Xj = 0, J T 0, 1 


The solution to this constrained max- 
imization problem will yield the following: 
his planned saving S;° the market baskets 
he plans to consume in periods 0 and 1, 
given by (12) and (13), respectively; his 


(12) Xo =e (£10, X20, cy Eno)! 


(13) 41 = (411, Mais 850.4 Rn)‘ 


planned single period utilities Uy and Ui; 
and his planned intertemporal utility W. 


The bar above a variable will be used to 
indicate a planned quantity of this vari- 


expenditures in the two periods will generally differ 
from his chosen expenditures in the basic model above. 
However, the argument in the remainder of the paper is 
not substantially changed when the basic model is 
replaced by this decision model with uncertain prices. 

6 So may be zero, but this does not affect the results 
of the paper. 
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able decided on at the beginning of period 
0. Also, it should be noted that constraint 
(10) allows for borrowing in period 0. 
Finally we define 


(14) Eo oe Ma a So 


to be his planned expenditure in period 0, 
and 


(15) Fy = Mı + So(1 + ro) 


to be his planned expenditure in period 1. 


Il. The Definition of a True Price Index 


There is a large degree of arbitrariness in 
the measurement of a conventional TPI, 
because many single period reference util- 
ity levels may be chosen. In the foilowing 
definition of a TPI when the consumer 
saves a degree of arbitrariness remains. 
This stems not so much from the choice of 
a reference level of utility but rather from 


_a choice of the period or periods in which 


the consumer’s expenditure is assumed to 
be compensated for the price change. Since 
our basic model of saving is a closed two- 
period model, the effect of a price change 
is to move the consumer from the level of 
intertemporal utility that he would have 
attained had prices remained constant to 
the level of intertemporal utility he attains 
given actual period 1 prices. It is the inter- 
temporal utility level that would. be at- 
tained if prices remain constant which is 
taken as our reference utility level for 
measuring a TPI. This is an intertemporal 
level as opposed to the single pericd refer- 
ence level of conventional index number 
theory. We shall not be concerned directly 
with the consumer’s price forecasting abil- 
ity, because his intertemporal expendicure 
allocation which partly depends on his 
price expectations, is made prior to his 
knowledge of period 1 prices, and is not 
affected by an actual change in prices. Now 
let us return to the situation of the con- 
sumer of the basic model at the beginning 
of period 1. 


188 THE AMERICAN ECONOMIC REVIEW 


In the beginning of period 1, the actual 
prices of period 1, #', become known to the 
consumer. Let us assume that #', p°, and 
p; are three different price vectors.’ This 
means that actual prices have changed and 
also that the consumer incorrectly forecast 
period 1 prices. His plans for period 0 have 
been realized, and his expenditure in pe- 
riod 1 is at the planned level of £;. How- 
ever, given the actual prices of period 1, 
the consumer will purchase a market bas- 
ket of £ in period 1, and in general 2,3 4. 
Thus his actual utility level in period 1 will 
be Q, where 


(16) OG, = U(41) 


and his actual level of intertemporal utility 
will be W where 


(17) W a Ws, 0) 


In general,’ 0,40, and WW. Hence the 
effect of an unanticipated price change is 
to change the consumer’s single period 
utility in period 1 from that expected and 
has a corresponding effect on his inter- 
temporal utility. 

However, it is not the divergence of 
plans from realizations that we want to 
concentrate on, but rather the divergence 
of realizations from the situation that 
would have existed had prices remained 
constant. Assume now that #'= 9° and 
still that p; ~#'=°. In this case the con- 
sumer in period 1 with an expenditure of 
E, would purchase a market basket #:. In 
general #:44%, and #:44;. He would then 
attain a utility level in period 1 of 7; where 


(18) U, = U(%) 


and an intertemporal utility level of W 
where 


(19) W = WU, U1) 


* See Appendix B where the implications of different 
relationships between ĝt, p°, and pe are discussed. 

3 See Appendix B for the implications of exceptions 
to these “general” results. 
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In general, 0,401, 01%0;, W#W and 
WW. 

These relationships are shown in Figure 
2 where the intertemporal utility function 
(5) is drawn in expenditure space with 
prices holding in periods 0 and 1 taken as 
parameters. Details of the construction of 
these ictertemporal indifference curves are 
given in Appendix A. An intertemporal in- 
difference curve is labeled by W [p] where 
the actual level of intertemporal utility is 
shown by a symbol over the W and the 
prices Lolding in period 1 are shown by 9. 
The price vector p may take three forms: 
p°, implying that prices remain unaltered 
between periods 0 and 1; $t, the actual 
prices cf period 1; and. p}, the prices ex- 
pected in period 0 to hold in period 1. The 
intertemporal indifference curves in Figure 
2 are drawn on the assumption that p°, #', 
and +! are three different price vectors. 

The intertempora! budget constraint of 
the consumer is A B given by equation (20). 


(20) E) aca My + (My = E,)/( + To) 


In the beginning of period 0, he plans to be 
at C on AB spending Ky and F, in periods 
0 and 1, respectively, and attaining an 
intertemporal utility of W on W[p}]. 
Giver h:s savings decision he is constrained 
to be at C, but because p; ¥ f, the level of 
intertemporal utility he actually attains is 
W on W[#']. If prices had remained con- 
stant between periods 0 and 1, his ex- 
penditure allocation at C resulting from 
his savings decision would have allowed 
him to achieve an intertemporal utility 
level of W on W [p°]. 

This intertemporal utility level W is 
taken as the reference level of utility for 
the purpose of defining a TPI when the 
consumer saves. If there had been no price 
change, he would have attained W. The 
effect of the price change is to give the con- 


® See Appendix B for exceptions to these relationships 
between the single and intertemporal utility levels. 
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sumer an intertemporal level of W. 

We now draw the intertemporal indif- 
ference curve W[#'] in Figure 2. W[#'| 
represents the level of intertemporal util- 
ity W, the same as the level of W [p°], but 
now the actual prices of period 1, $, are 
the relevant parameters. Hence, if the con- 
sumer is to have his income adjusted to 
compensate for the price change in period 
1, he must receive sufficient income to 
move from C to some point on W[#']. This 
income compensation would enable the 
consumer to attain the same level of inter- 
temporal utility he would have attained 
had prices remained unchanged. 


Eo 
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Here is where the main degree of arbi- 
trariness arises in defining a TPI when the 
consumer saves, for clearly this income ad- 
justment could be made in numerous ways. 
For example, we could use as the com- 
pensated level of income the present value 
of that smallest income stream which 
would just be sufficient to move the con- 
sumer from C to W[#f'].° This income 
stream divided by his actual present value 
of expenditures would provide a TPI. 
Alternatively we might imagine a concep- 
tual expenditure adjustment in period 0 


10 Where X, is discounted by (1-++r»). 


WE] 


FIGURE 2 


190 THE AMERICAN ECONOMIC REVIEW 


which is just sufficient to raise thé con- 
sumer from C to some point on W[#']™4 
This expenditure level divided by Ey would 
give a different TPI. 

In this paper we shall assume that the 
compensation to his expenditure is made 
only in period 1. This is done for opera- 
tiona purposes, for once a price change has 
taken place the consumer cannot be com- 
pensated in period 0, but he can be com- 
pensated in period 1. Hence the minimum 
expenditure compensation in period 1 
necessary to move the consumer from C to 
W|P] is Ef—Z,, and we define a TPI as 


(21) TI = E,/Ē, 


where Eï is the minimum expenditure the 
consumer needs in period 1 to achieve the 
level of intertemporal utility he would 
have achieved had prices remained con- 
stant, and Æ, is his actual expenditure in 
period 1. Thus the situation of Figure 2 
represents a true price increase for the con- 
sumer and the TJ is given by OS/OR. 
The effect of choosing period 1 for com- 
pensating the consumer’s expenditure 
means that the measurement of a TPI 
when the consumer saves, based on an in- 
tertemporal reference utility level of W, is 
reduced to the measurement of a conven- 
tional TPI based on the single period refer- 
ence utility level U;. However, this TPTI, 
TI denned in (21), is not the one that is 
usually measured. Rather UJ» or Ui are 


taken as single period reference utility © 


levels for measuring a TPTI. 

It has been assumed above that the price 
vectors $i, p°, and #! are actually different 
from each other, and that the levels of in- 
tertemporal utility W, W, and W are also 
different. In Appendix B the implications 
of alternative relationships between these 
prices and intertemporal utility levels are 
considered. It should be noted that a neces- 


4 This compensation would be added as a lump sum 
to Eo. i 
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sary condition for the 77 to equal unity is 
that W[#'] passes through C in Figure 2. 
This will happen when °= $}, a sufficient 
but not a necessary condition for the TJ to 
equal unity. Further, the consumer’s price 
forecasting ability is shown by how close 
W |p] is to W [ĝt] in Figure 2. If he cor- 
rectly forecasts period 1 prices, these two 
intertemporal indifference curves are iden- 
tical, represent the same level of inter- 
temporal utility, and are tangent to AB at 
C. But no matter how proficient the con- 
sumer is in forecasting prices, the T7 will 
only be unity when W[#'] passes through 
C. 


HI. The Relationship Between the True 
Price Index and Measurable Indexes 


If we knew the form of the single period 
utility functions (6) and (7) and the inter- 
tempcral function (5), then the TI given 
by (21) could be measured exactly. With- 
out krowledge of these functions, however, 
the TZ may be related to measurable 
Paasche and Laspeyres’ price indexes. As 
we would expect these results differ from 
the conventional ones because in effect our 
TI is a conventional TPI based on a single 
period utility level which is not generally 
used as the reference level of utility. 

First we shall consider the relationship 
of the 77 to the Paasche price index (P/). 
The compensated income in period 1 is 
E* where 


(22) Ey = px 


The market basket, x7, that the consumer 
would purchase in period 1 with his com- 
pensated expenditure is indifferent to #, 
for him, since they would both yield him 
7, in period 1. Thus we may write 


(23) zde 


where J indicates indifference between 
market baskets. The PI is given by 


(24) PI = E/E, 
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where 

(25) Ei = pt 
and 


(26) E, = p41 = Pek —_ b #1 

It should be remembered that with an 
expenditure of Ef and period 1 prices, the 
consumer would be observed to purchase 
xi; with an expenditure of E, and period 0 
prices, the consumer would be observed to 
purchase £1; and with an expenditure of E 
and actual period 1 prices, the consumer is 
observed to purchase £ı. However, Ef is 
simply the cost of £; at period 0 prices, and 
the consumer will not in general be ob- 
served to purchase fı with an expenditure 
of Et and period 0 prices. 

With this information the following re- 
sults may be derived relating the T7 to the 
measurable PJ: 


THEOREM 1: When the PI>1, the TI 
THEOREM 2: aie the TZ <1, the PI 
THEOREM 3: Pies the TI=1, the PI 
THEOREM 4: When the PI=1, the TI 


The statements PI=1 and TI=1 in 
Theorems 3 and 4, respectively, hold only 
when #'= p°. As an example we shall prove 
Theorem 1. 


PROOF of Theorem 1: 
When the PJ >1, we have 


(27) E, > Ei 
hence from (25) and (26) 
(28) pli > pk, 


12? The consumer is assumed to strongly order his 
preferences, i.e., he will always purchase a unique 
market basket when he has a given money experditure 
and faces the same market prices. (See the work by John 
R. Hicks, especially ch. 5.) This assumption is not 
necessary for the proofs of all the theorems. 
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which implies that 
(29) #,RPT2; 


where RPT stands for “revealed preferred 
to” and we use the axioms of the theory of 
revealed preference. Then from (23) and 
(29), we have 


(30) RPT 2 

hence | 

(31) Bir <P mi 

hence 

(32) F, < Ei 
Combining (27) and (32), we have 

(33) E>Ej> E 

that is 


34) K/A > 1> (E/E) 


hence 


(35) TI > 1 >1/PI 
therefore 
(36) TI > 1 


and Theorem 1 is proved. Notice that 
nothing is indicated about the relative size 
of the PI and the TZI. 

4 


The proofs of Theorems 2 to 4 and the 
remaining one of this section will be pro- 
vided by the author on request. They are 
similar to that of Theorem 1. In relating 
the TI to the PJ, we are able to rank the PT 
and the TI only in the case when the 
PI=1. In this situation, the PJ will be a 
lower bound on the TT if $p", and equal 
to the TZ if #= p°. 

We can get additional information in 


18 We shall use the symbol RPT if it is valid, either for 
a conceptual experiment concerning the behavior of the 
consumer in a given price and income situation, or for 
actual observations on a consumer who behaves accord- 
ing to the basic model. 
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some circumstances by relating the TI to 
the measurable Laspeyres’ price index 
(LI), where 


(37) LI = po/ po 
The following theorem may be proved :4 
THEOREM 5: When Eo> Fi, then 


(38). TI < (E/E): LI 


The equality in (38) holds only when £o 
=F, and #'=°. In this case Theorem 5 
reduces to the result that the 77=1. When 
$= $°, but Ey> E, we have a trivial upper 
bound on the TI; trivial because with 
stable prices, the 77=1. 

Because Ey > Æ, the LI does not provide 
an upper bound to the TI except in the 
case when Eo= FE; When E,)< a rela- 
tionship between the T7 and the LJ cannot 
be derived. 

The results of Theorems 1, 4, and 5 are 
combined in Table 1. The equalities of the 
TI to 1 and the LJ in the third row of the 
table hold if and only if #'=p°, in which 
case PI=LJ]=TI=1. The only situation 
when the PJ and LI provide no informa- 
tion concerning the 77 is when the PI <1 
and Fy < Fi. 


TABLE 1 
Pi <É o = a Ey>Fi, 
>i TI>1 LI>TI>1 (%/#)-LI>TI>1 
= TI>1 LI>TI>1 (@/Ēùb LI>TI21 
<1 TII LDTI (Œ/E) LI>TI 


IV. Concluding Remarks 


In this paper a TPI has been defined for 
a consumer who saves in order to maximize 
a simple two-period intertemporal utility 
function. There are several extensions of 
this analysis which will be dealt with in a 


4 Theorem 5 is proved by showing that when E)> i, 
then Ef < fizo and when E= Ey, then EF < fito, the 
equality holding only when ĝi = p°. 
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subsequent paper. For example, we will ex- 
amine how the consumer’s desire for a 
terminal stock of savings in period 1 affects 
the analysis. Also the model will be ex- 
tended beyond two periods and a TPI will 
be defined to measure price changes be- 
tween Cifferent periods. In this analysis the 
consumer’s revisions of his price expecta- 
tions will play an important role. 


APPENDIX 


A. Construction of Intertemporal Indifference 
Curves in Expenditure Space 


Assume that the level of intertemporal 
utilitv in equation (5) is held constant at 
some level, say Wt. The intertemporal in- 
difference curve representing W* in utility 
space is then given by the set of utility pairs 
At where At+= [(Uc, U1)|Wt=W(Uo, Us)]. 
Now suppose that we choose any price 
vectors ~%, $+, holding in periods 0 and 1, 
respectively. Then for each element of At 
we may find the minimum expenditures pair 
(Eo, E,) needed to attain it given the prices 
p9. and p}. holding in the two periods. When 
we do this for each element of the set At and 
the chosen prices pù, p}, we have a set of ex- 
penditure pairs which is an intertemporal 
indifference curve in expenditure space rep- 
resenting an intertemporal utility level of 
W+, We symbolize such an indifference curve 


by W [¢3., p} ]. If the level of intertemporal 
utility is held constant and different price 
vectors are chosen, the intertemporal indif- 
ference ‘curve in expenditure space repre- 
senting a level of utility of W* will be dif- 
ferent in general from W[p%, p} ]. 

In the situations considered in this paper, 
the price vector of period 0 is always that of 
p°, the actual prices in period 0. Hence, the 
intertemporal indifference curves will be 


symbolized by W[p'. | where the symbol over 
the W indicates the level of intertemporal 
utility cf an indifference curve and the price 
vector is a price vector assumed to hold in 
period i. Finally, we shall assume that no 
two intertemporal indifference curves are 
identical in expenditure space unless the 
price situations of period 1 are the same. 
Thus two identical curves must represent 
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TABLE 2—-PossIBLE RELATIONS BETWEEN $, U, AND W, 
AND VALUE OF TRUE PRICE INDEX 
$ U W TI 
1. pp= p=} (a) 1=1=0, W=W=W TI=1 
2. pe= prep! @) ŪÕ =U, *Û, W=WHW TI sé 
(b) 11=M1=0, W=W=W Ti=1 
3. pe= pix? (a) 0.40, =0, WeW=W TI1 
(b) =, =0, W=W=W TI=1 
4. pepi = p (a) 0=0 U, W=WeW TI=1 
(b) 1.=0,=0, W=W=W TI=1 
5. pix pte po (a) 0,40. 0, WW TI=#1 
(b) MHD, w W =W TI=1 
() =U, #0, W=WAW TI*1 
(d) Ü =0,*U, Ŵ =W =W Ti=1 
(eì) 07,=0,=0, W=W=W TI =1 


the same level of intertemporal utility. The 
odd cases we are not considering are those 
where two different price situations in period 
1 may yield identical curves (or curve seg- 
ments) in expenditure space which may or 
may not represent the same intertemporal 
utility level. 


B. Alternative Relationships Between 
Price Vectors and Utility Levels 


For the consumer who has attained a util- 


X, 


E./py, 





ity of Uo in period 0 and has Æ; to spend in 
period 1, we may E three possible price 
situations in period 1, indicated by #2, #', 
and #°, the vectors of expected period 1 
prices, actual period 1 prices, and period 0 
prices, respectively. In each of these price 
situations, we may evaluate his period 1 util- 
ity levels Ui, 0:1, or Vi, given Ay, and thus his 
resulting intertemporal utility W, W, or 
W, given Us. However, there are five possible 
relationships of equality and/or inequality 


Eo 





FIGURE 4 
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FIGURE 5 


between pi, #1, and °, for example, 
plp =p. For each of these relationships 
there will be at least one possible relationship 
of equality and/or inequality between U, 

1, and Uy, and equivalently between W, W, 
and W. For each of these possible sets of re- 
lationships we may determine whether or not 
the true price index differs from unity. All 
the possible situations are given in Table 2. 

The TZ is only unity when 0, =U), i.e., 
when W=W, regardless of the relationship 
of U: to Ui and U4, and thus regardless of the 
relationship of W to W and W. Diagramma- 
tically we may illustrate these relationships 
in the two-good case by using conventional 
indifference curve analysis, and in the n- 
good case by using intertemporal indifference 
curves drawn in expenditure space. As an ex- 
ample let us compare situation 5(a) with 
5(d). In Figure 3 situation 5(a) is drawn for 
the case of two goods X, and Xe, and in Fig- 
ure 4 situation 5 (a) is drawn using inter- 
temporal indifference curves for a situation 
when the TJ indicates a fallin prices. In Fig- 
ures € and 6 situation 5(d) is drawn and in 
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FIGURE 6 — 


this situation the 77 must be unity: 

In a.l possible situations, however, the TI 
deper.ds on a comparison between Oy and 
Ti, and will only be unity when Ü= Uy, i.e., 
when F =W. From the analysis in this Ap- 
pendix we see that this will certainly þe the 
case wien p°= #', but this is a sufficient and 
not n2cessary condition for true price stabil- 
ity. 
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Theories of Corporate Investment Behavior Revisited 


By J. W. ELLIOTT“ 


Dale Jorgenson’s investment model has 
been extensively tested and analyzed at ag- 
gregate and at industry levels, particularly 
within the manufacturing sector.! It has also 
been evaluated in this Review at the level of 
the firm.? In this latter evaluation, rather 
general conclusions were drawn from a sam- 
ple of fifteen large manufacturing firms as to 
the performance rankings of alternative in- 
vestment models. These rankings were based 
principally on the size of residual variation 
resulting from successively inserting each 
model into the flexible accelerator mecha- 
nism fit to time-series data of the individual 
firms. Jorgensen and Siebert interpreted the 
results as showing the superiority of the neo- 
classical theory of investment over other 
considered alternatives. 

Even aside from lingering criticisms of 
Jorgenson’s model such as that of Robert 
Eisner (1970), and Eisner and M. Ishaq 
Nadiri, the Jorgenson and Siebert (JS) firm- 
level results are based on a rather meager 
sample (fifteen firms) given the apparently 
general objectives of their work, 

Greater meaning may be attached to the 
JS conclusions either by expanding their 
time-series sample to cover more firms or to 
conduct their comparison of alternative in- 
vestment models on a cross-sectional basis. 
The cross-sectional alternative is attractive 
in that a great many cells of firm-level data 
may be evaluated in a manner leading to 
results with some general significance. Pat- 
terns which emerge from cross-sectional tests 


* University of Wisconsin, Milwaukee. I wish to 
thank Dale Jorgenson and Calvin Siebert for supplying 
representative data on their variables, Naime Sherbiny 
and several unnamed referees for their constructive 
help in this project, and the Graduate School of the Uni- 
versity of Wisconsin-Milwaukee for computer facilities 
and assistance. 

1! See for example, Jorgenson (1963) and Jorgenson 
and Robert Hall, plus several of Jorgenson’s more re- 
cent works, 


2 See Jorgenson and Siebert (1968a). The identical 


sample is used in Jorgenson and Siebert (1968b). 


195 


on individual firm data will reflect relation- 
ships persisting across firm and industry 
boundaries. 

Further, as Edwin Kuh has pointed out, 
the impact of “inter-firm dynamic specifica- 
tion difficulties will be less in cross-sections 
since market or cyclical factors faced in com- 
mon by all firms in an industry will not af- 
fect inter-firm variability and therefore will 
exert a minor influence on cross-section esti- 
mates” (p. 185). However, as Kuh alsc recog- 
nizes, cross-sections are likely to be relatively 
poor vehicles for analysis when dynamic dis- 
turbances are present and unaccounted ior 
by the model (p. 328). This implies that the 
reasonableness of cross-section results de- 
pends somewhat on the correctness of the 
dynamic model specification. In the pres- 
ent case, this amounts to accepting tie flex- 
ible accelerator and Jorgenson’s generalized 
Pascal distributed lag structure a priori. 

In addition, the use of time-series data to 
empirically fit the lag structure in the JS 
study led to measured coefficients represent- 
ing a single characterization of the lag pat- 
tern over the sample period for each firm. 
Following the same procedure in cross-sec- 
tions leads to selection of a single measured 
lag structure for each year best representa- 
tive of the sample firms. To the extent that 
parameters of the true lag pattern vary inter- 
temporally there may be advantages in the 
cross-section approach which outweigh dis- 
advantages associated with selecting a single 
lag structure for the entire sample. 

In the JS study it was simply concluded a 
priori that “In order to specify che lag 
structure correctly we concentrate on time 
series data for individual firms” (1968a, p. 
690). When the objective is to extract gen- 
eralizable patterns from firm-level data, the 
choice of time-series does not seem as 
straightforward as this statement would have 
us believe. Indeed, it is difficult to define a 
clear-cut case a priori for the direction of 
analvsis of firm-level data in such a case. 
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TABLE 1 
Number Number 
Industry of Firms Industry of Firms 
Miscellaneous Metals Steel 5 
Lead and Zinc Fourdties—Gray Iron 1 
Gold Mining Copp2r 2 
Coal—Bituminous Aluminum 3 
Oil—Crude Producers Machir.ery—Metal Fabricating 2 


Sulphur 

Food—Packaged Foods 

Food—Dairy Products 

Food—Canned Food 

Food—Prepared Foods for Animals and 
Fowl 

Food—Bread and Cake Bakers 

Food—Biscuit Bakers 

Sugar—Cane Refiners 

Sugar—Beet Refiners 

Beverages—Brewers 

Beverages— Distillers 

Vegetable Oil 

Tobacco—Cigarette Manufacturing 

Tobacco—Cigar Manufacturing 

Textile Products 

Textile—Apparel Manufacturing 

Home Furnishings 

Paper 

Paper—Containers 

Publishing 

Chemicals 

Drugs 

Soaps 

Cosmetics 

Chemicals and Chemical Preparations 

Oil—In<egrated Domestic 

Oil—In<egrated International 

Building Materials—Roofing and 
Wallboard 

Tire and Rubber Goods 

Shoes 

Containers—Metal and Glass 

Building Materials—Cement 


Rh GO pa pd pe ee Oe 
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In expanding the basis for the JS compari- 
son, this led to analysis of a much enlarged 
firm-level sample on both a time-series and 
cross-sectional basis, which taken together 
should help clarify the meaning of resulting 
conclusions. 

Accordingly, data on the JS variables were 
developed from 184 firms inside and outside 
manufacturing. These firms are drawn from 
72 four-digit SIC-level industries. The spe- 
cific industries and numbers of firms are 
shown in Table 1. Data on firm variables 


Buildirg Materials—Heating, Air Condi- 
tioning and Plumbing 

Meta. Acrk—Miscellaneous 

Machirery—-Steam Generating 

Machir ev-—Agricultural 

Machirery—Construction and Materials 
Hancl-rg 

Machirecy-——Oil Well 

Machire Tools 

Machir.ery—Specialty 

Machir ecy—Industrial 

Machire-v—General Industrial 

Electrical and Electronic Leaders 

Electrical Equipment 

Electrical Instruments and Controls 

Radic-7.V. Manufacturers 

Autometiles 

Auto Tucks 

Auto Parts and Accessories 

Aerospace 

Aircraf-—General 

Railroad Equipment 

Engineer.ng Lab. and Research 
Equipment 

Optical 

Watches 

Manufec-uring Industries 

Air Transport 

Telephcne Companies 

Wholesal2—Other 

Retail—Department Stores 

Retail—Variety Stores 

Retail—Food Chains 


Gad pa Cad pfs 
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Total 184 


were 09:ained for 1953-67 from Standard and 
Poor's Compustat data bank. Selection of 
firms was made on the basis of: a) available 
data; >) no greater than five firms per in- 
dustry; c) compatibiity in accounting prac- 
tice over the sample period. These criteria 
were ecimed at developing a broadly based 
sample of large firms. 

Ana vsis of the data was undertaken for 
each 9: zhe years 1953-67, and for each of the 
184 firxs separately. One definitional change 
was made from the JS definitions, relating to 
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deflators. Because the cross-sectional test 
invites heteroscedasticity due to inter-firm 
differences, all variables employed in the 
JS analysis which were not unit free were de- 
flated by the firm’s total assets, thus greatly 
reducing inter-firm differences in magnitude. 
This made our investment measure a repre- 
sentation of capital investment intensity 
rather than direct volume of spending.’ 

This is not a trivial difference and raises 
the possibility that our enlarged results may 
only be applicable to intensity of investment 
(per dollar of total assets) and not to raw 
volume of investment. Fortunately, the 
smoothness of typical total asset series com- 
pared to investment series appears to reduce 
this possibility greatly. In addition, it is dif- 
ficult to believe that fundamental inter- 
model differences in explanatory power will 
not emerge given investment intensity rather 
than volume as the dependent variable. 

To compare major alternative investment 
models, JS employed the well-known flexible 
accelerator framework in which: 


a MeKee@ Genk =K 


where Ky and K* are actual and desired levels 
of capital in period t. Assuming replacement 
to be a constant proportion, 6, of capital en- 
ables the change in capital to be expressed as: 


(2) Ky — Kiya = Ey ZE òK 


where Æ, is the level of new capital expendi- 
tures. Expressions (1) and (2) may be com- 
bined to produce a flexible accelerator frame- 
work for analysis of investment expendi- 
tures: l 


(3) E, = (1 — N (K? — Kea) + ôK 


To complete the model it is necessary to 

specify the determinants of the desired level- 

of capital stock. It is at this point that theo- 
¢ 


3 The National Industrial Conference Board fixed 
capital stock deflators were used at several points in the 
analysis, following Jorgenson. However, in our case in- 
volving some nonmanufacturing firms in the sample, 
their use relies on the assumptions that price changes 
for capital goods purchased by nonmanufacturing 
firms were approximately the same as price increases 
on purchases by manufacturing firms. 
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retical conflicts most clearly occur, as dif- 
ferent investment theories have emphasized 
the primacy of varying principal influences 
on K*. Based on this view, the JS compari- 
son defined alternative representations of 
K* reflecting major branches of investment 
theory. The statistical importance o: each 
K* measure was evaluated by its separate 
insertion in an operational version of the 
flexible accelerator framework of (3). 

This operational version derives from gen- 
eralizing the flexible accelerator and assum- 
ing the distributed lag influence of each K* 
on =, follows a generalized Pascal distribu- 
tion. JS show that generalizing (3) gives 


ie] 


(4) E= D (Kir — Ker) + Kia 


r=0 


where the uw, are weights which are non- 
negative and sum to unity. Incorporating 


` their lag specification gives: 


z * * 
E, = > Hr(Kt—r TE Kiri) 
r=0 


(5) ; 
— >> w( Ey — Kii) + 6K 


iel 


which is the specific model used to compare 
the relevance of alternative desired capital 
stock specifications. In this model, up to 
three desired capital stock and up to two 
lagged net investment terms were admitted 
into the specification of the distributed lag, 
based on their explanatory impact on invest- 
ment. Terms were added to the equation if 
they lowered the standard error. 

Four theoretical alternatives are reflected 
in the competing specifications of the K* 
terms in (5). These include: 


(Ia) The neoclassical formulation of Jorgen- 
son which sees K* as proportional to output 
(Q) and the user cost of capital services (C), 


Le., 
e- (8) 
C 


where p= product price and « is a propor- 
tionality constant. 
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(I) A capacity utilization or accelerator 
model is based on output changes devised to 
represent the work of Kuh, Eisner, and 
Hickman: 


K* = «Q 


(Z;) A model measuring cash flow, (L), pro- 
posed to measure cash flow effects similar to 
those found important by Grunfeld and 
Kuh: 


(Jezp) An expected profits model built on the 
market value of the firm, (V) as suggested by 
Grunfeld: 


K*¥ = «V 


For details of the statistical formulation 
of these competing investment models, the 
reader should consult the statistical ap- 
pendix of a working paper available from JS. 

JS also considered a second version of the 
neoclassical model which treated capital 
gains effects explicitly. This second version 
is considerably more demanding computa- 
tionally; therefore, it did not seem necessary 
to include both versions in the analysis. 
Morecver, the two versions ranked next to 
each other in all performance comparisons. 

Following JS, current, one-, and two- 
lagged changes in each alternative K* repre- 
sentation (J variable) were inserted into (5) 
and retained if they contributed to the ex- 
planation of investment intensity by lower- 
ing the standard error of estimate. One- and 
two-lagged values of the net investment term 
of (5) were included on the same basis. With 
this procedure, the most empirically signifi- 
cant J model should provide a superior ex- 
planation of fluctuations in investment in- 
tensity in a high number of sample firms. Ac- 
cordingly, the four competing 7 models are 
ranked on the basis of the size of the standard 
error resulting from their employment as ex- 
planatory variables for investment intensity 
in (5). 

Some representative results of the time- 
series tests are shown in Table 2. Coefficients, 
standard errors, and goodness-of-fit data are 
shown for eleven firms, drawn from the 
eleven major industrial groupings in the 
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sample. These groupings are discussed be- 
low ir, connection with the homogeneity 
tests. The firms shown are the first in each 
major industrial grouping. Similar data on 
the cross-sectional tests are given in Table 3 
for each of the 15 years in the sample. The 
time-series R? values are comparable with 
those obtained by JS, thus suggesting that 
the use of investment intensity in place of 
volume did not noticeably damage the level 
of exp.anation. However, for the expanded 
time-series firms, the measured direction of 
effect of the desired capital stock proxies is 
not coasistent across firms. This contrasts 
with the JS results which were uniform in 
direction of effect for all desired capital stock 
proxies except the liquidity model.‘ 

The sign inconsistencies observed in the 
present work may be simply due to the mul- 
ticollinzarity frequently found. In fact, in 
many instances, attempts- to even compute 
the determinant of the correlation matrix of 
independent variables in order to calculate 
a chi-square statistic for Wilks-Bartlett’s 
approx:mate test for multicollinearity were 
frustrated by the severity of the condition. 
In any event, the frequency with which mul- 
ticollinearity was evident in the present re- 
sults recuces greatly the inferences we may 
draw frcm observed values of individual co- 
efficients. Fortunately, this condition does 
not damage the usefulness of the present re- 
sults for comparing alternative desired cap- 
ital stock proxies on the basis of their impact 
on exp.ained variation in investment in- 
tensity. 

In taz cross-sections, the level of explana- 
tion remains reasonably high for most de- 
sired capital stock proxies in most years.® 
This as much as anything suggests broadly - 
basec invertemporal support for the flexible 
accelerator mechanism. The inconsistency in 
the direction of effec: of all the desired cap- 
ital stock proxies observed in the time-series 
data remains, as does the appearance of 
multicollinearity. 


4 Although coefficients were not included in the JS 
article, they were included in a longer working paper 
supplied ky the authors. 

ë For tke degrees of freedom involved (n=184), K 
values of 23 low as .10 are significantly different from 
zero beyoad the 1 percent level. 
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TABLE 2-—-REPRESENTATIVE TIME-SERIES RESULTS 


Desired Capital Stock 


t t—1 t—2 
— 0051 
1.33 
—-.0554 —.0085 —~.0678 
1.30 0.18 1.4] 
— ,0069 
1.90 
~~ .0779 —.0544 ~.0730 
1.68 1.19 1.63 
— 0459 0281 
2.23 1.32 
4.196 2.052 
2.32 1.87 
.0012 0013 0014 
1.98 2.10 2.11 
~~ 0051 .0101 —.0086 
1.03 1.44 1.75 
— 0517 
4.60 
0436 
3.17 
.1060 — .0421 
2.42 0.99 
1.257 . 6664 
1.25 0.71 
— 0611 
2.54 
— , 1331 
2.22 
-0953 
1.18 
.0528 
1.03 
—-.0497 —.1117 —.0353 
1.39 2.06 Iii 
—1.373 —1.788 —~.6097 
5:17 5.70 3.60 


Net Investment 


re 


t—~1 t—2 Kaa 
1. American Metal Climax 
. 7354 — .0795 
1.76 ` 0.21 
1.354 — 5914 
2.67 1.22 
.6986 .0399 
1.63 9.11 
.6986 .0399 
1.63 0.11 
2. Consolidated Foods 
— 3301 . 2093 
1.48 1.90 
— ,3986 .3045 
1.57 2.31 
. 1208 
1.08 
—1.113 . 1563 
2.92 1.50 
3. American Tobacco 
.0137 — 5124 4155 
0.04 1.52 3.49 
1.046 — 1.049 . 2664 
2.48 2.19 3.56 
.6754 .1677 
3.27 3.38 
. 3600 — 3751 2776 
1.15 1.05 2.90 
4. Crown Zellerbach 
.3162 
2.01 
1.222 — .6603 .0757 
3.49 2.05 0.36 
. 5605 — .1108 
2.19 0.60 
5514 — .1016 
1.71 0.47 
5. Ashland Oil 
— .2418 — 4086 
1.46 2.73 
— 1833 — .3816 
1.08 2.48 
— .2752 — , 2601 
1.30 1.56 
— .2768 — .3233 
1.29 2.01 
6. National Gypsum 
— 2585 — 3889 
1.42 2.54 
~— , 2839 — 3301 
1.55 2.02 
— 2735 — ,2197 
1.59 1.36 
. 5386 — ,0960 
3.03 0.87 


Note: Numbers in italics below each coefficient are t-values. 


Constant 


468 
602 
384 
384 


485 
-550 
481 
n572 


.892 
948 
935 
826 


466 
.650 
300 
474 


516 
470 
375 
296 


419 
"470 
629 
878 


Standard 


Error 


0297 
, 0284 
. 0307 
.0307 


. 0234 
.0242 
0235 
0224 


. 0038 
.0026 
0025 
0041 


0251 
0234 
.0287 
0272 


0316 
0331 
.0359 
0365 


0327 
. 0326 
„0301 


0173 


199 


DW 


ph oon 
+ * 

Wo st 
tr ca 
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TABLE 2—(Continuec) 











Desired Capital Stock Net Investment 
SS ea Standard 
t t- Í t—2 t—1 t—2 K Constant KR? Error DW 
7. Armco Steel 

Let 4935 7527  —.0062 0872 519 .0239 1.44 
2.57 2.63 C07 2.24 

Iezp .4935 ~ 7527 — . 0062 .0872 .519 .0239 1,44 
2.57 2.03 6.07 2.24 

Ia .1510 .0941 5561 ~ ,4512 — 0666 4113 6717 0203 1,806 
2.23 1.27 2.62 1.59 6.86 3.20 

Ii .9625 .4127 ~ _2832 .0100 .0772 = 753 0179 1.98 
3.09 2.8] 1.08 6.15 2.62 

8. Combustion Engin>ering 

Le .0405 . 1032 .0776  —1.156 — ,0523 .06381 .779 .0203 2.19 
2.24 4.58 0.28 4,30 0.27 1.58 

Lexp . 1339 1431 .4383 — ,4855 .1536 .394 0319 2.35 
1.64 1.37 1.49 1.50 ‘ 2.24 

i . 1982 . 1167 ~~ 9975 -J140 .0481 = .513 .0286 1.76 
3.21 1.70 2.39 0.96 0.85 

I; —2.906 1.099 .9687 — 5433 1707 528 0282 2.64 
2.60 1.17 3.12 1.32 2.63 

9. Honeywell 

Let .0739 ~,0237  —.6803 —1.124 1.210 —.1885 .844 0160 2.77 
5.29 3.87 2.46 4.50 4.33 2.77 

Tezp 0222 —.0210 — 6491 .8209 —~ , 1255 476 0278 2.93 
1.07 0.99 1.65 oon 1.57 

Ia — .0785 2323 —.4382 6547 ~~ 0737 729 0200 2.41 
1.65 3.51 1.37 2.86 1.27 

Í 6942 3142 0027 457 0259 2.15 
1.98 1 8&2 0.05 

10. Chrysier 

Ie 0122 . 3092 — 2913 . 1388 724 0216 2.24 
2.43 2.36 2,22 3.84 

Tezp .0877 — ,0571 .3280 2773 — .2024 .1400 =. 867 0166 2.23 
3.60 1.56 2.53 2.00 2.94 4.52 

I, 0167 4017 — 2282 1564. 643 0246 1.73 
1.44 2.49 2.02 3.95 

qr .3107 — 2717 1750 575 0257 1.60 
2.00 3.16 4,48 

11. American Airlires 

Ia — .0992 —.0818 ~.0451 — 3916 .4270 346 .0542 1.55 
2.14 1.84 1.00 ” 6S 177 

Isp —.2560 — ,2123 .3603 — .4910 4252 =. 354 .0539 2.01 
1.66 1.88 1.35 0.92 hoe 

i — .4237 — .1404 2647 =. 415 .0468 0.98 
2.92 9.54 1.53 

Iı  —1.967 1.275 — . 3427 .2090 .302 .0534 2.40 
1.93 1.24 Cid 1.01 


These cross-sectional results relative tothe very similar to that used in the present work. 
I, variable present an opportunity for some Among his results is the finding that the dis- 
comparisons with recent empirical work by tributed lag effect of his sales-change vari- 
Robert Eisner. In 1969, he explored the able is unstable intertemporally in cross- 


cross-sectional relevance of a number of ex- sectional tests, Eisner suggests this may be 
planatory mechanismsinvolvingsaleschange, due to marked differences in growth rates in 
profits, and depreciation in explaining varia- sales defore and after 1960. The J, variable 


tion in a measure of investment intensity of the present comparison is roughly com- 
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Note: Numbers in ¢talics below each coefficient are t-values. 
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TABLE 3—Cross-SECTIONAL RESULTS 
1953-67 
Desired Capital Stock Net Investment 
Standard 
t t—1 t--2 t—1 t—2 K_y Constant R? Error DW 
1953 
Lez .0027 — .0033 C037 3499  — 0447 . 1133 .0152 „451 .0437 2.09 
0.96 1.18 1.33 4.69 0.61 7.13 1.98 
Tex .0719 .0275 .0504 .2795 = —.0729 .1126 .0120 =. 501 .0417 2.07 
3.29 1.87 2.91 3.72 1.04 7.48 1.70 
Ia .3370 .1132 .0129 433 .0439 2.08 
4.60 7.31 1.74 
I; — 3558 3023 .3825 — .0793 . 1162 0155 .465 0431 1,99 
1.67 1.97 5.15 l.ll 7.56 2.12 
1954 
Lot — .0027 .0052 5318 —.2089 . 1308 .0208 .404 9432 1.64 
0.99 2.61 5.24 2.18 &.06 2.68 
Lowy 0162 .0118 .5163 = — .2233 , 1443 .0094 .388 .0438 1.70 
1.65 0.95 5.01 2.28 8.47 1.15 
Ia — .0940  — 0369 ,5052 —.2336 .1319 .0132 .429 .0423 1.58 
4.07 1.40 4.99 2.48 8.36 1.71 
Ål — .5463 .5296 — 1813 .1355 .0081 .416 0426 1.67 
3.61 5.30 1.91 8.64 1.09 
1955 
Ia .0016 . 0009 .4169 , 1244 .0026 8.524 .0402 2.13 
1.50 1.23 6.14 9.49 0.38 
Lazp 0148 .0248 0548 4413 . 1183 .0008 .553 .0390 2.09 
0.94 1.20 3,59 6.60 9.12 0.13 
I, .4134 .1254 .0004 .517 .0402 2.13 
l 6.09 9.63 0.06 
I; .0867 „1940 .4073 „1271 .0010 .524 .0402 2,14 
0.71 1.49 5,96 9.73 0.16 
1956 
Ler — .0014 .0017 . 1693 . 1346 .0249 = .397 .0482 1.66 
1.15 0.94 2.88 8.47 3.18 
Loxp — .0227 .0520 .0378 .1729 —.0800 . 1328 .0197 .430 .0472 1.74 
1.49 3.08 2.11 2.94 0.88 7.82 2.35 
Ia — 0589 —.0550  — 0444 .1275  — .0733 . 1480 .0173 .429 0472 1.833 
2.64 2.31 2.30 2.15 0.82 8.87 2.05 
qy — .3097 . 1440 1345 .0240 399 0480 1.74 
1.73 2.43 8.51 3.11 
1957 
Let .0032 .0010 .2004 —.0794 .0946 .0219  .303 .0383 1.90 
1.92 1.03 2.89 1.19 6.86 3.31 
Lexp .0077 .1989 = —.0775 .0951 .0202 .288 .0386 1,89 
0.72 2.84 1.15 6.73 3.13 
Ta — .0248 .0491 —.0288 .2452  — 1094 .0922 .0188 342 .0373 1.90 
1.56 3.01 1.76 3.52 1.64 6.84 2.86 
if — . 1690 .3230 —.1771 .2352  — 0911 .0935 .0187 .340 .0374 1.92 
1.24 2.54 1.18 3.39 1.39 6.78 2.94 
1958 
Ia —.0031 —.0031 .2910 . 1303 0174 .435 0434 1.81 
2.04 1.83 4.12 8.65 2.33 
Lexp .0172 0228 . 2688 . 1301 .0098 .435 .0434 1.95 
l 1.29 1.52 3.76 8.57 1.36 
Tq — .0499 .0153 —.0172 . 2938 . 1339 .0119 451 .0429 1.86 
2.70 0.75 0.92 4.10 9.00 1.64 
fi —.3360 —.2676 —.3797 2958  — .0389 .1270 0175 =. 461 .0426 1.89 
2.41 1.56 3.03 4.21 0.74 8.19 2.39 
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Desired Capital Stock 
t t—1 t—2 
. 0053 0024 
2.00 1.52 
— ,0354 .0158 . 0137 
1.70 0,98 0.82 
— 4099 .0606 
2.62 0.52 
.0019 
1.59 
.0172 .0265 0559 
1.08 1.27 3.60 
.0163 0235 
0.89 1.43 
1691 3221 4125 
1.34 1.58 2.89 
. 0024 
1.06 
— ,0050 
0.72 
—.3195 —.1949 
2.63 1.53 
~ ,0011 —.0028 
0.84 1,24 
-— 0079 —.0146 
1.09 1.92 ° 
—.0680 —.0124 —.0240 
3.64 0.67 1.39 
— .2239 
1.88 
— .0015 .0010 
1,68 0.74 
— .0062 
0.90 
— .0392 .0232 
1.87 1.30 
— .1393 
0.95 
— .0008 
0.89 
.0168 0045 
1.41 0.60 
— .0339 .0418 
1.65 1.76 
—.1451 .4060 .3271 


TABLE 3-~—(Continiea) 


Net Investment 


t~1 


t—2 


1960 


Kı 


~y ~r 
A i, 
NON 


Constant 


Re 


371 
351 
372 
.378 


515 
545 
014 
334 


347 
343 
341 
368 


295 
309 
338 
302 


274 
. 266 
284 
266 


366 
371 
382 
.399 


MARCH 1973 
Standard 
Error DW 
.0373 1.68 
.0376 1.69 
.0372 1.72 
.0869 1.65 
.0406 2.12 
0395 2.08 
.0407 2.16 
.0400 2.14 
.0323 1.95 
.0323 1.96 
0323 1.95 
.0319 1.90 
0343 2.02 
0540 2.05 
.0333 2.03 
.0340 2.04 
.0322 1.87 
.0323 1.85 
.0320 1.87 
.0323 1.87 
.0358 1.78 
0358 1.78 
0354 1.85 
.0350 1.85 
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TABLE, 3-—(Continued) 
Desired Capital Stock Net Investment 
Standard 
t t—1 t—2 t—1 t—2 K+ Constant œR? Error DW 
1968 | 
Ia —.0069 —.0032  — 0037 .3360 1143 ,0280 .293 .0426 1.81 
1.65 1.68 2.06 3.35 5.98 3.75 
Lexp .0096 3501 . 1083 .0304 .276 .0429 1.83 
0.77 3.50 5,68 4.08 
Ia — .0605 — 0244 3216 . 1146 .0290 .300 .0423 1.83 
2.54 0.88 3.24 6.05 3.95 
Ii — .2183 . 1864 .2716 3377 . 1083 £0300 = .291 .0427 1.85 
1.38 0.84 1.35 3.35 5.69 3.84 
1966 
Ier —.0112 .0038 -3616 .0912 . 1240 .0321 .369 .0434 2.16 
23 1.59 4.29 0.87 Sla 3.99 
Iezp .0162 .0351 0256 „3330 .1394 .0232  .375 .0432 2,08 
1,14 2.65 1.79 3.99 6.67 2.82 
I — .0417 3677 . 1337 .0279  .352 .0437 2.11 
1.86 4.45 6.50 3.57 
I; — .8097 4848 . 2069 4293 . 1299 .0241 .409 .0420 2.07 
3.55 3.09 1.12 5.30 6.52 3.07 
1967 
Ia — ,0038 .3596 —.1109 1117 .0262 .436 .0327 1.78 
1.21 5 82 1.70 6.58 4.30 l 
Leap 0103 —~.0123 .3823  —.1147 . 1130 .0248 .438 .0328 1.81 
0.95 1.22 6.03 defo 6.47 3.98 
Ta — .0338 —.0435 .3290 —.1106 „1157 .0234 .462 .0320 1.74 
1.98 2.64 5,36 1.74 7.01 3.94 
I: —.3981 —.3950 .3556 —.0901 .1091 .0231  .468 .0319 1.74 
2.98 2.25 5.86 1.4] 6.63 3.92 


Note: Numbers in ttalics below each coefficient are t-values. 


parable with his sales change variable. Our 
sign inconsistencies in the J, variable in the 
present work are generally similar to his re- 
sults, but do not show any particular break- 
point in pattern before and after 1960. How- 
ever, at least in the present analysis, the ob- 
served inconsistencies may be entirely due to 
a suspiciously high level of multicollinearity.? 

Troublesome as these sign inconsistencies 


6 Eisner deflated his sales change terms by a moving 
average of past or base period sales change, while our 
I, sales change term was deflated by past total assets. 
This prohibits comparisons between coefficient magni- 
tudes. However, the significance of t+ values can be rea- 
sonably examined. 

7 However, Wilks-type F-values suggest that the 
presence of multicollinearity in the present cross-section 
is most severe among desired capital stock terms. This 
indicates the total summed effect of a desired capital 
stock coefficient will be more reliable than individual 
terms. However, substantial intertemporal instability 
continues to be present in the summed cross-sectional 
effect of the J, term, which is suggestive of Ejisner’s 
result. 


might be, they do not directly relate to the 
principal data upon which the JS conclusicns 
are based. These data emerge for each firm 
from a ranking of standard errors resulting 
from the best-fitting distributed-lag speci- 
fication for each desired-capital-stock proxy. 
For our expanded sample, such residual-vari- 
ation comparisons have been prepared for 
both the time-series and cross-sectional re- 
sults, and shown in Table 4. In Table 4, the 
standard error for each of the four models has 
been ranked for each of the 184 firms in the 
enlarged time-series sample. The model 
listed vertically on the Y axis had a lower 
standard error than the model listed hori- 
zontally on the X axis in the number of cases 
shown. 

One aspect of these expanded time-series 
rankings of particular interest is the extent 
to which they reflect systematic industry dif- 
ferences in model rankings. If important 
differences in residual variance rankings is 
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TABLE 4—MopeL RANKINGS® 


JS Camparisons: 15 Firms (1949-63) 


Time-Series 
I cl I exp T, a i z 
Tet — 9 11 10 
lecp 5 — 9 10 
Ig 4 6 ` — 10 
qi 4 4 5 mem 
Enlarged Comparisons: 184 Firms (1953-67) 
Time-Series 
iy Te I el T exp 
Qi — 88 04 95 
Ia 86 — 88 102 
Lai gi 88 — 97 
less 79 75 74 — 
‘Enlarged Comparisons: 15 Years (1953-67); 184 Firms 
Cross-Section 
I H I a I exp T el 
{i — 9 9 13 
Ta 6 — ' 9 9 
dass 4 4 ae 7 
Tet 2 3 § te 


a The overall JS ranking is: Ier; ezp; Ta; Iı. The neo- 
classical I model (containing capital gains effects) has 
been eliminated from this comparison. It ranked slightly 
above the simpler neoclassical II model, Za (superior in 
8 of 15 firms in the standard error criterion) and was 
almost identical on other criteria used. 


attributable to industry, then our overall 
rankings become a product of the choice of 
industrial sample, and the meaning of the re- 
sults of Tables 4 and 5 is altered accord- 
ingly. To test for industry-homogeneity of 
the obtained rankings, a chi-square test was 
employed. Combinations of two-digit level 
industries were formed to produce groupings 
of at least ten firms, having either single or 
side-by-side two-digit codes. The overall 
ranking proportions for each model were used 
as the basis of the expected frequencies in 
each industrial grouping. A smallest-cell 
overall proportion of .216 required at least 
ten firm groupings in order to produce a 
minimum expected cell frequency greater 
than 2, a requirement for the test. The in- 
dustrial groupings, numbers of firms, and 
calculated chi-square values are shown in 
Table 6. As seen, only one industrial segment, 
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Food and Beverages was significantly non- 
homogeneous at the 5 percent level, produc- 
ing a value significant at approximately the 
4 percent level. This suggests the obtained 
results are largely free of substantial industry 
effects, and are not particularly due to the 
industry composition of the enlarged sample. 

However, since this may not be true of the 
Food and Beverage segment of our sample, it 
is of interest to examine these results sepa- 
rately. Table 7 shows model comparisons 
similar to those of Table 4 for the twenty- 
seven Food and Beverage firms in the sam- 
ple. As seen, the impact of the nonhomoge- 
neity :s mainly upon the ranking of the neo- 
classical model, which moves from an overall 
rankirg of third to first among these firms, 
while ther models remain in the same rela- 
tive position as in the overall rankings. This 
suggests that the appearance of twenty- 
seven Food and Beverage firms in the sample 
may symewhat unduly influence the results 
in favor of the neoclassical explanation of in- 
vestment. In Table 8, the time-series com- 
parisons of Table 4 are recomputed omitting 
the Fcod and Beverage firms. As seen, little 
impac on the overall rankings results. Taken 
together, the results of Tables 6, 7, and 8 sug- 
gest that our rankings and model compari- 
sons are largely unaffected by the industry 
composition of the sample, although some 


TABLE 5—-SIGNIFICANT COEFFICIENTS FOR 
DESIRED CAPITAL STOCK 


t t-—1 t—2 Total 

JS Results 

Ia 14 10 4 28 

Tas 13 7 3 23 

I, 9 9 1 19 

L 4 8 2 14 
Enlarged Time-Series 

Ig 88 86 93 267 

rf; 93 83 82 258 

Iza 93 73 84 250 

Ta 94. 82 74 250 
Cross-Section 

qy i5 9 8 32 

Les 11 8 10 29 

Ie iat 10 7 28 

Tat il 10 7 28 
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TABLE 6—HOMOGENEITY Test OF RANKINGS 


Two-Digit Number of 
Group Compustat Code Industry Type Firms Chi-Square 
i 10, 12, 13, 14 Metals and Mining 11 15.570 
2 20 Food and Beverages 27 17.7608 
3 21, 22, 23, 25 Tobacco, Textile, Furnishings 12 13 462 
4 26, 27, 28 Paper, Chemicals, Drugs 21 10.179 
5 29 Oil, Building Materials 14 9.772 
6 30, 31, 32 Rubber Products, Containers, Cement 13 16.669 
7 33, 34 Steel, Aluminum, Copper, etc. 20 8.736 
8 35 Machinery 23 5,280 
9 36 Electrical Equipment 11 5.215 
10 37, 38, 39 Automobiles, Aerospace, etc. 19 14,898 
il 45, 48, 50, 53, 54 Miscellaneous 13 13.699 
Total 184 


8a Significant at the 5 percent level. 


bias in favor of the neoclassical model may be 
present due to the Food and Beverage seg- 
ment of the sample. With this possibility 
noted, we may consider the present results in 
light of those of JS. 

Unlike the JS results, the enlarged com- 
parisons reveal that only small differences 
can be identified in the overall relative im- 
portance of the liquidity, accelerator, and 
classical models, while a slight inferiority of 
the expected profits model to the other three 
is revealed. In the cross-sections, a clearer 
separation in the rankings appears, with the 
liquidity model being the most effective de- 


TABLE 7—Foop AND BEVERAGE FIRM COMPARISONS 





Let Qi In Lezp 
Tet S 14 17 15 
Qi 12 — 15 15 
Tq 9 11 — 15 


TABLE 8—COMPARISONS EXCLUDING . 
Foop AND BEVERAGES 








rT L if a f at I ezp 
qi m= 73 82 80 
Te 75 — 79 87 
le 67 71 — 82 
Tes 67 6 = 64 = 





terminant of desired capital stock in nine of 
fifteen comparisons with the accelerator 
model, nine of thirteen comparisons with the 
expected profits model, and thirteen of fifteen 
comparisons with the neoclassical model. 
Similarly, the accelerator model is more effec- 
tive than either the expected profits or neo- 
classical model while the neoclassical model 
is the least effective of those evaluated cross- 
sectionally. 

The relatively weak explanatory power of 
the expected profits proxy in our tests may 
shed some light on an earlier finding by 
Eisner (1967) that the rate of return on mar- 
ket value of the firm does not prove statistic- 
ally significant in cross-sections and has a 
negative coefficient in firm-level time-series. 
Our /exp variable is a measure of firm market 
value similar to the denominator in his ex- 
pression. We find the total distributed lag 
effect of this variable to be inconsistent in 
direction in both time-series and cross-sec- 
tions, and to be generally inferior in its ex- 
planatory significance. This suggests that 
Hisner’s finding may be due to the lack of 
significance and consistency which attaches 
to the market-value measure in the denom- 
inator of his expression. 

Furthermore, the relatively strong cross- 
sectional showing of the capacity-utilization- 
accelerator J, variable relative to other de- 
sired capital stock proxies suggests a more 
Eisner-like and a less Jorgenson-like view of 
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corporate investment functions may be more 
appropriate than that indicated by the JS 
study. In fact, the accelerator proxy pro- 
vided a better explanatory variable than the 
neoclassical model in nine of twelve cross- 
sectional comparisons. However, this view is 
not wholly reinforced by the time-series re- 
sults which show the two to be virtually 
indistinguishable in the overall comparison 
and which show the accelerator explanation 
slightly superior to the neoclassical explana- 
tion (79 of 150 comparisions) in the homoge- 
neity-corrected sample. Moreover, the rather 
high R? values for the cross-sectional tests of 
the J, variable support Eisner’s (1967) con- 
clusion that the role of past sales changes in 


cross-sections is significant, presumably as a ` 


proxy for expected long-run pressures of de- 
mand on capacity.® 

Based on strict numerical rankings, the 
results of the enlarged time-series and of the 
_ cross-sections agree in assigning the highest 
ranking to the liquidity model, Jı, and the 
second ranking to the accelerator model, Ją. 
For the third and fourth ranks, the neoclassi- 
cal and expected profits models are reversed 
in the cross-sections from the time-series. 
With the earlier noted differences in the 
nature of cross-sectional and time-series evi- 
dence, the general correspondence in rank- 
ings suggests that the comparative effective- 
ness of the alternative models does not 
strongly depend upon the choice of time- 
series or cross-sectional perspective. 

An additional comparison with JS can be 
obtained by following their procedure of 
enumerating the coefficients for the desired 
capital stock terms for each model. The fre- 
quency with which a desired capital stock 
term was included in an equation is taken by 
JS as an indication of its empirical impor- 
tance. More significant desired capital stock 
proxies would lower the residual variation of 
the investment equation more frequently 
than less significant proxies, and would there- 
fore be included and assigned nonzero values 
more frequently. Table 5 shows these results, 
along with those of JS. In the enlarged time- 


3 Again, the differences in definition of sales change 
should be considered. See fn. 6. 
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series and in the cross-sections, only small 
numerical differences separate the included 
coefhzcents for the four models, leaving an 
incoaclusive picture on this criterion. | 

Tazen together with the rankings of Table 
4, the overall impression is that important 
differences in the empirical relevance of al- 
ternative models do not appear in our en- 
larged time-series sample. Some ability to 
distizguish among models derives from the 
cros¢-s2ctions, and suggests that the liquidity 
explanation is the most effective alternative 
cons:dered. 

Taus, the major conclusion of the JS study 
thaz tke neoclassical model of investment is 
more 2tective than other alternatives simply 
does not stand up to the enlarged test, and 
must 23w be interpreted as having no general 
impl-cetions beyond their sample. Other con- 
clusions, such as their rejection of the liquid- 
ity model as a serious explanatory mechan- 
ism, must be similarly reinterpreted to apply 
to 2 much smaller set of firms. In the en- 
large= sample, the -iquidity explanation of 
investment is among the most effective avail- 
able. 

The present finding is also of interest in 
ligh: of the information content of the al- 
ternatives defined by JS. The accelerator, ex- 
pectec profits, and liquidity models are each 
functions of a single variable while the neo- 
classical model incorporates several variables 
including those comprising the accelerator 
and expected profits models. That the greater 
asse->_age of information does not improve 
(and cetracts from) the results obtained by 
the s:mpler models does not speak well for 
the =mpirical pertinence of the neoclassical 
formation. Furthermore, the market value 
of the firm contained in both the expected 
profits and neoclassical formulations appears 
if anv thing to be an inferior means by which 
to explain investment behavior when em- 
ploy=i 2ither as an expectations or cost-of- 
capita: measure. 

Finely, evidence is accumulating which 
suggs3is that several of the variables in- 
volved :n the JS comparison may be jointly 
determined along with investment as parts 
of a simultaneous system of corporate finan- 
cial beaavior. Empirical results by Mueller, 
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Dhrymes and Kurz, and Elliott in particular 
lead in this direction. Under such circum- 
stances, the single-equation structure of such 
a comparison may be inappropriate. Even 
putting this possible difficulty aside, the 
clearest indication obtained by the present 
results is that the most relevant explanatory 
model for individual corporate investment 
behavior is not the neoclassical framework 
of JS but an open question in need of more 
inquiry. 
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Unemployment and Corisumption: 


Note 


By MICHAEL GROS3MAN* 


According to a new approach to demand 
theory, households produce the commodities 
that enter their utility functions with inputs 
of market goods and their own time (see 
Gary Becker, Becker and Robert T. Michael, 
Kelvin Lancaster, Richard Muth). Provided 
time and goods were not employed in fixed 
proportions in the production of commodi- 
ties, consumers would have an incentive to 
substitute the former for the latter if the 
price of their time, measured, say, by their 
potential real wage rate, declined. Since the 
incidence of unemployment causes the price 
of time to fall, one would expect unemployed 
workers to substitute their own time for mar- 
ket goods in the production of commodities. 

In this note, I use the notion of substitu- 
tion in production between goods and time 
to interpret data on detailed family consump- 
tion expenditures before and during unem- 
ployment. The information is contained in a 
survey of the insured unemployed. In par- 
ticular, I focus on differences in the pattern 
of expenditure reductions that emerge when 
primary market workers are unemployed, 
compared to when secondary market workers 
are unemployed. I also examine differences in 
the estimated income elasticity of total con- 
sumption for claimants in low unemployment 
areas compared to that for claimants in high 
unemployment areas. A tentative part of this 
analysis is a computation of the reduction in 
total consumption due to substitution of time 
for goods that would occur if unemployment 
were fully anticipated and, hence, not ac- 
companied by a reduction in permanent in- 
come. 


I. Data and Methods 


This note is based on data from six studies 
of the insured unemployed, conducted by the 


* Research associate, National Bureau of Economic 
Research. I am grateful to Gary S. Becker, Carol Breck- 
ner, Ilene J. Grossman, Arlene Liebowitz, Robert T. 
Michael. Margaret Reid, Paul Wachtel, an anonymous 
referee, and the editor of this Review for their helpful 
comments on an earlier draft. 
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Bureau of Employment Security (BES) of 
the U.5. Department of Labor between 1953 
and 1958.1 The labor market areas in the 
BES sample, the dates during which each 
survey was conduczed, and the overall un- 
erpiovment rate of the area during those 
dates are shown in Table 1. The surveys in- 
cluded average monthly family expenditures 
befor: and during unemployment for eleven 
exhaustive components of total consump- 
tion. Cata were collected from three types of 
claimants: single individuals, heads of four 
person households (primary market workers), 
and aonheads of four person households 
(secomdary market workers).? There were 
462 single individuals in the sample, 774 
heeds of. four person households, and 482 
nonheads. In the BES publication based on 
the surveys, the expenditure information was 
given in the form of area averages by claim- 
ant type. Hence, there were six observations 
for eazi claimant type. 

I cefiated outlays in each expenditure 
catzgcry by a corresponding component of 
the Consumer Price Index (CPI) (1957—59 
= 100). I selected the appropriate annual de- 
flaters for before- and during-unemployment 
expenditures as follows. For Pittsburgh, the 
unemplcyment period occurred mainly dur- 
ing 1954. Therefore, deflation of outlays dur- 
ing this period made use of the 1954 CPI 
compcrents. The deflators used with before- 
unemployment sperding were chosen by 
applving the average duration of unemploy- 


1 For a complete description of the data, see BES No. 
U-2C3, Nore that the BES is now part of the Manpower 
Admiristretion. 

2? Altkoagh the published data did not give the sex of 
the claimant, most nonheads of four person households 
are undeuktedly wives. Since differences in the economic 
roles of peimary and secondary market workers in the 
hous2ko.c can explain my main results, I do not empha- 
size differences based on a sex classification in the paper. 
I would ike to thank Carol Breckner, Ilene J. Grossman, 
and £ reze-ee for urging me to adopt the primary worker- 
secor.dary worker terminology. This terminology should 
prevent readers from getting the mistaken impression 
that Lam a “male chauvinist pig.” 
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TABLE 1—Tue BES SURVEY 


Unemploy- 
ment Rate 
Area Dates — (percent) 
Pittsburgh, Pennsylvania 9/53-8/'54 9.4 


Tampa-St. Petersburg, 


Florida 11/55-10/56 4.2 
Andersonville-Greenville- 

Spartanburg, South 

Carolina 4/56-3,/57 3.7 
Albany-Schenectady- 

Troy, New York 5/56-4,/57 3.4 
Portland, Oregon 4/57-3/58 10.0 
St. Louis, Missouri 4/57~3,/58 9.2 


ment to the midpoint date of the survey 
period. For Pittsburgh, the midpoint date 
was February 15, 1954. Since claimants re- 
ported an average duration of unemploy- 
ment of 20 months, it was assumed to begin 
in June 1952, and outlays while employed 
were deflated by the CPI components for 
1952. A similar procedure was applied to the 
expenditure data of claimants in the other 
five areas. 

After deflation, I computed mean expendi- 
tures before and during unemployment by 
claimant type. The mean expenditure on a 
given item was defined as a weighted average 
of the six area means, where the weights were 
the proportion of the sample in each area. 
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Note that my procedure eliminated the 
effects on the expenditure data of price 
changes both during the entire 1953-58 pe- 
riod and during the movement from employ- 
ment to unemployment in each area. 


II. Differences in Head-Nonhead 
Expenditure Reductions 


Table 2 gives consumption elasticities and 
marginal propensities to consume for four 
person families in which the head was unem- 
ployed, and for four person families in which 
the nonhead was unemployed. The consump- 
tion elasticity of food, for example, equals the 
percentage reduction in deflated family food 
outlays caused by unemployment divided by 
the percentage reduction in deflated total 
consumption. The marginal propensity to 
consume food equals the absolute reduction 
in deflated food outlays divided by tke abso- 
lute reduction in deflated total consumption. 

In comparing families in which the head 
was unemployed to those in which the non- 
head was unemployed, I use the reduction in . 
current consumption as an index of the re- 
duction in permanent income due tc unem- 
ployment. The reduction in current con- 
sumption is used instead of the reduction in 
current income because the former clearly 
has a smaller transitory component than the 
latter. Since to a large extent, unemployment 
causes a temporary decline in income, one 


TABLE 2—CONSUMPTION ELASTICITIES AND MARGINAL PROPENSITIES TO CONSUME 
FOR Four Person HOUSEROLDS WHERE HEAD OR NONBEAD I5 UNEMPLOYED i 


Marginal Propensity 


Consumption Elasticity to Consume 
Item Head Nonhead Head Nonhead 

Food l 74 74 22 .20 
Housing and utilities 79 35 17 .07 
Household operations 97 4.16 .05 a | 
House furnishings 1.03 62 04 02 
Clothing 1.64 2.50 .09 Be 
Medical care 1.45 54 .07 02 
Transportation 1.14 .88 17 15 
Personal care .00 1.39 .00 .02 
Tobacco and alcoholic 

beverages 97 89 04 .02 
Reading and recreation 91 1.31 04 -05 
Other 1.77 £32 Al .03 


Note: Computed from: U.S. Department of Labor, BES, Tables B-2, B-6, D-3, and D-5. 
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would expect persons to react to it mainly by 
adjusting their savings.® 

According to traditional demand theory, 
the various goods and services in Table 2 are 
the basic arguments in consumers’ utility 
functions. Provided relative prices did not 
change when workers became unemployed, 
it would attribute reductions in the consump- 
tion oi these goods and services solely to an 
income effect. If families in which the head 
was unemployed had the same set of per- 
manent income or consumption elasticities as 
families in which the nonhead was unem- 
ployec, then the correlation coefficient þe- 
tween these two sets of elasticities should 
equal +1. In fact, the Spearman rank correla- 
tion coefficient between the consumption 
elasticities in Table 2 is —.23, and the prod- 
uct-moment correlation coefficient is —.04.4 
Such low (and even negative) correlations 
are inconsistent, at least at first glance, with 
the hypothesis that the two claimant groups 
have the same set of permanent income elas- 
ticities. 

Some of the differences in the pattern of 
expenditure reductions revealed by Table 2 
are striking. Whether the dissimilarity be- 
tween the two consumption elasticities for 
each item in the table is measured by their 
ratio or by their difference, household opera- 
tions and clothing deserve special mention. 
Their consumption elasticities for families in 
which the nonhead was unemployed are, re- 
spectively, four times as large and one and a 
half times as large as the corresponding elas- 
ticities for families in which the head was 
unemployed. In terms of marginal propensi- 
ties to consume, the differential impact of 
unemployment of heads and nonheads on the 
quantizy of household operations demanded 
is most noticeable. The reduction in house- 
hold operations for nonheads accounts for 27 
percent of the reduction in total consump- 


* If the permanent income elasticity of total consump- 
tion equaled unity, then the percentage change in con- 
sumption would coincide with the percentage change i in 
permanent income, 

4 If the category Other Consumption is omitted from 
these calculations, the rank correlation coefficient is 
+-.02, and the product-moment correlation coefficient 


is +.12. 
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tion. Tke corresponding figure for heads is 5 
percent.® 

The rousehold production function ap- 
proach to demand analysis provides a cogent 
explanazion of the relatively large reductions 
in the quantities of household operations and 
clothing demanded when secondary market 
workers become unemployed. Its explana- 
tion is based on the proposition that the 
elasticities of derived demand for various 
market goods with respect to the price of 
secondary workers’ time are likely to exceed 
the elasticities with respect to the price of 
primary workers’ time. 

Far instance, the specific items included in 
househo-d operations outlays are inputs, 
together with primary workers’ time and 
seconcary workers’ time, into the production 
of commodities such as ‘cleanliness of the 
home,” “cleanliness of the people who live in 
the home,” and “child care.’’® When either 
primary workers or secondary workers be- 
come uremployed, the price of their time 
falls, anc an incentive is created to substitute 
this time for market goods in the production 
of cleanliness or child care. Since secondary 
market workers are primary nonmarket 
workers, the share of their time in the total 
cost of producing certain commodities is 
likely to exceed the share of primary workers’ 
time in total cost. Thus, if the Allen partial 
elasticities of substitution in production (see 
R. G. D. Allen, pp. 503-09) between primary 
workers’ time and market goods and between 
secondary market workers’ time and market 
goods were equal, the derived demand elas- 
ticity of household operations with respect 
to the price of secondary workers’ time would 
be greater.’ To the extent that the secondary 


5 Although the consumption elasticity of personal! care 
is 1.4 for nonheads and 0 for heads, the differential im- 
pact cf unemployment of heads and nonheads on the 
quantity of this item demanded falls dramatically when 
marginal propensities to consume are examined. 

6 Household operations outlays consist of 1) laundry 
sent out, 2) cleaning of rugs and draperies, 3) launder- 
ette and coin operated washing machine service, 4) 
wages and tips to domestic servants, 5) laundry soaps 
and cleaning supplies, and 6) fees to day nurseries, child 
care centers, and baby sitters. 

T In analyzing derived demand elasticities, I rule out 
substitution in consumption among commodities by as- 
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worker partial elasticity of substitution ex- 
ceeded the primary worker partial elasticity 
of substitution, the difference in derived 
demand elasticities would be even larger. 

Along similar lines, clothing and time pro- 
duce commodities such as “warmth” and 
“style.” Once again, the results in Table 2 
are consistent with the hypothesis of a posi- 
tive differential between the shares of secon- 
dary and primary workers’ time in total cost. 
Presumably, in some household activities, 
there are negative differentials between these 
shares or greater partial elasticities of substi- 
tution between primary workers’ time and 
market goods. Indeed, for the items housing 
and utilities, other consumption, and medical 
care, head consumption elasticities and mar- 
ginal propensities to consume exceed the cor- 
responding nonhead estimates. The first two 
items, however, consist of diverse compo- 
nents, and the medical care differential can 
be explained by the purchase of group health 
insurance by the head for himself and his 
family at his place of work. Therefore, it is 
not possible to use the BES budget studies 
to identify household activities in which pri- 
mary workers’ time and market goods are 
good substitutes. 

It should be noted that within the context 
of the household production function model, 
the low correlation between the consumption 
elasticities of heads and nonheads need not 
imply that the two groups have different 
“pure” permanent income elasticities. By 
pure permanent income elasticity, I mean 
the income elasticity that would be observed 
if a change in permanent income were not 
accompanied by a change in the value of the 
time of one or more family members. This 
would occur if, for example, a family, all of 
whose members worked in the market, suf- 
fered an unanticipated decline in property in- 
come. Since unemployment lowers the value 
of time, it generates substitution as well as 


suming that relative prices of commodities are not af- 
fected by changes in the price of time. In other words, 
I assume that the shares of secondary and primary 
workers’ time in the total cost of producing a given com- 
modity do not vary among commodities. Given the 
fairly aggregate nature of the items in Table 2, this is a 
weak assumption. 
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income effects. These substitution effects can 
go a long way in explaining the differential 
impact of the unemployment of primary 
market workers and secondary market work- 
ers on the quantities of various market 
goods demanded. 


III. Income Elasticities of 
Total Consumption 


Three of the BES studies were undertaken 
during years of business contraction, while 
the other three were conducted during years 
of relative prosperity (see Table 1). The three 
labor market areas that were surveyed during 
recessions had much higher unemployment 
rates than the other three. In this section, I 
compare the income elasticity of total con- 
sumption for claimants in high unemploy- 
ment areas to that for claimants in low un- 
employment areas. Presumably, claimants in 
high unemployment areas were unemploved 
mainly for cyclical reasons. On the other 
hand, unemployment in the other areas was 
presumably due to seasonal or frictional fac- 
tors.® 

In general, it is much more difficult for 
workers to predict or anticipate cyclical un- 
employment than to predict seasonal or fric- 
tional unemployment. Hence, they would 
view a loss in income due to the former type 
of unemployment as a more serious loss than 
that due to the latter type. Based on this 
argument, unemployed workers in high un- 
employment areas should exhibit larger in- 
come elasticities of total consumption than 
those in low unemployment areas. Table 3 
illustrates the truth of this proposition. For 
each of the three claimant types, the esti- 
mated income elasticity of consumption in 
high unemployment areas is approximately 
twice as large as the income elasticity in low 
unemployment areas.? 


è Since all of the members of the sample were receiving 
unemployment compensation benefits, it is not likely 
that they were unemployed for long-term or structural 
reasons. 

° The income elasticity of total consumption equals 
the percentage reduction in deflated family consumption 
due to unemployment divided by the percentage reduc- 
tion in deflated family income. Note that family income 
during unemployment includes unemployment com- 
pensation benefits. 
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TABLE 3-—-INCOME ELASTICITIES OF TOTAL 
CONSUMPTION BY CLAIMANT TYPE AND 
UNEMPLOYMENT LEVEL or AREA 


Group Income Elasticity 

Single individuals 

High unemployment areas 38 

Low unemployment areas 23 
Heads of four person households 

High unemployment areas 46 

Low unemployment areas .20 
Nonheads of four person households 

High unemployment areas 43 

Low unemployment areas 18 


If seasonal or frictional unemployment 
were fully anticipated, it would cause no re- 
duction in permanent income. This does not 
mean that such unemployment would have 
no impact on consumption. The price of time 
of seasonally unemployed workers would de- 
cline temporarily, and they would have an 
incentive to substitute time for goods in the 
production of commodities.’ 

By assuming that workers in low unem- 
ployment areas fully anticipated their unem- 


ployment, it is possible to put an upper limit. 


on the reduction in consumption due to sub- 
stitution of time for goods. If the income 
elasticity for heads is employed in this calcu- 
lation, then a 10 percent reduction in family 
income due to fully anticipated unemploy- 
ment would reduce consumption by 2 per- 
cent on account of the substitution effect. 
Put differently, the income elasticity for 
heads in high unemployment areas shows 
that if family income fell by 10 percent in a 
recession, consumption would fall by 4.6 per- 
cent. A little less than half of this decline 
would be due to the substitution of time for 
goods, and a little more than half would be 
due to the reduction in permanent income. It 
should be emphasized that this is an ex- 
tremely tentative calculation. To the extent 


10 This point has been made by Becker and Gilbert R. | 


Ghez. Note from Table 3 that with the level of unem- 
ployment held constant, income elasticities are practi- 
cally the same for each of the three types of claimants. 
Therefore, there is no evidence in the BES data that 
secondary market workers’ time and market goods are 
better substitutes in elf household activities than pri- 
mary market workers’ time and market goods. 


MARCH 1973 


that workers in low unemployment areas did 
not anticipate their unemployment, part of 
their reduction in consumption would be due 
to an income effect. I believe, however, that 
the incentive to substitute time for goods 
durinz periods of unemployment can explain 
at leas: part of the decline in total consump- 
tion curing such periods. 


IV. Summary and Implications 


In zhis note, I have argued that in the pro- 
duction of the household commodities, clean- 
liness child care, warmth, and style, secon- 
dary market workers’ time and market goods 
are better substitutes than primary market 
workers’ time and market goods. This ex- 
plains the relatively large declines in outlays 
on hcusehold operations and clothing that 


are observed when secondary workers be- 
come unemployed. During recent decades, 


the labor force participation rates of married 
women and other secondary market workers 
have -ncreased substantially. Therefore, an 
immedizete implication of my findings is that 
the pactern of cyclical fluctuations in the 
various components of total consumption 
might. change in the future. Given the rela- 
tively tigh elasticities of derived demand for 
various market goods with respect to changes 
in the price of secondary market workers’ 
time, cvclical fluctuations in household oper- 
ations end in clothing should increase in the 
future. | 

In tais note, I have also argued that not all 
of the eduction in total consumption that 
accompanies unemployment can be attrib- 
uted to an income effect. Instead, part of this 
reduction is due to the incentive to substitute 
time for zoods in the production of commodi- 
ties. Eence, even if unemployment compen- 
sation kenefits offset a substantial fraction of 
any decline in permanent income caused by 
unemployment, one would expect total con- 
sumpt.cn to fall during such periods. 
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A Test for Relative Economic Efficiency: 
Some Further Results 


By Pan A. YOTOPOULOS AND LAWRENCE J. Lav™ 


Economic efficiency can be decomposed 
into two components: technical efficiency 
and price efficiency. A firm is said to be more 
technically efficient than another if it con- 
sistently produces larger quantities of output 
from the same quantities of measurable in- 
puts. Differences in technical efficiency among 
(groups of) firms can therefore be captured 
by quantifying their differences in ‘‘technol- 
ogy.”! On the other hand, a firm is said to be 
price-efficient if it maximizes profits. Since 


profit maximization implies equalization of - 


the value of the marginal product of each 
variable input to its price, analysis of price 
efficiency involves also variables that are not 
ordinarily included in production function 
analysis—prices.” Differences in economic 
- efficiency among (groups of) firms may be 
caused by differences in technical and/or 
price efficiency. 

We compare relative economic efficiency of 
two firms with varying degrees of technical 
and price efficiency. For this purpose we com- 
pare the actual profit functions of the two 
firms, at given output and input prices and 
quantities of measurable fixed inputs. The 
firm which has higher profits (i.e., total 
revenue minus the total cost of the variable 


* Associate professor, Food Research Institute, and 
assistant professor, department of economics, Stanford 
University, respectively. Earlier drafts of this paper 
benefitted from comments of Richard R. Nelson and 
Vernon W. Ruttan. Wuu-Long Lin provided competent 
research assistance. The research was partially sup- 
ported by National Science Foundation grant GS-2874- 
Al to Stanford University. We alone are responsible for 
any errors therein. 

! Examples of studies that focus on technical efficiency 
are Michael Farrell, Yair Mundlak, W. D. Seitz (1970), 
Robert Solow, and C. Peter Timmer (1970). 

? Examples of studies of price efficiency are W. David 
Hopper, Theodore W. Schultz, and Yotopoulos (1967a, 
1968). These studies, however, are more limited than 
our approach to price efficiency since they allow only for 
inter-group (instead of both inter- and intra-group) 
variations in factor prices. The difference is further 
spelled out in J. Wise and Yotopoulos (1969). 
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factors of production) within a certain speci- 
fied range of outpuz and input prices is con- 
siderzd to be the more economic-efficient 
firm “within that range of prices}. By apply- 
ing tas concept in the comparison of small 
and la-ge Indian farms, we found in our pre- 
vious paper (see Lau and Yotopoulos (1971)) 
that small farms are more economic-efficient. 
For many purposes, however, it is important 
to assess the relative importance of the two 
factors responsible for observable differences 
in relative economic efficiency. In this paper, 
we extend our earlier work with the specific 
purpcse of identifying and isolating the causes 
for such difference between small and large 
farms. As an illustration we apply our tech- 
nique zo the same body of data as used in 
Lau and Yotopoulos (1971). 

Knowledge of the values of the technical- 
and pr.ce-efiiciency parameters may be cru- 
cial in the formulation of policies. Suppose 
that iifferences in relative economic efh- 
clency stem from differences in behavioral 
decision rules associated with the ability to 
maximize profits, then identifying the two 
components of techrical and price efficiency 
can lead to better predictions. Again, sup- 
pose iz were socially desirable to bring about 
the “value of the marginal product equals 
cost” zule, it would be possible, if the actual 
decisicn rules are known, to work out a sys- 
tem of ad valorem taxes and subsidies on the 
variable inputs and limp sum taxes and sub- 
sidies 39 that the social optimum would be 
attained. Finally, such knowledge may have 
impor-ent implicaticns on agrarian reform, 
agricu tural education, and agricultural ex- 
tension policies. 

As £ by-product of our analysis we also 
perform a simple stzetistical test of the hy- 
pothesis of constant returns to scale within 
the framework of the profit function. In our 
specific epplication the question of whether 
agriculture is characterized by increasing re- 
turns, constant, or decreasing returns is a 
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crucial point that has important policy im- 
plications. 

In Section I, the model is briefly described. 
In Section II, the relevant statistical tests 
are formulated in the context of the Cobb- 
Douglas function. Section ITI is on empirical 
implementation and statistical results. Sec- 
tion IV contains a brief summary and con- 
clusions. 


I. The Model 


The model that we use is identical to the 
one in Lau and Yotopoulos (1972). The basic 
extension that allows us to identify sepa- 
rately the components of technical and price 
efficiency lies in the utilization of the factor 
demand functions. Let there be two firms? 
denoted by the superscripts, with the pro- 
duction functions, respectively,* 


(1) Vi = A'MF(X}, Z9; V? = A2F(X?, Z3) 


where V is output, X and Z are vectors rep- 
resenting the variable inputs and the fixed 
inputs of production, respectively. Equation 
(1) incorporates firm-specific technical efh- 
clency,® captured by the neutral differences 
in the production function, A! and A?. Two 
firms are equally technical-efficient if, and 
only if, A'=A?. 
The ‘marginal conditions are e given by 


OAIF(X1,Z) 11 


(2) aa kici 
> 
kj = 0 
9A2F(X2, Z) 23 
nr T 
j 
ki = 0; 
g=i,...,m 


where cj is the money price of the jth input 


3 This analysis can be easily extended to n firms. 

4 In the notation that follows, we will continue at 
times to use the variables X, Z, k, and c unsubscripted 
in order to denote vectors. 

5 Consistent with the “technical progress” literature, 
these parameters represent differences in environmental 
factors, in engineering entrepreneurial ability and in 
other nonmeasurable fixed factors of production. 


YOTOPGULOS AND LAU: RELATIVE ECONOMIC EFFICIENCY 215 


divided by the money price of output faced 
by the ith firm. The ¢}’s will be referred to as 
normalized prices. Equation (2) allows a firm 
to be unsuccessful in its attempts to equate 
values of the marginal product of its inputs 
to their respective normalized prices. This is 
introduced through the firm-specific and 
variable input-specific kj and it represents 
differences in managerial-entrepreneurial 
ability. If, and only if, two firms are equally 
price-efficient with respect to all variable in- 
puts, then kj =k}, for j=1, , m. 

To the production function. F (X, Z) cor- 
responds a Unit-Output-Price (UOP) profit 
function,’ 


(3) WG 44 Gt Zi os og Za) 
where Il is VOP profit (i.e., current revenues 
less current total variable costs) divided by 
the money price of output and cz is the nor- 
malized price of variable input X;. As shown 
in our 1971 article, the actual demand func- 
tions are given by 


; At aG(hict/ As; Zi 
(4) X; = — OE TE Ae). 
ki ac! 





4=1,2;7 =1,...,m 
The supply function is given by 


(5) Vi= As (atic At; Z') 


m ; OG(k'ct/ At; Z* 
eee 2 


i 
i = 1,2;j = 1,..., m 


6 In our formulation, k; reflect a general systematic 
rule of behavior—a decision rule that gives the profit- 
maximizing marginal productivity conditions as a spe- 
cial case. That the decision rule for the firm ccnsists of 
equating the marginal product to a constant times the 
normalized price of each input may be rationalized as 
follows: (i) Consistent over- or under-valuation of the 
opportunity costs of the resources by the firm; (11) Satis- 
ficing behavior; (iii) Divergence of expected and actual 
normalized prices; (iv) Divergence of the subjective 
probability distribution of the normalized prices from 
the objective distribution of normalized prices; (v) The 
elements of k* may be interpreted as the first-order coef- 
ficients of a Taylor’s series expansion of arbitrary deci- 
sion rules of the type (cver) 
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From the actual supply and demand func- 
tions, we can obtain the actual UOP profit 
function, 


(6) merir 


j=l 


= 4s(Geeey ass 2) + È 
tl 


(1 — ki) 8G(kict/ At: a 
ki Oct , 


4 7 


t= 1,2;j=1,..., m 


Note that even if there exists no difference in 
technical efficiency (i.e., the A‘), there may 
be more than one set of k?s that correspond 
to the same actual VOP profit function. 

It should be emphasized at this point that 
X;, V°, and If as given in (4), (5), and (6) 
are the actual quantities of inputs demanded, 
output supplied, and UOP profits received by 
firm + given the firm-specific A* and the 
firm- and input-specific ki. When appropriate 
functional forms are specified for G in equa- 
tion (3), then equations (4)-(6) may be de- 
rived and estimated. Note that because of 
the profit identity only (m-+1) of the (m-+-2) 
equations in (4), (5), and (6) are inde- 
pendent. Hence only (m-+1) of the functions 
need De estimated. 

Observe that: (i) 01I,/dA‘>0, i.e., actual 
profit always increases with the level of tech- 
nical efficiency for given normalized input 
prices and $f; (ii) When kj=1 for j=1, 
..., Mm, the firm is a true profit maximizer; 
(iii) If, and only if, Al=A?® and ki=k? the 
actual UOP profit functions and the demand 
functions of the two firms coincide with each 
other. From these observations a number of 
tests for relative economic efficiency become 
possible. 

First, one can test the null hypothesis of 
equal relative economic efficiency. This hy- 
pothesis is equivalent to testing whether 


OF i, , À 
axt = File), z= l; 2, 
where £#(0) =0 and f7 (c) 20. A wide class of decision 
` rules may be encompassed under this formulation. 
7 For a more detailed discussion of these derivations, 
see our 1971 article. 
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there exists siznificant differences between 
the profit functions. Such a test has been 
carried out in dur 1971 article, in which the 
hypothesis of equal relative economic effi- 
ciency is rejected. 

Second, it is possible to test separately the 
hypotheses of equal technical efficiency, i.e., 
Ai=A?*, and of equal price efficiency, i.e., 
ki=?, or both Note that one can have equal 
relative economic efficiency without neces- 
sarily having oth A= A? and k!=k?. Fi- 
nally, one can compute A‘ and & explicitly 
to isolate the sources of differences in eco- 
nomic efficiency. These are the specific tasks 
of this paper. 


II. The. Formulation of the 
Cobb-Douglas Case 


A Cobb-Dovglas production function with 
decreasing returns in the m variable inputs 
and with » fixed inputs is given by? 


V= ATL xi IZ; 


jel j=l 
where 
m 
w= Dias<l 
jel 


The UOP profit function for this Cobb- 
Douglas production function is 


Wm = ATI — p) 


m. C; cej (ieu) 
m . (TI (=) ) 
joa \aj/ 


(sa) 
a 


j=l 


By direct computation, the actual UOP 
profit functior for this Cobb-Douglas pro- 
duction function for firm 7, with efficiency 
parameters A‘ and &' is 


i i. k i 
N, = A (1-È ae) 


— L 


t m 2 Fad — j M wit i omy 
(hay) (fra) 


s jet Jeol 


8 The value of <1 is required since constant or in- 
créasing returns ir the variable inputs are inconsistent 
with profit maxim-zation. 


o~ 
r 
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(Ie i, ~a, (1—p) p 


( II zi a i= 1,2 
isi 
or 
@) m= a| || en" | 

hele = i 
where la 


ao a:/t;) 


j=l 


( fe ay”) 


gel 
m (te —İ 
(D° Š ) i = 41,2 
pue 
i Z i | 
0) ke (1 => ai/¥3)(A i 
jel 
TSE 
a; =—a(1—p») <0 
g=1,...,m 


x 


| : 
B; = 81 — u) >0 7=1,..., 27 


Similarly by direct computation the demand 
functions for variable inputs are given by 


yi _ gery i amn (2 > gi -aş (1—p) °) 


j=l 


(Ie (oa (1—)~ ) (IL i —aj Qp) `) 
(1 (zP ) 


j=1 


| 
pà 
a 
bo 
“Me t 


=1,...,™ 


—ł, i—-1,,4.—1 


(10) X;=— Axar (ki) (cı) (Rx) 


( I cy") ( I za) 


i= 1,2; L=1,...,m 


YOTOPOULOS AND LAU: RELATIVE ECONOMIC EFFICIENCY 217 


or, by substitution from equation (8) 
i 


i 
—cıXı i —l1 ki 


ay aE 7 Yat =ar 


i=1,2; l=1,...,m 


Equation (8) indicates that the actual 
UOP profit functions of the two firms differ 
by a constant factor, which is a function of 
ki and A‘. In addition, from equation (11) 
all the demand functions differ across firms 
by constant factors. The basic estimating 
equations for this study are (8) after taking 
natural logarithms, and (11). 

The first hypothesis we can investigate 
within our framework is that of equal rela- 
tive economic efficiency. This implies that 


(12) Ao A 


or that Ix (A1/A2)=0. Note that it is pos- 
sible for two firms to be equally economic- 
efficient without being equally technical- 
efficient or equally price-eficient or both. We 
note, moreover, that if, and only if, A1= A? 
and k'=k?, then Al= A} and aj = a7”, 1=1, 
..., mand the two functions I} and IŻ (or 
in I} and In HÊ) should be identical. This 
implies the following linear relations: 


(13) (@) Ap = Ay and 


#1 #2 
(ii) az = ay, 


We can therefore test for the two components 
of economic efficiency, i.e., for equal relative 
technical and price efficiency by testing statis- 
tically the joint hypotheses in (13). Further- 
more, we observe that if, and only if, k! = k?, 
then 


Gi: wr Sa, Telah 


Hence a test of equal relative price efficiency 
(but not equal economic efficiency) consists 
of testing the joint hypotheses in (14). 

In our model we may also investigate the 
absolute price efficiency hypothesis, i.e., 
whether one or both firms have maximized - 
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profits subject to‘given prices. Observe that 
perfect profit maximization in the ith firm 
or group of firms implies 


(15) Obsesi F=1,...,m and 
(ii) ke = 1 
From (15) it follows that 


(16) af =a, %F=1,...,m 


This furnishes a necessary and sufficient sta- 
tistical test of the hypothesis of profit max- 
imization.? 

Next we turn our attention to the question 
of the degree of returns to scale. For the case 
of a Cobb-Douglas profit function, the neces- 
sary and sufficient condition for homogenity 
of degree & of the underlying production 
function is 1° 


(kR-1) mw 12, 
a ee 
k ja R jal 


or alternatively, 


ee er enh Dee 


° To see that (16) implies (15), and hence is a neces- 
sary and sufficient condition for profit maximization for 
firm 7, just observe that (16) implies 


tol tt 


ki kx 


which in turn implies that 


=1, J=1,...,m 


kr =ky , if =1, m 
Hence 
ky = ky 
(1- b> ai) 
(1 oes 2 a; 
jul 
which leads to 
komt) l=1,... m 


Equation (16) therefore furnishes a strong statistical 
test of the hypothesis of profit maximization. 

0 This result is derived in Lau (1972) and Lau and 
Yotopoulos (1972), | 
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Note that ae , a7 <0 by the monotonic- 
ity conditions on the profit function. Hence, 
if k>1 (increasing returns), pe BF> 1. If 
k= 1 (constant returns), Sa BF=1.TER<1 
(decreasing returns), > 7.1 BF <1. A test of 
the hypothesis of constant returns in all in- 
puis in the Cobb-Douglas case then becomes 
a test of the hypothesis >\7.1 6f=1, where 
6; are the elasticities of the profit function 
with respect to the fixed factors of produc- 
tion. We shall test this hypothesis in our ap- 
plicaticn. 

Finaly, based on the definitional identi- 
ties in equations (9) and (11) and the esti- 
mates of In A}, aj, 67, and aœ, one can com- 
pute tke values of A‘ and the kt, as well as 
the direct production elasticities of the in- 
puts a; and 8). 


lil. Empirical Analysis 


In this section we use the same data as 
used in our 1971 article from the Studies in 
the Economics of Farm Management (The 
Studies) of the Indian Ministry of Food and 
Agriculture to estimate jointly the UOP 
profit function and the labor demand func- 
tion conditional on the given quantities of 
cultivazle land and fixed capital.!! 

The profit function (8) and the labor de- 
mand function (11) may be written 


(17) Wel, = in As +8,D, + aglnw 
+6, n,K +p: in T 


L 
=a; Dı +a Ds 


& 


(18) 





where II, is actual UOP profit (total revenue 
less total variable cost, divided by the price 
of output), w is normalized wage rate, K is 
interest on fixed capital, T is cultivable land, 
ôL=ln (A%/A$), and Dz and Dg are dummy 
variabl2s taking the value of one for large 
and small farms, respectively, and zero other- 
wise. Large farms are defined as those with 
cultivable land greater than ten acres per 
farm. A maintained hypothesis is that the 
produczion function is identical on large and 


A description of the data is available in sur 1971 
article. We shall not repeat it here. 
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small farms up to a neutral efficiency param- 
eter. This implies that the coefficients cor- 
responding to in w, in K, and In T are identi- 
cal for large and small farms. A problem 
arises at this point. Our formulation of. the 
UOP profit and labor demand functions is 
in terms of normalized prices. However, in 
our empirical application normalized prices 
are not available since the data on prices of 
output are rather poor. Fortunately, we note 
that (17) may be rewritten 


= In Ax + 62D, + a1 nw’ — a1 In 


* Æ 


or 
In IX = In A; + èz Dz + (1 — a) ln p 


tarihe bbiak mT 


where II’ is actual money profit in rupees, w’ 
is the money wage rate in rupees per day, and 
p 1s the price of the output in rupees. If the 
prices of outputs differ only across states, 
then one can insert state dummy variables to 
capture the effect of differences due to 
(1—af) ln p. This also allows interstate dif- 
ferences in the technical efficiency param- 
eters. Observe that (18) holds independently 
of the price of output 

wL wL 

ER aa SORT Rae ay Dr F ar Ds 
Ia TY’ 


Hence our final estimating equations consist 
of 


8 $ : * 
ln YT = ln Ax -+ ôD; + 2 6;D; 
(19) r- ey 


tamo tpilak 
+ B2lnT 


and 
wL *L *S l 
(20) = =a, Dr + ai Ds 


where II’ is farm profit in rupees and w’ is 
money wage rate. 
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A remark about the stochastic specifica- 
tion of the model is appropriate at this point. 
Not much is known about how disturbance 
terms in general should be introduced into 
economic relationships although Irving Hoch 
(1955, 1958) and Mundlak and Hoch and sub- 
sequently Arnold Zellner, Jan Kmenta and 
Jacques Dréze have proposed one possible 
assumption that is workable in the Cobb- 
Douglas case. Here we follow the usual, and 
admittedly ad koc practice of assuming an 
additive error with: zero expectation and 
finite variance for each of the equations (19) 
and (20). For the same farm, the covariance 
of the errors of the two equations is permitted 
to be nonzero. However, the covariances of 
the errors of either equation corresponding to 
different farms are assumed to be identically 
zero. 

Given this specification of errors, it is im- 
mediately apparent that Zellner’s method 
provides an asymptotically efficient method 
of estimation. Moreover, the efficiency of 
estimation can be increased by imposing 
known constraints on the coefficients in the 
equations. l 

Six statistical hypotheses are tested suc- 
cessively on the data. The results of these 
tests are reported in Table 1. They are: 


(i) Equal Relative Economic Efficiency 


Hasr = 0 


ie, Ak=A$ or In (A2/A$)=0. This hy- 
pothesis is rejected at the 10 percent signifi- 
cance level. Hence we conclude that small 
farms are relatively more economic-efficient 
than large farms. 


(ii) Equal Relative Price Efficiency 


* I +S 
Hai = ay 


This is not rejected at the 10 percert level. 
Hence we conclude that small and large 


2 Marc Nerlove, in his pioneering study of cost fanc- 
tions, derives an additive error to the natural logarithm 
of the cost function. We can do the same here for our 
profit function, using the same assumptions as his. The 
additive error in the second equation may arise from 
different abilities to maximize profits or divergence be- 
tween expected and realized prices. 
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TABLE 1—-STATISTICAL Hyrotueses TESTED 


Maintained Tested Hypothesis 
Hypothesis Hy 
* 
i) 6, =0 
*Z *S 
it) a, = i 
bz, = 0 
iii) «x *S 
a1 = ay 
*L KS $ xS * 
a; =a; iv) a. ay, 
XL *S *¥L * 
ay = a1 v} ay = oy 
*L Ok 
= at + 
&ı =a = 
eon vi) 61 + 82 = 1 
ae, =a 


Note: For definition of variable see Table 2. 


Source: Table 2. 


farms do not have different price-efficiency 
parameters, kj, i.e., they both succeed to the 
same degree in maximizing profits. 


(iii) Equal Relative Technical and Price Eff- 
ciency 


+ g 
Hisz m 0 
XL *5 
Qi = QI 


This hypothesis is rejected. This actually can 
be anticipated in view of the rejection of hy- 
phothesis (i). 


(iv) Absolute Price Efficiency of Small Farms 


xS. * 
Ho: &r = al 


Maintaining the hypothesis of equal price 
efficiency in (ii), we test for absolute price 
efficiency of small farms. This hypothesis is 
not rejected at the 10 percent level, implying 
that the small farms have maximized profits, 
i.e., Rp =1. 


(v) Absolute Price Efficiency of Large Farms 


As: ae = n 
Also maintaining the hypothesis of equal 
relative price efficiency of (ii) we test for the 
absolute price efficiency of large farms. This 


Computed F Critical Fo.19 
F(1, 57) = 2.96 F(1, 57) = 2.79 
F(1, 57) = 1.93 F(1, 57) = 2.79 
F(2, 57) = 4.19 F(2, 57) = 2.39 
F(1, 58) = C.09 F(1, 58) = 2.79 
F(1, 58) = C.09 F(1, 58) = 2.79 
F(A, 59) = 2.01 F(1, 59) = 2.79 
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hypothesis also cannot be rejected at the 10 
percent level. This means that large farms 
have also maximized profits, Le. k? = 1, One 
could have expected this finding from the re- 
sults of (ii) and (iv). 


(vi) Constant Returns to Scale 
* 
Hpi +B. = 1 


Maintaining the hypotheses (iv) and (v) we 
test for constant returns to scale to all fac- - 
tors ol production. Again, this hypothesis 
cannot be rejected.” 

Once a hypothesis is not rejected, we pro- 
ceed to obtain estimates of parameters in- 
corporating the hypothesis. The estimation 
results are tabulated in Table 2. As pre- 
dicted by economic theory, the profit func- 
tion is decreasing and convex in wage rate, 
and increasing in land. The wrong sign of the 
coefficient of capital can be attributed to a 
misspecification of this variable. Defining 
capital as interest charges on fixed assets per 
farm involves the implicit assumption that 
the service flow of capital, which is the ap- 
propriate input in production analysis, is 
proportional to the capital stock. As shown 


3 At this point compare the discussion of A. M. 
Khusro. 
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TABLE 2—JOINT ESTIMATION or COBB-DOUGLAS PROFIT FUNCTION AND LABOR DEMAND FUNCTION 


Single Zellners Method with Restrictions 
Equation 1 Restriction 2 Restrictions 3 Restrictions 
Ordinary a =a 
Least a =a BirtB=1 
Parameter Squares Unrestricted ose aS S= a= of 
UOP Profit Function 
ln AS 4.582 4,132 4.203 4,267 4,576 
(.470) (.413) (.416) (.289) (. 202) 
ay, — 567 — .416 — 509 — .496 — 318 
(.217) (. 200) (. 192) (. 186) (. 148) 
õi 1.614 .991 1.208 .975 1.151 
(.471) (.412) (.416) (.399) (, 388) 
8: — 1.359 — 654 — 696 — .905 — , 596 
(1.093) (.955) (.964) (.568) (.535) 
85 — 588 — .17 — , 200 — .259 — 260 
(.416) (.364) (.367) (. 224) (.229) 
54 296 .23 243 124 375 
{.613) (.536) (.541) (. 447) (.419) 
ay —2,141 —.9 — 977 —1.140 — 1.097 
(1.029) {.900) (.908) (.373) (.374) 
By — ,588 — 32 ~ 339 — .308 — .459 
(,235) (.206) (.207) (202) (.175) 
Bs 1.797 1.479 1.498 1.467 1.459 
(. 200} (.175) (. 176) (. 170) (. 175) 
Labor Demand Function 
— 661 — 661 — 1,209 —1.1 — Í, 
a” (. 549) (. 549) (,412) (.373) (.374) 
— 1.826 — 1.826 ~ 1,209 —1.140 — Í, 
any (. 582) (. 582) (.412) (.373) (.374) 


Notes: Numbers in parentheses are asymptotic standard errors. The estimating equations are 


P} 4 "+4 
nll “ind tD FS Dita ine + Bink teen T 
dam) i 


? 
wh xp *S 
ae = a; Dr +a; Dg 


where 


I’ =profit including interest on fixed capital and land rent 


w = money wage rate 


Dy,=a size dummy variable taking the value of one for farms with a physical area greater than ten acres and 


zero otherwise 


Dg=a size dummy variable taking the value of one for farms with a physical area less than ten acres and zero 


otherwise. 


D;=regional dummy variable with Di, D2, Dz, D, taking the value of one for only West Bengal, Madras, Madhya 


Pradesh and Uttar Pradesh, respectively. 
L=labor in days per year per farm 
K =interest on fixed capital per farm 
T =cultivable land in acres per farm 


Source: The Studies, Delhi, 1957-62. Reports for the year 1955-1965: Madras, Punjab, Uttar Pradesh, West Bengal; 


Report for the year 1956-1957: Madhya Pradesh. 


elsewhere (Yotopoulos (1967a, b)), this mea- 
sure of capital leads to biased coefficients. 
From our estimated parameters, we can 
compute, by (9) and (11), indirect estimates 
of the production elasticities of labor, capital 
and land as well as those of the technical- 
efficiency and price-efficiency parameters of 


the large and small farms. These are tabu- 
lated in Table 3. We note that the produc- 
tion elasticities thus estimated appear gen- 
erally large by comparison with estimates of 
directly fitted Cobb-Douglas agricultural 
production functions reported in other stud- 
ies. The obvious reason for this discrepancy 
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TABLE 3-——INDIRECT ESTIMATES OF THE IxPUT ELASTICITIES OF THE 
PRODUCTION FUNCTION AND THE EFFICIENCY PARAMETEES® 


1 Restriction 2 Restrictions 3 Restrictions 


Parameter 
Labor ay 
Capital £ı 
Land Be 
Sum of Elasticities (a1 + 81 + 82) 
L 


Large Farms r 
ki 


8 
Small Farms g 
ky 


* x 

ay =a 

Lx xS å x 

ai at ay = OY 
ar = ae an ee Bı +82 = 
494 .533 .523 
— 172 — [44 — 219 
-758 . 686 .696 
1.080 1.075 1,000 
14.421 11.612 15.228 
0.903 1.900 1.000 
18.658 14.639 17.723 
0.903 1.000 1.000 


Note: For definition of variables, see Table 2. 
a The indirect estimates of the coefficients of the prcduction function are computed 
from the identities in (9). The efficiency parameters are computed from (9) and (11). 


is the constraint of constant returns to scale 
combined with the negative coefficient of 
capital.'4 Conceptually, however, the indi- 
rect estimates of production coefficients are 
statistically consistent, as opposed to those 
obtained directly from the production func- 
tion by ordinary least squares, which are in 
general inconsistent because of the existence 
of simultaneous equations bias. By examin- 
ing the technical efficiency component for 
small and large farms in Table 3 we find that 
the former are approximately 20 percent 
more efficient than the latter. 


IV. Summary and Conclusions 


An operational model to measure sepa- 
rately relative technical efficiency and price 
efficiency between (groups of) firms has been 
developed and applied to Indian agriculture. 
Needless to say, the usefulness of the ap- 
proach here is not restricted to agriculture; 


neither is it specific for comparing large and 


small farms. 
The conclusion of the test of relative eco- 
nomic efficiency is in favor of the small 


“4 The negative coefficient of capital has also appeared 
in other application with the same data. See Lau and 
Yotopoulos (1971) and Yotopoulos, Lau, and K. Somel. 


farms, i.e., farms of less than ten acres, in 
agreement with our previous result in our 
1971 article. Given the fixed inputs (land and 
fixec capital), and within the ranges of the 
observed prices of output and variable inputs 
(labor), the small farms of the sample of The 
Studies have higher actual profits. The rela- 
tive economic efficiency of the small farms, 
however, is not due to superior price efh- 
ciency. In fact, we have found that both 
large and small farms are price-efficient.” It 
may, afzer all, be true that the marginal cal- 
culations which the market place requires of 
the farmer are relatively easy to make. More 
importantly, we have established the supe- 
rior technical efficiency of the small farms. 
We heve also found that there exist constant 
returns to scale in Indian agriculture. Hence 
one cannot argue for a consolidation of small 
farms on the grounds of economies of scale. 
These findings imply that in agriculture 
the direct supervisory and leadership role of 


16 This finding is inconsistent with Amartya Sen’s 
(1964, 1956) hypothesis that large farms maximize 
profits while small farms maximize utility. 

6 One possible explanation that has been advanced is 
an inverse proportional relationship between farm size 
and intrinsic fertility. 
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the owner-manager may be crucial for at- 
taining high levels of economic efficiency. 
More studies are needed to further explain 
the so-called ‘‘unmeasureable factors” which 
apparently cause the difference in technical 
efficiency. 
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Welfare-Maximizing Price and Output with 
Stochastic Demand: Comment 


By MICHAEL L. VIsscHER™ 


In their model of a public utility firm which 
faces constant returns to scale and stochastic 
demand, Gardner Brown, Jr. and M. Bruce 
Johnson argued that “. .. the optimal price 
will always be lower and, with linear demand, 
the optimal output will generally be higher 
than their counterparts in the riskless model 
of traditional theory, regardless of the man- 
ner in which the disturbance term enters the 
analysis” (p. 119). Although their formal 
analysis is faultless, they are in error in at- 
tributing primary responsibility for their 
conclusions to the random element in the 
demand schedule. Their results can be shown 
to depend instead on their assumption of an 
unrealistic rationing system; when quantity 
demanded at the predetermined price ex- 
ceeds capacity, they assume that available 
output will be allocated to those with the 
highest demand prices. Hence, the Brown 
and Johnson (B-J) approach assumes away 
the unique role of a market-clearing price in 
achieving an efficient rationing of the avail- 
able product. It is the purpose of this note to 
show that if alternative assumptions are 
made concerning the way in which output is 
allocated when excess demand exists, differ- 
ent conclusions are reached about the nature 
of weltare-maximizing price and investment 
rules when demand is stochastic. 


I. The Brown and Johnson Model 


In one of the B-J models, a random dis- 
turbance term enters the demand function 
additively: D= X(P)-+4, where D is actual 
quantity demanded, P is price, and w is a 
random variable which is distributed sym- 
metrically about zero with continuous prob- 
ability density function f(u) and cumulative 
probability function F(u). The public utility 
firm has the long-run cost function C(Q) 


* Graduate student, University of Virginia. This 
paper has benefited significantly from the comments of 
Roger Sherman and an anonymous referee. Remaining 
errors are my own. 
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= (b-+8)Q, where Qis quantity produced, b is 
marginel operating cost, 6 is marginal capa- 
city cost, and both b and £ are constant. Be- 
fore tne actual value of u is known, the firm 
must ckoose a price P and a capacity Z to 
maximize a welfare function equal to expected 
consumers’ surplus: W = (willingness to 
pay) — E(average variable cost - sales) — E(ca- 
pacity cost). 

In order for the B-J model to be appropri- 
ate, the producer must be able to distinguish 
costlessly between claimants (i.e., all those 
willing to pay P) and serve only those with 
the xizhest willingness to pay. Assuming this 
rationing procedure is possible, differentiat- 
ing W with respect to the two choice vari- 
ables, P and Z, yields marginal conditions 


ae PX'(P)F[Z — X(P)| 
(1) aP 
— bX'(P)F[Z — X(P)] = 0 


(2) 
[X-Z — u) — bldu — B = 0 


From these conditions, Brown and Johnson 
conclude that the optimal price is 6 and that 
optimal capacity is greater than X(6+8), 
the cptimal capacity in a model of riskless 
deterministic Gemand.! 

The B-J conclusion must, however, be 
qualified because (a) the optimal values of 
price and capacity depend critically upon 
which claimants are actually served, and (b) 
in the absence of a market-clearing price, the 
B-J rationing procedure simply is unavail- 
able to the producer. When other assump- 
tions are made about who is served, different 
solutions follow. Two alternative rationing 
procedures will be discussed. 


1 See Oliver Williamson, p. 812, for development of 
the riskl=ss model. 
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II. Serving First Those with the Lowest 
Willingness to Pay 

` The B-J assumption can be depicted 
graphically in Figure 1. When a value of the 
error term, # is sufficiently high to result in 
excess demand at the previously chosen 
values of P and Z, available output is sold 
only to those claimants with the highest 
willingness to pay. Then the sum of con- 
sumers’ surplus and total revenue is repre- 
sented by the area ABZO in Figure 1. 

Suppose instead that service is offered 
first to those claimants with the least willing- 
ness to pay. Such an assumption may be 
relevant if, for instance, distribution is on a 
first-come, first-served basis, and those with 
the lowest opportunity costs on their time 
(and therefore most willing to pay by wait- 
ing) are also those with the lowest demand 
prices. Then the sum of consumers’ surplus 
and total revenue in times of excess demand 
could be depicted as area BCDE in Figure 2. 

Analysis of this model can proceed in a 
manner similar to that of Brown and John- 
son. The objective function will remain: 
W = E(willingness to pay) — E(average vari- 
able costs:sales)—-#(capacity cost). If de- 
mand always could be satisfied, E(willing- 
ness to pay) would be the expected value of 
all possible values of consumers’ surplus 
plus total revenue at the price chosen. But 
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FIGURE 2 


at some values of u, the demand cannot be 
satisfied. Such a value of u is depicted by the 
position of the demand function in Figures 1 
and 2. If this high value of u manifests itself 
and those with the lowest willingness to pay 
are served first, (Li+ L2) in Figure 2 must be 
subtracted from area ACDO to arrive at 
total willingness to pay. The expected value 
of (Li+ £2) in Figure 2 is: 


oo 


@) Bi+t)=[ "fw 


Z—X (P) 


x ew 
if [X(P) + u]dP 
Xo ES EERTE 


+ [X-"(—u) — X-"(Z — u) + P] 


([X(P) + u — zl du 


+ 


On subtracting this expected value, the 
welfare function becomes that shown in 
equation (4). (See following page.) 

To maximize this objective function, we 
differentiate with respect to the two choice 
variables and set each differentiation equal 
to zero as shown in equations (5) and (6). 
Adding these two equations yields P=)+8. 
Thus, in a model in which available output 
is rationed to those claimants with the small- 
est demand prices, optimal price is equal to 
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long-run marginal cost just as in traditional 
riskless theory, and not short-run marginal 
cost as required under the rationing assump- 
tion made by Brown and Johnson. 

Optimal capacity choice in the Figure 2 
model is likewise different from that in the 
B-J model. Smaller values of Z (smaller 
even than riskless Z) are possible.? 

If, when evaluated at 


P=b+6 
and Z=X(b+-8), 


dW/dZ is negative, then optimal capacity 
is less than X(b+ 8), for then increments 
to capacity at that output decrease the 
objective function. Yet if Z can be less 
than X(6+8), it can surely be less 
Brown and Johnson Z, for that could never be 
less than X(b-++8). From equation (7), we can 
assert that optimal capacities less than those 
of the riskless model are indeed feasible.’ 


? In general, Brown and Johnson’s conjecture, p. 123, 
fn. 8, on this point does not appear to hold. 

3 The same is true for a profit-maximizing monopolist 
under risk. See Edwin Mills, p. 93. 
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X(—#) is the price intercept of the ob- 
served demand function, and X~1(X (b+ )—w) 
is the price that would just clear the market 
for the observed value of u (Figure 3). There- 
fore, if demand is linear, 


ow 


OZ | Paip 
Z=a¥ (b+-B) 


tends to decrease, ceteris paribus, if: 

a) the demand function becomes more 
elastic at P=6-+ 8 (for then the sum of the 
first tw> terms in (7) is less), 

b} the short-run marginal cost, b, in- 
creases {for then the second term in (7) is 
less), cr 

c) the marginal capacity cosi, 8, in- 
creases ‘for then the last term in (7) is less). 
It is conceivable that any of these events 
migh: Ee sufficient to make optimal Z less 
than X(6+ 8). 

These solutions for P and Z can be 
squared with intuition. The penalty for 
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excess demand is that those with the highest 
willingness to pay will be denied service. To 
avoid this penalty, excess demand could be 
made less frequent by increasing both price 
and capacity. But at any given price, addi- 
tions to capacity will be used to satisfy 
those who value the good relatively little. 
So, if the linear demand curve is sufficiently 
elastic at the higher price, or if either b or 8 
are sufficiently high, then those that would 
benefit from additional capacity do not 
value the good enough to warrant the out- 
lays extra capacity would entail. Output 
should then be restricted. Excess demand is 
made more frequent, but consumer surplus 
is conserved; those who are turned away 
value the service little relative to the cost of 
production. 


III. Random Rationing of Available Capacity 


Perhaps a more tenable assumption than 
either Brown and Johnson’s or “‘least-valued 
served-first” is that order of service and 
willingness to pay are completely uncorre- 
lated. If X (P) +01 units are demanded at P 
and only Z<X(P)+ are available, let 
those Z units be distributed randomly 
among those claimants willing to pay P. The 
expected value of the willingness to pay in 
periods of excess demand would then be 
Z/{X(P) +4] of that which would be realized 
if the entire quantity-demanded could be 
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met at the price P. Therefore, we can calcu- 
late E(willingness to pay) by subtracting 
E(1,+J2) from the expected value of area 
AEDO (Figure 4) for those values of u large 
enough to cause excess demand at the P and 
Z chosen. Since E(£1+ Lo) is given in equa- 
tion (8), our objective function is equation 
(9). Maximizing the objective function with 
respect to P and Z, we obtain equations (10) 
and (11). The third term on the righi-hand 
side of equation (11) is the expected value of 
area AEP divided by length PE (Figure 4) 
for all (P, Z, u) combinations where excess 
demand occurs. The fourth term on the 
right-hand side is the expected value of area 
ABP divided by length PE for (P, Z, w) com- ' 
binations where excess demand occurs. This 
term must be less than the third term be- 
cause realized consumers’ surplus in times of 
excess demand is always less than that had 
all demand been met. Thus, we have 
b<P<b+8. 

Here, too, optimal Z can be less than that 
which was optimal in the B-J and riskless 
models. Let P=b-+a8, where 0<a<1, and 
Z=X(b+ 8) in OW/dZ. If dW /dZ evaluated 
at that P and Z can be less than zero, op- 
timal capacity can lie below X (6+-8), the 
riskless optimal capacity. See equation (12), 
page 228. 
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If X(P) is linear (as Brown and Johnson 
also assume), then dW/dZ is given by, equa- 
tion (13), page 228. The value of oW/dZ 
may be less than zero, as in the case of the 
“least-valued served-first” model, and is 
more likely to be negative the more elastic 
is the demand function at P, the larger is £, 
and the larger is 6, ceteris paribus. 


IV. Conclusion 


Were all transactions costless, we would 
not need to concern ourselves for the sake 
of efficiency with the manner in which the 
producer allocates service among potential 
claimants when excess demand exists. An 
implicit market-clearing price is then estab- 
lished regardless of the price set by the 
producer because of the possibility of trades 
among claimants. For instance, if the 
producer chose the B-J price of b, those con- 
sumers with the highest demand prices would 
bid away service from tnose with the lowest 
demand prices by offering appropriate side 
payments. The result would be efficient (in 
the static sense) since only those with the 
highest willingness to pay would be served. 
But such transactions are prohibitively 
costly, so when demand is uncertain and 
more service may be demanded than can be 
supplied at the announced price, the op- 
timal values of price and capacity will de- 
pend on how available capacity is initially 
rationed. 

The relation between the rationing as- 
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sumption which governs who is served and 
the optimal values of price and capacity can 
be summarized in the following table: 


Model Price Capacity 
Riskless (Deterministic) Demand b+8 X (3+) 
Highest Demand Prices Served b >X(b+8) 
First (B-J) 
Lowest Demand Prices Served b+, XO+8) 
First depending on cost 
and cemand 
parameters 
Capacity Distributed Randomly b+af8 Xb +8) 
Among All Willing to Buyat O<a<i depending on cost 
and demand 
parameters 


For the B-J results to hold, the producer 
must insure that only those with the highest 
willingness to pay areserved, But, except by 
price, no feasible means of distinguishing 
among claimants exists. Consequently, op- 
timal capacity will be different from that 
defined by Brown and Johnson, and optimal 
price will be nearer to that of the riskless 
model. 
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Welfare-Maximizing Price and Output with 
Stochastic Demar.d: Reply 


By GARDNER Brown, JR. AND M BRUCE JoHNsoNn* 


We concluded in our 1969 article that 
when a public monopoly must choose both 
price and capacity output before it knows 
the position of the stochastic demand curve, 
optimal price should equal short-run mar- 


ginal cost and optimal capacity output - 


should, in general, exceed riskless capacity 
output. Michael Visscher claims our resu!ts 
depend on an unrealistic rationing system. 
He proposes two alternative rationing 
schemes: distribution of the product to 
those customers with the lowest (rather 
than the highest) willingness to pay, or dis- 
tribution’ to customers on a random basis 
without regard for willingness to pay. His 
intuition is correct; different assumptions 
lead tc different conclusions. 

Our analysis supressed the costs of iden- 
tifying those customers with the highest 
willingness to pay. Visscher challenges this 
assumption but de facto adopts it. himself 
when he supposes that the product is of- 
fered to those claimants with the least 
willingness to pay. He asserts that if dis- 
tribution is on a first-come, first-served basis 
and if consumers “with the lowest oppor- 
tunity costs on their time (and therefore 
most willing to pay by waiting) are also 
those with the lowest demand prices,” his 
rationing scheme is relevant. The second as- 
sertion is gratuitous. 

There are neither theoretical nor empirical 
grounds to support the view that willingness 
to pay is correlated with opportunity cost; 
even if one were willing to assume that the 
value of time is equal to the wage rate, the 
result would not follow. Moreover, in some 
cases the decision to consume the product 
requires commitment of a block of time to 
the activity before one knows whether or 

* Departments of economics, University of Washing- 
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not there will be excess demand. For ex- 
ampla, the decision to camp in a public park 
involves a trip to the park site. Once at the 
site the decision to enter a queue (if one 
exists) depends on one’s subjective disutility 
of quaing, not on the money wage rate one 
would have earned if one had remained at 
his jcb site. Consequently, if one is at the 
entrarce to the park, the opportunity cost 
of onz’s. time in productive activities prob- 
ably 5 zero. By implication, one cannot 
conclude that those customers with the 
lowest. opportunity cost are most likely to 
stand :r line for the product. 

In ary event, neither our model nor the 
neoclassical excludes the possibility that 
those Dotential consumers with the highest 
willingness to pay will hire other consumers 
with -ow opportunity cost to stand in line 
for them. More formally, a reservation or a 
right => use the product may be transferred 
among customers. The initial distribution of 
rights is irrelevant since free trade among 
the participants will redistribute the product 
to those customers with the highest willing- 
ness to pay. Visscher’s first model would be 
relevart as stated only if resale and transfer 
of righzs were prohibited by law or if high 
customer search and transfer costs existed. 

Acexeding to our model, optimum price 
equals short-run marginal cost b. Given that 
long-run marginal (and average cost) is 
b+, zae public monopoly will incur a loss. 
However, the public authority can recover 
its fixed cost by selling rights to use the Z* 
units oI capacity at a price of 8 each in a 
futures market. The operation will “break 
even” since (b+) Z* equals both receipts 
and expenditures. Speculators will purchase 
rights at the price of £ as long as the market 
includes one risk neutral trader or, in the 
vernacular of J. M. Keynes, pp. 142-44, if 
the futures market dces not exhibit normal 
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backwardation, i.e., if speculators do not 
demand a risk premium.! 

On the average, those customers who de- 
sire a product would be willing to pay: 


f FD[X- (Z — u) — b]du = 8 


~A (p) 


in the futures market and b per.unit at the 
time of delivery. On the average speculators 
as a group will receive 8 per unit. This 
futures market performs its classical func- 
tion: public authorities are able to hedge 
against risk and those individuals with a 
flair for risk management have the oppor- 
tunity to exercise their talents. Our explicit 
introduction of a futures market in the 
section titled “The Way Back,” shifted a 
portion of consumers’ surplus (a rectangle 
whose dimensions are 8 and Z*) from the 
consumers to the producer. Since the 
producer and consumer components have 
equal weight in our welfare function, our 
measure of welfare is unchanged by the in- 
troduction of futures markets. Furthermore, 
our welfare index will display a higher value 
than the index implicit in Visscher’s solution 
where the product is distributed randomly, 
or to those individuals with the lowest 
willingness to pay. 

On balance, Visscher’s contribution is a 
constructive one. Transactions and recon- 
tracting costs have been troublesome in neo- 
classical static price theory for some time. 
However, it is easier to note their existence 
and speculate on their importance than it is 
to specify the exact details of a “real time” 
distribution scheme in a systematic and 
rigorous way. That task remains to be done 
both in our model and in the neoclassical 
competitive model. 


1 Years ago some futures markets for inactively traded 


commodities did display normal backwardation (see 


Roger Gray), but contemporary evidence suggests that 
speculators in 25 of the major commodity futures 
markets are risk neutral (see Charles Rockwell, pp. 107, 
109). The profession remains divided on this issue (see 
Paul Cootner). 
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Erratum 


The conclusion of Section I-A, page 124 
of our 1969 article is correct: Z*> Z. How- 
ever, the argument is imperfect due to the 
omission of the coefficient 6 from equation 
(17). Add @ to the left-hand side of (17) 
and rearrange to give:* 


i He 
= — SE flu)du 
B — 
a79 


+ ° uf (2) an | 
BB 


But 


f sou = — f roaa 


since Efu] = 0 
Thus, 


1 p2 
ô = — p f(u) [BB — uldu 


after substitution 


The limits on the integral are such, chat 
— æ <u < BB where B<0 and 8>0 by con- 
struction. u < B8 implies [B8— u] >0. Hence 
the integral is positive and ô> 0. 
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Dependency Rates and Savings Rates: 
Further Comment 


By ARTHUR S. GOLDZERGER* 


The empirical results on dependency rates 
and savings rates reported by Nathaniel 
Leff (1969) cannot be correct. 

For several cross-country samples, Leff 
estimates pairs of equations of the form 


(1) - 


yı = ao + axı + a% + aX 


+ ax, + e 

(2) Ya = bo + bıxı + baxa + baxs 
+ baxa + e 

where 


yı=ln S/Y =ln domestic savings ratio 

y=ln S/N =ln per capita savings 

4,=ln Y/N =In per capita income 

x= g= growth rate of per capita income 

Xg=In Dı=ln percentage of population 

aged 14 or less 

x4=In D =ln percentage of population 

aged 65 or more, 
and a and b are least-squares regression co- 
efficients, and e, and e are least-squares resid- 
uals. 

As noted by Leff, S/N=(S/YXY/N). 
Consequently, yo= 1+. Least-squares re- 
gression being what it is, a proper com- 
putation of (2) should produce 


(3) Y: = ao + (i + a) xı + ax: + asis 
+ axa + e 


That is, regressing y2 on the x should give 
the same coefficients and the same residuals 
as occur when 4, is regressed on the x, except 
for the coefficient of xı, which should in- 
crease by exactly 1. 

Furthermore, if regression coefficients are 
guaranteed to be equal, their standard 
errors, and hence their /-ratios, must be 
equal. If regression coefficients are guar- 
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their standard 
hence their /- 


antee] to differ by unity, 
errors must be equal, and 
ratios must be related by 


b1/ $5, = (@1/5a,)((L + @1)/a1) 


But zae results Leff reports do not satisfy 
these a>:thmetic requirements. For example, 
consicer the upper panel of his Table 1, p. 
891, which refers to a sample of 47 under- 
develcped countries. In the present notation 
we fini: 


Explanetory variable 


j= 2 3 4 
Coefficients: 

a; 1292 0227 —1.2297 —.4455 

b; 1.1167 .0239 —1.3122 —.4469 
t-ratios: 

a;/sa; 1.8487 2.8079 2.7636 2.1554 

b/s; 16.8355 3.1204 2.9400 2.2783 


Someting must be wrong. 

For the same reasons, the empirical results 
reported by Kanhaya Gupta cannot be cor- 
rect. Gupta ats (1) and (2) to 3 subgroups 
of Lefi’s sample, using Leff’s data. His re- 
sults also fail to satisfy the arithmetic re- 
quirerzerts noted above. For example, con- 
sider t22 first panel of his Table 2, p. 470, 
which refers to 9 underdeveloped countries. 
In the Dresent notation we find: 


Explane-ory variable 


j= 1 2 3 4 
Coefficieats: 

a; 4548 1263 —.7685 —.6475 

b; 1.6112 .1209 —1.0487 —.5585 
t-ratios: 

ajf Sa; 3768 3737 1481 .9446 

b;/ St; 1.6008 4644 2424 .9770 


The discrepancies are somewhat more strik- 
ing in this subsample. 

Perhaps none of the discrepancies noted 
here is large enough to vitiate the substan- 
tive ana.vses of Leff and Gupta. But it is 
disturb:rg that figures, some of which are 
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) Í 
transparently wrong in the first decimal 
place, are reported to four decimal places. 

One’s first reaction is to attribute such 
discrepancies to computational inaccuracies. 
(Indeed, G. M. Mullet and T. W. Murray 
recently proposed fitting equation pairs 
like (1)-(2) to check the accuracy of com- 
puter programs.) But in the present case, 
the explanation lies elsewhere. The basic 
data constructed by Leff, and used by him 
and Gupta, were internally inconsistent. 
Scanning the series, which were kindly pro- 
vided to me by Leff, one finds that, country 
by country, there are substantial discrep- 
ancies between per capita savings and the 
product of the savings ratio times per capita 
income. For example, for the first two 
countries in the list, we find 


S/N S/Y Y/N  (S/YXY/M) 
43.7 .101 585 59.1 
20.6 .094 271 25.5 


Since y*yi tx, the argument which led 
us to (3) loses its force. But it’s difficult to 
see how an economic analysis of the rela- 
tionship between savings rates and depen- 
dency rates can be based on data which are 
so internally inconsistent. 
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Dependency Rates and Savings Rates: 


Reply 


By NATHANIEL H. LEFr* 


` Arthur Goldberger’s comment is a tempest 
in a teacup. This is readily verified from the 
data presented in Table 1. This table re- 
produces from my original paper the coef- 
ficients for paired equations estimated with 
three different samples in which x S/N and 
in S/Y were the dependent variables. 

As the data of Table 1 indicate, in 7 of the 
12 cases, the coefficients are identical 
through the second decimal place. Further- 
more, all the discrepancies are quantita- 
tively very small. In 9 cases, the paired 
parameter estimates are within Í percent 
of each other. In the remaining cases, the 
differences are of the magnitude of .0825, 
0012, and .0011. These are well within the 
margins of accuracy within which anyone 
views data generated from the national in- 
come accounts of the less developed coun- 
tries. In light of these considerations, it is 
difficult to understand the tone of Gold- 
berger’s comment. 

The reason for the slight discrepancies is 
straightforward. My observations for S/N 
and S/Y were computed separately from 
data supplied by the Statistical Office of the 
Agency for International Development. With 


* Associate professor, Graduate School of Business, 
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the rounding introduced by the series for W 
and F, 1: is not surprising that the series for 
S/N is not identically equal to the series 
which would be obtained by forming S/N 
from the product of Y/N and S/Y. Similar 
slight discrepancies have also been reported 
in other econometric work in which equations 
for S/ and S/Y have been estimated with 
separately computed data series. ! 

In arv case, nowhere in my paper did I 
even refer to the precise numerical parameter 
estimates obtained inmy equations. The main 
conclusions of the paper were that the de- 
pendency variables were quantitatively an 
important determinant of international sav- 
ings rat2s, and, further, that introduction of 
these variables greatly reduced the im- 
portanc2 of percapita income, on which 
some previous discussions had focused. 
Neither of these conclusions is affected by 
Goldberger’s comment. 
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TABLE 1—-PAIRWISE COMPARISON OF PARAMETER ESTIMATES 





Sample an be a7 bz a= by 
74 Countries .1596 1.1486 | .0254 .0265 | —1.3520 —1.3438 | —.3990 —.3966 
47 Underdeveloped Countries .1292 1.1167 | .0227 .0239 | —1.2297  —1.3122 | —.4455 — .4469 
20 Western Developed Countries | .0035 1.0049 | .2589 .2591 | —.4324 --.4300 | —.4916 —.4914 


Source: Data presented on pp. 889-891 of my 1969 article. 
Note: The constants of equations (1) and (2) differ by approximately 4.6 (equal the antilog of 100). This shift by 
a factor of 100 occurs because, as stated on p. 888 of my paper, S/Y is expressed in percentage points. 
Equation (1): In S/Y =ap+a, In Y/N +a, In gto; In Dita In D 
Equation (2): ln S/N=bo-+h In Y/N -+b ln gts In Dit-b, In D: 
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Behavior of the Firm Under 
Regulatory Constraint: Clarifications 


By Mouamep EL-HODIRI AND AKIRA TAKAYAMA* 


In the note by Israel Pressman and 
Arthur Carol (P-C) relating to Takayama’s 
paper (T) on the Averch-Johnson effect 
(A-J), it seems useful to clarify the following 
points. 


I. The Shift of the Curve 


The major point of criticism on A-J by 
T, is that (A-J) ‘... involves an error of 
confirming the movements along the curve 
with the shift of the curve” (T, p. 257). This 
point seems to be obvious from Figure 1 in 
T, p. 258, but it looks like P-C has a serious 
objection to this (see p. 211). Mathema- 
tically the point of T is even simpler. Con- 
sider a continuous real-valued function de- 
fined on the nonnegative orthant of R?, 
f(%1, %2). Suppose one of the variables (say 
xı) is fixed as a, and ¢ is defined by 


(x2) = f(a, x2) 


The value of ¢ can be plotted against x. 
Then the marginal-revenue-product-of-cap- 
ital curve (RPK) in Figure 1 of T is a 
curve, where x and % are identified as labor 
and capital, respectively, and f is identified 
as the marginal revenue product of capital. 
Obviously the value of f would change when 
the value of xı changes from a to some other 
value, even tf the value of x remains the same. 
This is the “shift” of the @ curve, and the 
shift of the Gy curve in T. Such a shift of the 
@ curve will not violate the continuity of the f 
function, contrary to P-C’s objection to T. 
The ‘“‘Averch-Johnson effect” says in es- 
sence that a firm tends to increase its in- 
vestment. In order to conclude that the 
value of f(41, x) Increases, it is not sufficient 
to say that f is a decreasing function in 2% 
for each fixed value of x, (see Figure 1 of 
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T, p. 258). In T, the proof of the A-J effect 
is spelled out in detail in Section II, pp. 
259-260. It is a usual comparative statics 
procedure which is familiar to economists. 
Somehow P-C fail to appreciate the sig- 
nificance of this proof as compared to the 
original A-J argument used to show the 
A-J effect. (See, for example, P-C’s Figure 1, 
p. 212.) 


II. Proof of the A-J Effect 


P-C claim that the A-J effect in both T 
and A-J could be proved only if it is as- 
sumed to start with that the Lagrangian 
multiplier A* is strictly between zero and 
one. Their contention is based on the as- 
sertion that the continuity of A(s) at s=0 
(where s is the upper bound on returns to 
capital) “... could not be proved...” 
without at least one of the above assump- 
tions. Rather than proving this impossibility, 
P-C claim that it is possible to prove that if 
the A-J effect holds or if 0<\*<1, then the 
A-J effect holds. The difference should be 
obvious. . 

When 0<A*<1, the proof of A-J effect is 
spelled out in Section II of T which P-C ap- 
parently ignore. In the following, we skall 
show that it is not necessary to assume that 
0O<A*<1 nor the conclusion, in order to 
prove the A-J assertion. 

We think that a part of their error may 
be caused by the notation. We shall denote 
the return on capital by p, so that: 


wt rk 
K 


where w=7(L, K)=pF(L, K)—wL—rK, 
and denotes profit in T. We use superscript o 
to denote the unconstrained profit maximum 
and the asterisk to denote the constrained 
profit maximum. For the rest, we use the 
notation of T. 





p= 
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Assume that 
r(L, K) | r-z- = 0 


and that s>0. Assume, following T and 
P-C, that L°>0, K®°>0, L*>0 and K*>0)} 
Then we obtain that r°, the unconstrained 
profit maximum, and a*, the constrained 
profit maximum, are positive.? Following T, 
denote the marginal revenue product of 
labor (MRPL) and the marginal revenue 
product of capital (WRPK) by Gz and Gg, 
respectively. Write G,*=G,(L*, K*), Gg* 
=Gr(L*, K*), Gy=G1(L., K") and Gg’ 
=(Cr(L°, K°). Then the unconstrained case 
is characterized, in view of the concavity’ of 
x, etc., by l 


(1a) Gi=w 
(tb) Gx =r 

The regulatory constraint is p<s. Hence: 

p* Ss where p* = p(L*, K*); 
Le., 
vt + rK* = p*K* < sK*, 
and so 
aw* S (s — r)K* 

Since r*>0 and K*>0 we have: 
(2) r<s 

For ‘the constrained case we have at 
Cs 
Ga)  (1=206,=0 =) )e 
(3b) “Gad 06; 92% 5 


BGA 4°50: and 
O=) CK +twl —G) 
(=A (s — p°) 


1 Needless to say, (L°, K°) denotes a solution for the 
unconstrained case and the (L*, K*) denotes a solution 
for the constrained case. 

2 Otherwise (L°, K9) and (L*, K*) are not solutions of 
the respective maximization problems, except for the 
trivial case. Needless to say, L=K=O means “do 
nothing.” 

3? For some discussion in which the usual first-order 
condition gives a necessary and sufficient characteriza- 
tion of optimum, see T. 
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X 
Assuming that G is concave, we have: 
(4a) 6-36 26,0 =7) 
(4b) tie Ae ae 


C=H6.26 41 =) 
For Sk) 
(40) G0, 0 — @ HG, 40s, ) 
| + Ge:(0 — R*) 
where G(0, 0)=G(K, L)| xa0,n=0 


Now A* +1, since A*=1 implies, by (3b), 
that r=s contradicting (2). Hence (1—A)*) 
0, and by (3a) we have: 


(5a) G: = w 
By b}; we have 
(5b) Ce re E 
By (1) and (5a) we write (4a) and (4b) as: 
(6a) G—-G sw(L—L’) 
E Sak) 
(6b) G*—G°* < w-(L* — L?) 
=r (K* — K) 


By >ur assumption that (0, 0)=0, we 
have 3(0, 0)=0. We write (4c) as: 


GPCL + GK" 
Thus, dy (5a), we have: 


(6c) C > ul +GnK 
Add:ng (6a) and (6b) we get: 
(7) 026 Spi =k) 


By (7), K*2X° if, and only if, Gg*—r 20. 
We further, by (3c), have: 
A\*SsK* = A*G* — A*wL* 


Thus, by (5b), (Gx*—r)K*=\*Gx*K* 
+A\*eL*—r*G*, But, by (6c) and A*S0, 
AGr” K*+ra*wL*—A*G*<0. Thus, since 
K*>0, Gx*—rsS0. Hence, K*2K°, which 
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is the “weak” A-J effect. If we assume 
K*;K° then K*> K? which is the “strong” 
A-J effect. 


Ill. Relation to 0<A*¥<1 


The above argument shows that the A-J 
assertion could be proved without assuming 
that O0<A*<1. To show that A*>0 we need 
only to assume that K°#K™* and that (1) 
has a unique Solution.’ Indeed, if A*=0 then 
(3) becomes G,*=w and Gr*=s. It is true 
that A*<1 if, and only if, Gxe*<r, i.e., if, 
and only if, K*>K° by (7). This is true 
since, by (2) and (3b): 


(=) Gee =) )s 


Recalling that A*+1, we have: (1—A*) 
(Gg*— s) <0. Also, by (Sb) 


Gx -r= A (Gx — 5) 


‘From an elementary knowledge of the non-linear 
programming theory with inequality constraints A* as 
defined in T is restricted as A*20 (see condition f in 
T (p. 256)). This remark is probably necessary in view 
of equation (15) of P-C. 
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Thus P-C are “almost” correct in conclud- 
ing that 0<A*<1 if, and only if, K*> K”. 
But they are wrong in stating that the 
A-J effect is impossible to prove without 
assuming A-J effect or 0<A*<1.5 In other 
words, one can prove that A*>0 without 
assuming the A-J effect and one can prove 
the A-J effect without assuming anything 
about A *. 
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Behavior of the Firm Under Regulatory Constraint: 
Reply 


By ISRAEL PRESSMAN AND ARTHUR CAROL* 


We completely agree that it would .be 
useful to clarify the papers by Harvey 
Averch and Leland Johnson, and by Akira 
Takayama. Rather than clarify, however, 
Mohamed El-Hodiri and Takayama (E-T) 
have tried to reinforce their arguments to 
prove an unproveable result and have re- 
sorted to the same assumptions and methods 
of the paper by Takayama. 

It is apparent that E-T have confused a 
function of one variable with a function of 
two variables. Clearly if the value of a 
changes then it is not the value of f that 
changes, but the entire function f(a, x2) be- 
comes a new function. Furthermore, E-T 
continue to misinterpret the “A-J effect” as 
“in essence that a firm tends to increase its 
investment.” This is not the effect that A-J 
attempt to prove. A-J’s statement of the 
overcapitalization effect is that “The firm 
will substitute capital for the other factor of 
production and operate at an output where 
cost is not minimized” (p. 1053). In other 
words, the optimum capital-to-labor ratio 
for the regulated firm will exceed the op- 
timum capital-to-labor ratio for the un- 
regulated firm. The result that K*>K° isa 
foregone conclusion and is implied by the 
assumptions of the model and does not have 
to be proved. 

It has been shown by L. Courville that a 
proof of overcapitalization requires the ad- 
ditional assumption of strictly convex iso- 
quants. That this is so can be seen from the 
diagrams of E. E. Zajac, p. 120, that require 
the iscquants to intersect the constraint 
curve in two points. This is possible only if 
the iscquants are strictly convex. Thus, 
Courville has strengthened our contention 
“that the very assumptions used to prove 


* Assistant professor of statistics and associate pro- 
fessor of sconomics at Baruch College, City University 
of New York, respectively. Pressman is also a member 
of the Management Sciences Division of the American 
Telephone and Telegraph Company. 
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the A-J Effect... require an assumption 
that the A-J Effect exists in the first place” 
(p. 219). 

With regard to T’s comparative statics 
procedure, p. 259-260, it should be pointed 
out that comparative statics should be ap- 
plied very carefully and only in the vicinity 
of the optimum. Incorrectly applied it leads 
to unsound conclusions. For example, equa- 
tion (23) of T, p. 259, implies that 


dk*/k* = ds/ (r = ro) 


or that the change in capital is independent 
of the 4 RPK, a very unsound economic 
implication. 

Finelly, it should be pointed out that 
strict concavity of any function doesn’t 
imply that the second derivative is negative 
everywhere. For example the function f(X) 
— X? is strictly concave, but f’’(0) =0. 
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1 These comments are solely the authors’ and are 
based cn interpretations o: discussions with Courville. 
They shculd not be represented as his opinion. 


NOTES 


A new organization, the History of Economics So- 
ciety, has been organized for the purpose of stimulating 
interest and research in the history of economics, en- 
couraging communication and interaction among schol- 
ars working in the field, and exposing members of the 
profession, particularly younger ones, to many facets of 
the broad scientific-literary-philosophic tradition of our 
discipline. 

The members of the Executive Committee are Wil- 
liam Allen, Robert Eagly, Craufurd Goodwin, William 
Grampp, William Jaffé, Warren Samuels, Joseph 
Spengler, George Stigler, and Vincent Tarascio. Anyone 
interested in participating as a member of the Society 
should communicate directly with Vincent J. Tarascio, 
Chairman, Executive Committee, History of Economics 
Society, Economics Department, University of North 
Carolina, Chapel Hill, North Carolina 27514, 


Invest-in-America announces an essay contest open 
to members of economic faculties. The essay should 
identify current problems of the American economy, 
and the essayist should tell what he foresees as the major 
economic problems of the next ten years. Essays should 
not exceed three thousand words, double spaced typed, 
and should be submitted by Sept. 1, 1973. Send manu- 
scripts to Invest-in-America National Council, Inc., 
Suite 906-907, 117 South 17th Street, Philadelphia, 
Pennsylvania 19103. Prizes of $250.00, $150.00, and 
$100.00 will be announced May 1, 1974. 


New Journals 


The Industrial Organization Review will begin publica- 
tion with the spring issue in 1973. The Review will be 
published initially three times a year. It will be devoted 
to technical and empirical papers in the area of applied 
microeconomic theory, as well as studies of industry 
structure, conduct, and performance. It will also carry 
occasional papers which deal with policy questions of 
substantial significance. Manuscripts should be sub- 
mitted to Managing Editor, Industrial Organization Re- 
view, Building 276, Virginia Polytechnic Institute and 
State University, Blacksburg, Virginia 24061. 


The Journal of European Economic History is an in- 
ternational scientific journal addressed to the commun- 
ity of scholars in economic history. It is published in the 
English language and appears three times a year. The 
editor is Luigi de Rosa, formerly professor of economic 
history at the University of Bari, and now at Naples. 
The American members of the editorial board are Shep- 
ard B. Clough and Ira Glazier with offices at Temple 
University. Contributions and suggestions for articles 
and book reviews are invited. The Journal is published 
by the Banco di Roma, Via del Corso, Rome. No charge 
is made for subscriptions to institutions and professional 
economic historians. 


The Home Economic Research Journal is a new pub- 
lication of the American Home Economics Association, 
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a professional organization dedicated to the improve- 
ment of the quality and standards of indiv:dual and 
family life. The Journal provides a medium for reporting 
and recording the significant research that is being con- 
ducted today in home economics. All materia] will be 
refereed and must meet high standards, both in the re- 
search and in its presentation. Manuscripts may be sub- 
mitted to the editor, Geitel Winakor, MacKay Hali, 
Iowa State University, Ames, Iowa 50010. A guide for 
authors may be obtained from the editor or from the 
American Home Economics Association, 20:0 Massa- 
chusetts Ave., N.W., Washington, D.C. 20036. 


A three-week Short Course for college teachers of 
economics will be held at Northern Illinois University 
from August 6-24, 1973. The workshop is supported by 
a grant from the National] Science Foundation. The pro- 
gram will acquaint teachers of undergraduates with a 
wide range of computer-assisted instruction (CAT) tech- 
niques in economics. Thirty participants will be selected 
from junior and community colleges, four-year under- 
graduate institutions, and universities. For application 
forms and further information, write Professor John C. 
Soper, Department of Economics, Northern Illinois 
University, DeKalb, Illinois 60115. 


A National Symposium on Ultimate Disposal of 
Wasiewaters and Their Residuals will be held in Dur- 
ham, North Carolina on April 26 and 27, 1973. Spon- 
sored by the Research Triangle Universities and several 
national organizations, the program will include sessions 
on land disposal, marine disposal, sludge handling, de- 
sign practice, recovery, and recycling. For further in- 
formation, please contact F. E. McJunkir, Associate 
Director, Water Resources Research Institute of the 
University of North Carolina, North Carolina State 
University, 124 Riddick Building, Raleigh, North 
Carolina 27607. 


The Committee on the Undergraduate Program in 
Mathematics (Mathematical Association of America) 
has recently published a report entitled Introductory 
Statistics Without Calculus. Intended as a guide for de- 
partments which offer a basic service course in statistics 
for students who have not studied calculus, this docu- 
ment contains recommended objectives for such a course 
and a discussion of their implications. A detailed outline 
is given for a conventional course in introductory sta- 
tistics, while some alternate approaches (dzcision-theo- 
retic, nonparametric, problem-oriented) zre also dis- 
cussed, The report considers the use of data sets, com- 
puters, experiments, and various teaching aids. It con- 
tains a selected bibliography of almost 100 <itles. Copies 
of the report are available without charge from the 
CUPM Central Office, P.O. Box 1024, Berkeley, Cali- 
fornia 94701, 
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The University of Denver Graduate School of Inter- 
nationa! Studies announces a conference on Compara- 
tive Public Policy: Process, Output, and Tradeoffs to be 
held November 21-23, 1973. Papers are being solicited 
and younger scholars are encouraged to make submis- 
sions. Papers must involve either cross-national or cross- 
issue comparisons, Preference will go to papers dealing 
with allocational decision making or analysis of output 
regarding defense and/or welfare. Authors whose papers 
are accepted for delivery will receive an honorarium of 
$300 and consideration for publication. For further in- 
formation, write to William Loehr, Assistant Dean, 
Graduate School of International Studies, Univerity of 
Denver, Denver, Colorado 80210. 


The American Academy of Political and Social Sei- 
ence recently assembled a group of leading American 
social scientists who conferred for twọ days on the sub- 
ject, “Integration of the Social Sciences through Policy 
Analysis.” Three principal papers and nine written 
critiques were prepared and published in a monograph. 
Anyone wishing to have a copy of this monograph may 
obtain one free by writing to this Academy at 3937 
Chestnut Street, Philadelphia, Pennsylvania 19104, 


A complete set of The American Economic Review 
through 1950 is available as a donation to 
a small college or foreign institution. For infor- 
mation, write Professor Robert R. Dince, Depart- 
ment of Banking and Finance, Varsity, Building, Uni- 
versity of Georgia, College of Business Administration, 
Athens, Georgia 30601. 


The fourth Congress of the International Economic 
Association will be held in Budapest from 19 to 25 Au- 
gust 1974 on the general theme, Economic Integration: 
Regional and Sectoral. The program committee consists 
of Fritz Machlup, Chairman, Bela Balassa (US), Ray- 
mond Barre (France), O. T. Bogomolov (USSR), Bela 
Czikos-Nagy (Hungary), Robert Gardiner (Africa), 
Herbert Giersch (West Germany), Harry Johnson 
(UK), Ryitaro Komiya (Japan), Erik Lundberg (Swe- 
den), Jozef Pajestka (Poland), and Raul Prebisch (La- 
tin America). The program will include plenary sessions 
as well as meetings of ten separate working groups deal- 
ing with various aspects of the main theme. Details will 
be announced within the next few months. The address 
of the IEA Secretariat is 54 Boulevard Raspail, 75270 
Paris Cecex 06 (Secretary General—Professor Luc 
Fauvel). Professor Mihaly Simai, Hungarian Economic 
Association, Kossuth Lajos Ter. 4, Budapest V, is in 
charge of local arrangements. 


Fulbrignt-Hays Program for Senior American and 
Foreign Scholars in Economics and 
Business Administration 


Applications will be accepted this spring for more 
than 550 lecturing and advanced research awards dur- 
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ing 1974-75 in over 75 countries under the senior Ful- 
bright-Hays program, the Committee on International 
Exchange of Persons announced recently. Specialists in 
economics who are U.S. citizens and have a doctorate or 
college teaching experience are invited to indicate their 
interest im an award by completing a simple registration 
form, eveilable on request from Senior Fulbright-Hays 
Program, 2101 Constitution Avenue, Washington, D.C. 
20418. Kegistrants will receive a detailed announcement 
of the 1974-75 program in May. The deadline for apply- 
ing for research awards is July 1, 1973 and it is also the 
suggested date for filing for lectureships. 

Applications from senior foreign scholars for tempor- 
ary appointments at American colleges or universities 
are transmitted to the Committee each year by Ful- 
bright-Hays agencies abroad. The scholars are eligible 
for a Fulkright-Hays travel grant upon receiving a lec- 
turing or research appointment. An annual list of such 
scholars is issued ir. March. Also available is a list of 26 
senior Fulbright-Hays foreign scholars in economics 
who are in the United States this academic year. A num- 
ber of them would be pleased to accept invitations to 
give same lectures or to participate in special confer- 
ences under the sponsorship of academic institutions 
and edicationa] organizations. 


Deaths 
Leland Louis Howell, Reno, Nevada, Nov. 20, 1972. 


Retirements 


George E. Hand, professor of economics, Southern 
Illinois University, Sept. 1, 1971. 

Taylor D. MacLafferty, associate professor of busi- 
nes admiristration, Emory University, Sept. 1, 1972. 

Vernon Morrison, professor of economics, Southern 
Tlinois Un versity, June, 1972. 


Visiting Foreign Scholars 


Do Yung Chung, Sung Kyun Kwan University: visit- 
ing professor of economics, Thunderbird Graduate 
School, fall 1972. 

Nicos E. Devletogiou, London School of Economics 
and Political Science, University of London: Texas 
A&M University, spring 1973. 


Promotions 


Robert F. Allen: associate professor of economics, 
University of Nebraska, 1972-73. 

Evan E. Anderson: associate professor, Graduate 
School of Business Administration, Tulane University, 
July 1, 1972. 

A. Paul Ballantyne: professor, College of Letters, 
Arts, and Sziences, University of Colorado, June 1972. 

Dougias Bohi: associate professor of economics, 
Southern Ilinois University. 

E. Geralc Corrigan: senior economist and assistant 
secretary, research and statistics function, Federal Re- 
serve Bank af New York. 

William P. Culbertson: assistant professor, depart- 
ment of economics, University of Virginia, Feb. 1. 1972. 
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Lawrence A. Daellenbach: associate professor, Uni- 
versity of Wisconsin, La Crosse, Aug. 28, 1972. 

Don J. DeVoretz: associate professor, department of 
economics and commerce, Simon Fraser University, 
Sept. 1, 1971. 

James Fenner: associate professor of economics, Uni- 
versity of Bridgeport, Sept. 1972. 

Richard Fryman: associate professor of economics, 
Southern Illinois University, July 1971. 

William R. Graham: associate professor of economics 
and statistics, California State University, Los Angeles, 
Sept. 1972. 

Margaret L. Greene: manager, foreign department, 
Federal Reserve Bank of New York. 

Andrew C. Gross: associate professor, Cleveland State 
University, Sept. 1, 1971. 

Harish C. Gupta: associate professor of economics, 
University of Nebraska, 1972-73. 

Michael J. Hamburger: senior economist, research 
and statistics function, Federal Researve Bank of New 
York. 

Judd Hammack: associate professor of economics and 
statistics, California State University, Los Angeles, 
Sept. 1972. 

William B. Hartley: professor of economics, Iowa 
Wesleyan College, Sept. i, 1972. 

M. F. Hassan: professor of economics, Illinois State 
University. 

F. Gregory Hayden: associate professor of economics, 
University of Nebraska, 1972-73. 

Paul L. Helsing: professor, department of economics, 
Eastern Washington State College, May 1972. 

Paul Heyne: professor, department of economics, 
Southern Methodist University, May 1972. 

M. Bruce Johnson: professor of economics, University 
of California, Santa Barbara, July 1972. 

Dennis R. Maki: associate professor, department of 
economics and commerce, Simon Fraser University, 
Sept. 1, 1971. 

Lloyd J. Mercer: associate professor of economics, 
University of California, Santa Barbara, July 1972. 

Turley Mings: professor, economics department, 
California State University, San Jose, Sept. 1, 1972. 

Paul T. Mu: associate professor of economics, Cali- 
fornia State University, Los Angeles, Sept. 1972. 

Edgar O. Olsen: associate professor, department of 
. economics, University of Virginia, Sept. 1, 1972. 

Virginia L. Owen: associate professor of economics, 
Illinois State University. f 

Ramachandra Ramanathan: associate professor of 
et as University of California, San Diego, July 1, 
1972, 

Edward J. Regan: chief, financial statistics division, 
Federal Reserve Bank of New York. 

Nagesh S. Revankar: associate professor of economics, 
State University of New York at Buffalo. 

Milton Russell: professor of economics, Southern 
Illinois University, June 1971. 

William B. Simpson: professor of economics, Cali- 
fornia State University, Los Angeles, Sept. 1972. 

Russell A. Snyder: professor of economics, Eastern 
Washington State College, Sept. 1972. 
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Kevin C. Sontheimer: associate professor of eco- 
nomics, State University of New York at Buffalo. 

Gerald F. Sorrensen: associate professor of economics, 
California State University, Los Angeles, Seat. 1972. 

Gary Stern: chief, business conditions division, Fed- 
eral Reserve Bank of New York. — 

Robert C. Stuart: associate professor of economics, 
Douglass College, Rutgers University, July 1, 1972. 

Sam Sydneysmith: associate professor, department of 
economics and commerce, Simon Fraser University, 
Sept. 1, 1972. 

Arlon R. Tussing: professor, University of Alaska, 
July 1972. 

Harold L. Votey, Jr.: associate professor of economics, 
University of California, Santa Barbara, Juy 1972. 

William C. Wedley: assistant professor, department 
of economics and commerce, Simon Fraser University, 
August 25, 1971. 


Admimstrative A ppoiniments 


Alec P. Alexander: dean, College of Letters and Sci- 
ence, University of California, Santa Barbara, July 
1971. 

A. Paul Ballantyne: dean, College of Letters, Arts, 
and Sciences, University of Colorado, Apr. 1972. 

Parzival Copes: chairman, department af economics 
and commerce, Simon Fraser University, Sept. 1, 1972. 

John Drake, University of Washington: chairman, de- 
partment of world. business, Thunderbird Graduate 
School, Sept. 1972. 

John S. Dydo: director, administrative studies pro- 
gram, Southampton College of Long Island University, 
July 25, 1972. 

Edna E. Ehrlich: manager, international] research de- 
partment, Federal Reserve Bank of New York. 

Marshall I. Goldman: chairman, department of eco- 
nomics, Wellesley College, Sept. 1971. 

William B. Hartley: chairman, department of eco- 
nomics and business administration, Iowa Wesleyan 
College, Sept. 1, 1972. 

John B. Henderson: chief, economics division, Con- 
gressional Research Service, Library of Congress, Sept. 
1972, 

Frank I. Jewett: associate dean for instructional re- 
sources, California State University, Humboldt, July 1, 
1972. 

Stanley R. Johnson: chairman, department of eco- 
nomics, University of Missouri, Columbia, July. 1, 1972. 

Carl R. Jones: associate chairman (academic planning 
and instruction), department of operations research and 
administrative sciences, Naval Postgraduate School, 
July 1971. 

James V. Koch: chairman, department of economics, 
Illinois State University. 

Stephen J. Kohn, Akron National Bank & Trust Com- 
pany superintendent of banks, State of Ohio, Nov. 1, 
1972. 

David H. Kopf: chief, money and finance division, 
Federal Reserve Bank of New York. 

Cletus H. Kruyer, Jr. vice-president of college affairs, 
High Point College. 
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Robert G. Layer: chairman, department of economics 


Southerr. Illinois University, Feb. 1, 1972. 

Lloyd J. Mercer: vice-chairman, department of eco- 
nomics, University of California, Santa Barbara, July 
1972. 

Turley Mings: director, Center for Economics Educa- 
tion, California State University, San Jose, Sept. 1, 
1972. 

Gordon A. Philpot: chairman, department of eco- 
nomics, Whitman College, June 1, 1972. 

Alfred E, Pierce: acting head, department oi eco- 
nomics and business, Lafayette College, Aug. 1, 1972. 

Jobn E. Rapp, MacMurray College: professor of eco- 
nomics ard chairman, University of Dayton, Aug. 1972. 

George Rosen: head, department of economics, Uni- 
versity of Illmois, Chicago Circle, Sept. 1972. 

John B. Ross: vice-president, Bank of America, San 
Francisco, Oct. 18, 1972. 

William R. Russell: chairman, department of eco- 
nomics, Southern Methodist University, June 1972. 

George G. Sause: provost, Lafayette College, Aug. 1, 
1972. 

Richard T. Selden: chairman, department of eco- 
nomics, University of Virginia, Sept. 1, 1972. 

Malcolm F. Severance, acting chairman, department 
of economics and business administration, University of 
Vermont, July 1, 1972. 

Jerome B. Siebert: associate director, Agricultural Ex- 
tension, University of California at Berkeley, Sept. 1, 
1972. 

Russell A. Snyder: chairman, department of eco- 
nomics, Eastern Washington State College, Sept. 1972. 

Douglas P. Sweetland: department chairmen, depart- 
ment of economics, University of Wisconsin, La Crosse, 
Aug. 28, 1972. 

Harold L. Votey, Jr.: acting director, Cenier for the 
Study of Developing Nations and the Community and 
Organizations Research Institute, University of Cali- 
fornia, Santa Barbara, July 1971. 

Richard L. Wallace: director of Policy Research Cen- 
ter and assistant dean for research, College of Adminis- 
tration and Public Affairs, University of Missouri, 
Columbia. 

W. Donald Wood, director, Industrial Relations Cen- 
ter, Queen’s University: acting chairman, Ontario Eco- 
nomic Council, 


New Appointments 


Roy D. Adams: assistant professor of economics, 
Towa State University. 

Rahim Amin, University of Cincinnati: assistant pro- 
fessor of economics, Anderson College, Sept. 1972. 


Geoffrey T. Andron: visiting assistant professor of 


economics, Iowa State University, 1972-73. 

Richard K. Armey, Austin College: associate profes- 
sor of economics, North Texas State University, Sept. 1, 
1972. 

Richard W. Ault, University of Virginia: lecturer, 
Texas A&M University. 

Raveendra N. Batra, University of Western Ontario: 
associate professor, department of economics, Southern 
Methodist University, Sept. 1972. 
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Edwarc I. Beck: instructor, departrnent of economics 
and business, Lafayette College, Sept. 1. 1972. 

R. A. Douglas Beck, Iowa State University: assistant 
professor, department of economics and commerce, 
Simon Fraser University, Sept. 28, 1972. 

Sohrab Behdad, Michigen State University: lecturer, 
Syracuse University, 1972-73. 

David 4.. Belsley: senior research associate, National 
Bureau >x Economic Research, Computer Research 
Center. 

Robert L. Bish, University of Washington: associate 
professor, department of economics and Center for 
Urban Affairs, University of Southern California, Sept. 
1972. 

Tapan E. Biswas: lecturer, department of economics, 
University of California, Santa Barbara, July 1972. 

Charles Blackorby, London School of Economics: 
associate pecfessor of econcmics, Southern Illinois Uni- 
versity, Sent. 1972. 

Michael K. Block, University of Santa Clara: assis- 
tant professor of economics, Naval Postgraduate School, 
Sept. 1972. 

Gregory 5. Boussios: assistant professor of economics, 
Southampton College of Leng Island University, Sept. 
1, 1972. 

D. L. Brito, University of Wisconsin: associate pro- 
fessor, Tar Ohio State University. 

Robert Brownlee: instructor, Syracuse University, 
Sept. 1972-73. 

David C Bunting: visiting assistant professor, de- 
partment ər economics, Eastern Washington State Col- 
lege, Sep:. 1972. 

Stephen Buser, Boston College: assistant professor of 
economics, southern Illinois University, Sept. 1972. 

Tansu U. Ciller, University of Connecticut: assistant 
professor of economics, Franklin and Marshall College, 
Sept. 1972. 

Charles E. Conrod, Northwestern University: visiting 
instructor, Simon Fraser University, Sept. 1, 1972. 

John S. Cook, Purdue University: assistant professor, 
department of economics, University of South Carolina. 

L. Jorn Lakin, University of Kansas: assistant pro- 
fessor of economics and business law, University of 
North Florida, Sept. 1972. 

Martin Davis: assistant professor, economics depart- 
ment, Ca‘ifarnia State University, San Jose, Sept. 1, 
1972. 

Robert T. Deacon: assistant professor of economics, 
University of California, Santa Barbara, July 1972. 

Merrill E. Douglass: assistant professor of business 
administretion, Emory University, Sept. 1, 1972. 

Douglas Dowd: lecturer, economics department, Cali- 
fornia State University, San Jose, Sept. 1, 1972. 

John 8. D-vdo, C.R. Dean Economics, Inc.: professor 
of economics, Southampton College of Long Island 
University, Fuly 1, 1972. 

Randyl D. Elkin: visiting assistant professor of eco- 
nomics, Iowa State University, 1972-73. 

Howard Elliott, Princeton University: research as- 


sociate, Center for Research on Economic Development, 


University of Michigan. 
James Elibtt, Yale University: research associate, 
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Center for Research on Economic Development, Uni- 
versity of Michigan. 

Thomas W. Epps, U.S. Army: assistant professor, de- 
partment of economics, University of Virginia, Sept. 1, 
1972, 

Teviah L. Estrin: instructor, department of eco- 
nomics and commerce, Simon Fraser University, Sept. 
1, 1972. 

Bert Evans: associate professor of economics, Univer- 
sity of Nebraska, 1972-73. 

Roger N. Folsom, Claremont Graduate School: assis- 
tant professor of economics, Naval Postgraduate School, 
Sept. 1972. 

Ralph R. Frasca, Indiana University: assistant pro- 
fessor of economics, University of Dayton, Aug. 1972. 

Stuart A. Gallaher: instructor, department of eco- 
nomics and business, Lafayette College, Sept. 1, 1972. 

Gillian G. Garcia: assistant professor, economics de- 
partment, California State University, San Jose, Sept. 
1, 1972. 

Marshall Geer, University of Colorado: associate pro- 
fessor of economics, Thunderbird Graduate School, 
Sept. 1972. 

Charles G. Geiss: assistant professor of economics, 
University of Missouri, Columbia. 

Betty Gibson: lecturer, economics department, Cali- 
fornia State University, San Jose, Sept. 1, 1972. 

Errol Glustoff, University of Tennessee: visiting as- 
sociate professor, department of economics, University 
of California, Santa Barbara, 1972-73. 

Robert S. Golden: assistant professor of economics 
and statistics, California State University, Los Angeles, 
Sept. 1972. 

Loretta L. Good: assistant professor, University of 
Wisconsin, La Crosse, Aug. 1972. 

Hans-Werner Gottinger: lecturer, department of eco- 
re University of California, Santa Barbara, Jan. 
1973. 

Levern Graves, California State University, Fuller- 
ton: visiting professor, California State University, Los 
Angeles, summer 1972. 

Ronald E. Grieson, Massachusetts Institute of Tech- 
nology: assistant professor, Queens College, City Uni- 
versity of New York, 1972-73. 

Reuben Gronau: research associate, National Bureau 
of Economic Research, June 1972. 

Arthur Guthrie, Carleton University: assistant profes- 
sor, department of economics and commerce, Simon 
Fraser University, Jan. 1, 1973. 

Josef Hadar, Case Western Reserve University: pro- 
fessor, department of economics, Southern Methodist 
University, Sept. 1972. 

Gus W. Haggstrom, University of California, Berke- 
ley: staff member, economics department, The Rand 
Corporation, Aug. 1972. 

Bennett Harrison, University of Maryland: associate 
professor of economics and urban studies, Massachu- 
setts Institute of Technology, Mar. 1973. 

Jacob Hornik: assistant professor, department of mar- 
keting, University of Illinois at Chicago Circle. 


Ernest L. Inwood, California State University, San 


Jose: professor, economics department, Eastern Col- 
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lege, Sept. 1, 1972. 

J. Mark Jackson, Auburn University: visiting assis- 
tant professor, Texas A&M University. 

John A. James, Massachusetts Institute of Tecanol- 
ogy: acting assistant professor, department of eco- 
nomics, University of Virginia, Feb. 1, 1973. 

Karen Johnson, Massachusetts Institute of Technol- 
ogy: instructor, Wellesley College, Sept. 197%. 

William A. Johnson, Rand Corporation: staff econo- 
mist, Council of Economic Advisers. 

Suhas Ketkar, Vanderbilt University: lecturer, Uni- 
versity of Sierra Leone and research associate, Center 
for Research on Economic Development, University of 
Michigan. 

Larry Kiser: assistant professor, department oz eco- 
nomics, Eastern Washington State College, Sept. 1972. 

Odin K. Knudsen: lecturer, economics department, - 
California State University, San Jose, Sept. 1, 1972. 

James V. Koch, Northern Illinois University: visiting 
associate professor, California State University, Los 
Angeles, summer 1972. 

Robert Konwea, California State University, San 
Jose: visiting assistant professor, California State Uni- 
versity, Los Angeles, summer 1972. 

John D. Kyle: visiting associate professor, d2part- 
ment of economics and commerce, Simon Fraser Univer- 
sity, Sept. 1, 1972. 

William K. Kyle: assistant professor of administra- 
tion, Sangamon State University, fall 1972. 

Helen Ladd, Harvard University: instruczor, Welles- 
ley College, Sept. 1971. 

Harvey E. Lapan: assistant professor of economics, 
Towa State University. 

Norman B. Lefton: consultant economist in medical 
affairs, Regional Medical Program of Hawaii, Sept. 
1972. 

Roger C. Leonhard: instructor, department of eco- 
nomics, University of Virginia, Sept. 1, 1972. 

Dianne R. Levene: assistant professor of economics, 
California State University, Los Angeles, Sept. 1972. 

Wilbur C. Lewellen: research associate, National 
Bureau of Economic Research, July 1972. 

Lee A. Lillard: research associate, National Bureau 
of Economic Research, June 1972. 

Thomas J. Lombardo, Texas Tech University: assis- 
tant director, Center for Economic Education, North 
Texas State University, July 1, 1972. 

Edwin J. Longfellow: instructor, department of eco- 
nomics, Iowa State University. 

Richard E. Low, Rutgers University: visiting associ- 
ate professor, California State University, Los Angeles, 
summer 1972. 

Dennis A. MacDonneil, University of California, 
Riverside: international training officer, Bank of 
America, July 1972. 

Peter J. McCabe: acting assistant professor of eco- 
nomics, University of California, Santa Barbara, July 
1971. 

Jobn M. Marshall, Vanderbilt University: assistant 
professor of economics, University of California, Santa 
Barbara, July 1972. 

James C. Miller III, U.S. Department of Transporta- 
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tion: associate professor, Texas A&M University. 

Kenneth E. Moberg: assistant professor of business 
administration, Emory University, Sept. 1, 1972. 

Terry Monson, University of Minnesota: research 
associate, Center for Research on Economic Develop- 
ment, University of Michigan. 

Peter Moock, Columbia University: research associ- 
ate, Center for Research on Economic Development, 
University of Michigan. 

R. Allen Moran: assistant professor of economics, 
University of Bridgeport, Sept. 1972. 

James A. Morris: professor, department of economics, 
University of South Carolina. 

Alexander L. Morton: research associate, National 
Bureau of Economic Research, Aug. 1972. 

Milton Moss: senior research associate, National 
Bureau of Economic Research, May 1972. 

Dennis C. Mueller: research associate, National Bu- 
reau of Economic Research, Aug. 1972. 

Paul Munyon, Harvard University: instructor, Welles- 
ley College, Sept. 1971. 

Dennis D. Olson: assistant professor of economics, 
Emory University, 1972-73. 

Gerald W. Olson: instructor, department of eco- 
nomics, University of Missouri, Kansas City, Sept. 1, 
1971. 

Andrew Parnes: lecturer, economics department, Cali- 
fornia State University, San Jose, Sept. 1, 1972. 

Newman S. Peery: instructor, department of eco- 
eee and commerce, Simon Fraser University, Sept. 
1, 1972. 

Neal Pepper, economist, money and finance division, 
Federal Reserve Bank of New York. 

Lawrence T. Pinfield, Stanford University: assistant 
professor, department of economics and commerce, 
Simon Fraser University, Sept. 1, 1972. 

Perry W. Polk: instructor, department of economics 
and management, USAF Academy, June 1972. 

Nikolai Pulchritudoff: assistant professor of eco- 
nomics and statistics, California State University, Los 
Angeles, Sept. 1972. 

Theodore E. Quast, Jr., Indiana University, South 
Bend; assistant professor of economics, Marshall Uni- 
versity, Aug. 28, 1972. 

Satish Raichur, University of Pittsburgh: visiting as- 
sistant professor, Graduate School of International 
Studies, University of Denver. 

Samuel D. Ramenofsky: assistant professor, depart- 
ment of economics, University of Missouri, Kansas 
City, Sept. 1, 1972. 

Clyde G. Reed, University of Washington: assistant 
professor, department of economics and commerce, 
Simon Fraser University, Sept. 1, 1972. 

Edward H. Robb: assistant professor of economics 
and director of the State and Regional Fiscal Studies 
Unit, University of Missouri, Columbia, July 1, 1972. 

John D. Rossi: assistant professor, department of 
economics and business, Lafayette College, Sept. 1, 1972. 

R. S. Rungta: visiting associate professor of market- 
ing, Temple University, 1972-73. 

Gertrude E. Schroeder: professor, department of eco- 
nomics, University of Virginia, Sept. 1, 1972. 


MARCH 1973 


Richard Schwindt: instructor, department of eco- 
nomics anc commerce, Simon Fraser University, Sept. 
1, 1972. 

Ernest M. Scott: instructor, department of economics 
and commerce, Simon Fraser University, Sept. 1, 1972. 

Gerald W. Scully, Southern Illinois University: as- 
sociate professor, department of economics, Southern 
Methodist University, Sept. 1972. 

M. Sabrr El Shabrawy, University of Illinois: assis- 
tant professcr of world business, Thunderbird Graduate 
School, Sept. 1972. 

Jeremy F. Shapiro: senior research associate, Na- 
tional Bureau of Economic Research, Computer Re- 
search Center, July 1972. 

Kenneth Shapiro, Stanford University: research as- 
sociate, Certer for Research on Economic Development, 
University 92 Michigan. 

Stephen L. Shapiro, University of South Carolina: 
assistant professor of economics, University of North 
Florida, Auz. 1972. 

James F. Smith: research associate, National Bureau 
of Econcmiz Research, Oct. 1972. 

John ©. Soper, University of Missouri, Columbia: 
assistant professor of economics and coordinator, office 
for economic education, Northern Illinois University, 
Sept. 1972. 

Gayle Southworth: lecturer, economics department, 
California State University, San Jose, Sept. 1, 1972. 

Earl O. Stephens: assistant professor of economics 
and statistics, California State University, Los Angeles, 
Sept. 1972. 

Wayne L. Stevenson: assistant professor, department 
of economics, Middlebury College, Sept. 1972. 

George J. Stigler: senior research staff, National Bu- 
reau of Economic Research, July 1972. 

Raymond J. Struyk, Rice University: Housing Stud- 
ies Group, The Urban Institute, May 1972. 

William J. Taylor: lecturer in business administra- 
tion, Emory University, 1972-73. 

Katsuaki Terasawa, California Institute of Technol- 
ogy: assisterct professor of economics, Naval Postgradu- 
ate School, June 1972. 

Harriet Tolpin, Boston College: instructor, Wellesley 
College, Jan 1973. 

Edward Tower, University of Auckland: assistant 
professor, d2partment of economics and commerce, 
Simon Fraser University, Sept. 1, 1972. 

Andris Trappens, University of California, Berkeley: 
assistant >rofessor of economics, Thunderbird Graduate 
School, Feb. 1973. 

Roger Var. Tassel, Clark University: visiting profes- 
sor, Californie State University, Los Angeles, summer 
1972. 

Roger C. Vergin, University of Washington: profes- 
sor, department of economics and commerce, Simon 
Fraser University, Sept. 1, 1972. 

Robert Vozzal, Wesleyan University: associate profes- 
sor of economics, Southern Illinois University, Sept. 
1972. 

Dale Vozcerlandwehr, Michigan State University: 
assistant praiessor of economics, Thunderbird Graduate 
School, Sept. 1972. 
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Janice Weaver, University of Illinois: lecturer, Syra- 
cuse University, 1972-73. ` 


Rodger Weaver: assistant professor of economics, . 


University of Nebraska, 1972-73. 

Charles L. Weber: lecturer, department of economics, 
University of Illinois, Chicago Circle. 

William E. Wehrs: assistant professor, University of 
Wisconsin, La Crosse, Aug. 1972. 

Peter Weisel, University of Oregon: research associ- 
ate, Center for Research on Economic Development, 
University of Michigan. 

Joseph Weiss, Louis Berger, Inc.: marketing econo- 
mist, Companhia Brasileira de Alimentos, Brasilia, Oct. 
15, 1972. 

Donald R. Winkler: assistant professor of economics, 
University of California, Santa Barbara, July 1972. 

Louis A. Woods, East Carolina University: assistant 
professor of geography and economics, University of 
North Florida, fall 1972. 

Paul Zarembka, University of California, Berkeley: 
associate professor of economics, State University of 
New York at Buffalo. 

Seid M. Zekavat, Loyola University of Los Angeles: 
visiting associate professor, California State University, 
Los Angeles, summer 1972, 


Leaves for Special A ppoiniments 


Albert Y. Badre, Southern Illinois University: profes- 
sor of economics, American University, Beirut, 1971-72. 

Abraham S. Becker, The Rand Corporation: visiting 
professor of economics, Soviet and East European Re- 
search Center, Hebrew University, 1972-73. 

James W. Christian, Iowa State University: Federal 
Home Loan Bank Board, Washington, Sept. 1, 1972- 
Aug. 31, 1973. 

Michael R. Darby, Ohio State University: visiting 
assistant professor, University of California, Los 
Angeles. 

_ William B. Eastlake, Boise State College: Fulbright 
lecturer in economics, Cuttington College, Monrovia, 
Liberia, July 1971-July 1973. 

Milton Edelman, Southern Illinois University: Ful- 
bright research scholar, Industrial Relations Research 
Unit, Social Science Research Council, University of 
Warwick, England, Jan.—June 1973. 

Julian M. Greene, Southern Methodist University: 
Ernst and Ernst, MCS Division, Washington, Aug. 
1972. 

Geoffrey B. Hainsworth, University of British Colum- 
bia: research associate, International Development Re- 
search Council, Ottawa, 1972-73; visiting fellow, Over- 
seas Development Council, Washington, Jan.—June 
1973. 

Yukon Huang, University of Virginia: University of 
Dar es Salaam, Dar es Salaam, Tanzania, 1972-74. 

John Kraft, University of Florida: Brookings Institu- 
tion Economic Policy Fellow, Brookings Institution and 
the Price Commission, June 1972. 
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Fred D. Levy, Jr., Syracuse University: U.S. Trea- 
sury, July 1972, 

Katharine C. Lyall, Syracuse University: senior re- 
search associate, Center for Urban Studies, Johns 
Hopkins University, Sept. 1972. 

Richard C. Maxon, Towa State University: senior © 
visiting lecturer, department of agricultural economics, 
University of Ibadan, Ibadan, Nigeria, Sept. 1, 1972- 
Aug. 31, 1973. 

Walter J. Mead, University of California, Santa 
Barbara: chief economist, The Energy Policy Project, 
Washington, Sept. 1, 1972—Aug. 31, 1973. 

John C. Murdock, University of Missouri, Columbia: 
professor of economics and adviser to the graduate dean, 
Massey University, New Zealand, Sept. 1972. 

James R. O’Connor, California State University, San 
Jose: Max Planck Institut, West Germany, fall 1972. 

Richard L. Peterson, Southern Methodist University: 
Consumer Credit and Finance Section, Division of Re- 
search and Statistics, Federal Reserve Board, Aug. 1972. 

R. Robert Russell, University of California, Santa 
Barbara: visiting associate professor of economics, Uni- 
versity of California, San Diego, 1972-73. 

Kevin C. Sontheimer, State University of New York, 
Buffalo: visiting associate professor of mathematical 
economics, Naval Postgraduate School, 1973. 

Charles Stokes, University of .Bridgeport: General 
Accounting Office, Washington. 

P. A. V. B. Swamy, Ohio State University: consultant 
with the Board of Governors, Federal Reserve System, 


. Washington. 


Richard $. Thorn, University of Pittsburgh: visiting 
professor, University of Aix-Marseille, Oct. 1972; Uni- 
versity of Paris, Feb. 1973. 

Sue Van Atta, California State University, San Jose: 
School of Business, University of California, Berkeley, 
Sept. 1, 1972. 

Barbara 5. Zoloth, Emory University: Fellow, Brook- 
ings Institution, 1972-73. 


Resignations 


Kirk Blackerby, California State University, San 
Jose, June 30, 1972. 

Arthur E. Gandolfi, Federal Reserve Bank of New 
York: First National City Bank. 

Donald M. Lamberton, Case Western Reserve Uni- 
versity: University of Queensland, Jan. 1973. 

David R. Miller, Syracuse University: Barton-Asch- 
man Associates, Chicago, Sept. 1972. 

Nw L. Moomaw, University of Virginia, June 30, 
1972, 

David V. Pritchett, Federal Reserve Bank of New 
York: First National City Bank. 

Rachel Strauber, Federal Reserve Bank of New York. 

James B. Thornblade, Syracuse University: First Na- 
tional Bank of Boston, Sept. 1972. 

Peter G. Van der Spek, Federal Reserve Bank of New 
York: Overseas Business Expansion. 
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Modern. Economic Growth: Findings 


J 


I. Definitions 


A country’s economic growth may be de- | 


_ fined as a long-term rise in capacity to sup- 
` ply increasingly diverse economic goods to 


its population, this growing capacity based | 


on advancing technology and the institu- 


tional and ideological adjustments that it - 


demands. All three components of the defi- 
_nition are important. The sustained rise in 
the supply of goods is the result of economic 
growth, by which it is identified. Some 
small countries can provide increasing in- 
come to their populations because they 
happen to possess a’ resource (minerals, 
location, etc.) exploitable by more de- 
veloped nations, that yields a large and in- 
creasing rent. Despite intriguing analytical 
problems that these few fortunate coun- 
tries raise, we are interested here only in 
the nations that derive abundance by using 
advanced contemporary technology—not 
by selling fortuitous gifts of nature to 
others. Advancing technology is the per- 
missive source of economic growth, butitis 
only a potential, a necessary condition, in 
itself not sufficient. If technology is to be 
employed efficiently and widely, and, in- 
deed, if its own progress is to be stimulated 
by such use, institutional and ideological 
adjustments must be made to effect the 
proper use of innovations generated by the 
advancing stock of human knowledge. To 

* Harvard University. This article is the lecture he 
delivered in Stockholm, Sweden, December 1971, when 


he received the Nobel Prize in Economic Science. The 
article is copyright © the Nobel Foundation 1972. It is 


published here with the permission of the Nobel Foun- ` 


dation, and is included in the volume of Les Prix Nobel 
en 1971. 


247 


and Reflections 


By Siuon Kuznets* 


cite examples from modern economic 
growth: steam and electric power and the 


` large-scale plants needed to expldt them 


are not compatible with family enerprise, 
illiteracy, or slavery—all of which pre- 
vailed in earlier. times over much of even 
the developed world, and had tc be re- 
placed by more appropriate institutions 
and social views. Nor is modern tecanology 
compatible with the rural mode of life, the 
large and extended family pattern, and 
veneration of undisturbed nature. 

The source of technological progress, 
the particular production sectors that it 
affected most, and the pace at which it and 
economic growth advanced, differed over 
centuries and among regions of the world; 
and so did the institutional and ideological 
adjustments in their interplay with the 
technological changes introduced into and 
diffused through the growing eccnomies. 
The major breakthroughs in the advance 
of human knowledge, those that consti- 
tuted dominant sources of ststained 
growth over long periods and spread to a 
substantial part of the world, may be 
termed epochal innovations. And the 
changing course of economic history can 
perhaps be subdivided into economic 
epochs, each identified by the epockal inno- 
vation with. the distinctive characteristics 


of growth that it generated.) Without con- 


sidering the feasibility of identifying and 
dating such economic epochs, we may pro- 
ceed on the working assumpticn that 
modern economic growth represents such a 


1 For a discussion of the economic epoch ccncept, see 
Kuznets (1966), pp. 1-16. 
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distinct epoch—growth dating back to the 
late eighteenth century and limited (except 
in significant partial effects) to economi- 
cally developed countries. These countries, 
so classified because they have managed to 
take adequate advantage of the potential 
of modern technology, include most of 
Europe, the overseas offshoots of Western 
Europe, and Japan—barely one quarter of 
world population.’ This paper will focus on 
modern economic growth, but with obvi- 
ously needed attention to its worldwide 
impact. . 
Limitations of space prevent the presen 
tation of a documented summary of the 
quantitative characteristics commonly ob- 
served in the growth of the presently de- 
veloped countries, characteristics different 
from those of economic growth in earlier 
epochs. However, some of them are listed, 


because they contribute to our under-. 


standing of the distinctive problems of 
economic life in the world today. While the 
list is selective and is open to charges of 
omission, it includes those observed and 
empirically testable characteristics that 
lead back to some basic factors and condi- 
tions, which can only be glimpsed and con- 
jectured, and forward to some implications 
that have so far eluded measurement. 


II. The Six Characteristics 


Six characteristics of modern economic 
growth have emerged in the analysis based 
on conventional measures of national prod- 
uct and its components, population, labor 
force, and the like. First and most obvious 
are the high rates of growth of per capita 
product and of population in the developed 
countries—both large multiples of the pre- 
vious rates observable in these countries 
and of those in the rest of the world, at 


2 For a recent classification identifying the non-Com- 
munist developed countries, see United Nations Year- 
beok, notes to Table 5, p. 156. These classifications vary 
from time tc time, and differ somewhat from those of 
other international agencies. 
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least until the recent decade or two.’ Sec- 
ond, the rate of rise in productivity, i.e., of 
output per unit of all inputs, is high, even 
when we include,among inputs other fac- 
tors in addition to labor, the major produc- 
tive factor—and here too the rate is a 
large multiple of the rate in the past.* 
Third, the rate of structural transforma- 
tion of the economy is high. Major aspects 
of structural change include the shift away 
from agriculture to nonagricultural pur- 
suits and, recently, away from industry to 
services; a change in the scale of produc- 
tive units, and a related shift from personal 
enterprise to impersonal organization of 
economic firms, with a corresponding 
change in the occupational status of labor.® 


3 For the non-Communist developed countries, the 
rates cf growth per year over the period of modern eco- 
nomic growth, were almost 2 percent for product per 
capita, 1 percent for population, and 3 percent for total 
product. These rates—which mean roughiy'a multipli- 
cation over a century by five for product per capita, by 
three for population, and by more than fifteen for total 
product—were far greater than premodern rates. The 
latter can only be conjecturec, but reasonable estimates 
for Western Europe over the long period from the early 
Middle Ages to the mid-nineteenth century suggest that 
the mocera rate of growth is about ten times as high for 
product per capita (see Kuznets (1971), pp. 10-27). 
A similar tomparison for population, either for Europe 


' or for the area of European settlement (i.e., Europe, the 


Americas, and Oceania), relating to 1850-1960, as com- 
pared with 1000-1850, suggests a multiple of 4 or 5 to 1 
(see Kuznets (1956, Tables 2.1 and 2.2, pp. 35 and 38). 
The implied acceleration in the growth rate of total 
product is between forty and fifty times. 

1 Using zhe conventional national economic accounts, 
we find that the rate of increase in productivity is large 
enough to account (in the statistical sense) for almost 
the entire growth cf product per capita. Even with 
adjustments to allow for hidden costs and irputs, growth 
in productivity accounts for over half of the growth in 
product per capita ‘see Kuznets (1971), pr. 51-75, par- 
ticularly Table 9, p. 74; and Table 11, p. 93).. 

ë ‘The ravidity of structural shifts in modern times can 
be easily Llustrated by the changes in the distribution 
of the labor force between agriculture (and related in- 
dustries) end the nonagricultural production sectors. 
In the Un:ted States, the share of labor force attached 
to the agricultural sector was still 53.5 percent in 1870 
and declined to less than 7 percent in 1960. In an old 
European country like Belgium, the share of agriculture 
in the laber force, 51 percent in 1846, drcpped to 12.5 
percent in 1947 anc further to 7.5 percent in 1961 (see 
Bairoch etal., Tables D-4 and C-4). Considering that it 
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Shifts in several other aspects of economic 
structure could be added (in the structure 
of consumption, in the relative shares of 
domestic and foreign supplies, etc.). Fourth, 
the closely related and extremely impor- 
tant structures of society and its ideology 
have also changed rapidly. Urbanization 
and secularization come easily to mind as 
components of what sociologists term the 
process of modernization. Fifth, the eco- 
nomically developed countries, by means 
of the increased power of technology, par- 
ticularly in transport and communication 
(both peaceful and warlike), have the 
propensity to reach out to the rest of the 
world—thus making for one world in’ the 
sense in which this was not true in any pre- 
modern epoch.® Sixth, the spread of mod- 
ern economic growth, despite its worldwide 
partial effects, is limited in that the eco- 
nomic performance in countries accounting 
for three-quarters of world population still 


falls far short of the minimum levels feasi- - 


ble with the potential of modern tech- 
nology.’ 

This brief summary of two quantitative 
characteristics of modern economic growth 
that relate to aggregete rates, two that 
relate to structural transformation, and 
two that relate to international spread, 
supports our working assumption that 
modern economic growth marks a distinct 
economic epoch. If the rates of aggregate 





took centuries for the share of the agricultural sector 
in the labor force to decline to 50 percent in any sizable 
country (i.e., excluding small “city enclaves”), a drop of 
30 to 40 percentage points in the course of a single cen- 
tury is a strikingly fast structural change. 

¢ The outward expansion of developed countries, with 
their European origin, goes back to long before modern 
economic growth, indeed, back to the Crusades. But the 
much augmented transportation and communication 
power of developed countries in the nineteenth century 
permitted a much greater and more direct political 
dominance over the colonies, tne “opening up” of previ- 
ously closed areas (such as Japan), and the “partition” 
of previously undivided areas (such as sub-Saharan 
Africa). 

T For further discussion see Section IV below, which 
deals with the less developed countries. 
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growth and the speed of structural trans- 
formation in the economic, institutional, 
and perhaps even in the ideological, frame- 
work are so much higher than in the past 
as to represent a revolutionary accelera- 
tion, and if the various regions of the 
world are for the first time in history so 
closely interrelated as to be one, some new 
major growth source, some new epochal 
innovation, must have generated these 
radically different patterns. And one may 
argue that this source is the emergence of 
modern science as the basis of advancing 
technology—-a breakthrough in the evolu- 
tion of science that produced a potential 
for technology far greater than existed pre- 
viously. . 

Yet ‘modern growth continues many 
older trends, if in greatly accelerated form. 
This continuity is important particularly 


when we find that, except for Japan and 


possibly Russia, all presently developed 
countries were well in advance of the rest 
of the world before their modern growth 
and industrialization began, enjoying a 
comparative advantage produced by pre- 


. modern trends. It is also important be- 


cause it emphasizes that distinction among 
economic epochs is a complicated intellec- 
tual choice and that the continuation of 
past trends and their changing patterns 
over time are subjects deserving the closest 
attention. Does the acceleration in growth 
of product and productivity in many de- 
veloped countries in the last two decades 
reflect a mejor change in the potential 
provided by science-oriented technology, 
or a major change in the capacity of soci- 
eties to catch up with that potential? Is it 
a way of recouping the loss in standing, 
relative to such a leader as the United 
States, that was incurred during the de- 
pression of the 1930’s and World War II? 
Or, finally, is it merely a reflection of the 
temporarily favorable climate of the U.S. 
international policies? Is the expansion 
into space a continuation of the old trend 
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` of reaching out by the developed countries, 
or is it a precursor of a new economic 
epoch? These questions are clearly illus- 
trative, but they hint at broader analytical 
problems suggested by the observation of 
modern economic growth as a distinct 
epoch. 

The six characteristics noted are inter- 
related, and the interrelations among them 
are most significant. With the rather stable 
ratio of labor force to total population, a 
` high rate of increase in per capita product 
means 2 high rate of increase in product 
per worker; and, with average hours of 
work declining, it means still higher growth 
rates in product per man-hour. Even if we 
allow fer the impressive accumulation of 
capital, in its widest sense, the growth rate 
of productivity is high, and, indeed, mir- 
rors the great rise in per capita product 
and in per capita pure consumption. Since 
the latter reflects the realized effects of 
advancing technology, rapid changes in 
production structure are inevitable—given 
the differential impact of technological 
innovations on the several production 
sectors, the differing income elasticity of 
domestic demand for various consumer 
goods, and the changing comparative ad- 
vantage in foreign trade. As already indi- 
cated, advancing technology changes the 
scale of production plants and the charac- 
_ ter of the economic enterprise units. Con- 
sequently, effective participation in the 
modern economic system by the labor 
force necessitates rapid changes in its loca- 
tion and structure, in the relations among 
occupational status groups, and even in 
the relations between labor force and total 
population (the last, however, within nar- 
row overall limits). Thus, not only are high 
aggregate growth rates associated with 
rapid changes in economic structure, but 
the latter are also associated with rapid 
changes in other aspects of society—in 
family formation, in urbanization, in 
man’s views on his role and the measure of 
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his acalevement in society. The dynamic 
drives of modern economic growth, in the 
countries that entered the process ahead 
of others, meant a reaching out geographi- 
cally; and the sequential spread of the 
process, facilitated by major changes in 
transport and communication, meant a 
continuous expansion to the less developed 
areas, At the same time, the difficulty of 
making the institutional and ideological 
transformations needed to convert the new 
large potential of modern technology into 
economic growth in the relatively short 
period since the late eighteenth century 
limited the spread of the system. More- 
over, obstacles to such transformation 
were, and still are being, imposed on the 
less developed regions by the policies of the 
develcped countries. 

If the characteristics of modern eco- 
nomic growth are interrelated, in that one 
induces another in a cause and effect se- 
quenc2 or all are concurrent effects of a 
common set of uncerlying factors, another 
plausible and significant link should be 
noted Mass application of technological 
innovations, which constitutes much of the 
distinctive substance of modern economic 
growta, is closely connected with the fur- 
ther progress of science, in its turn the 
basis for additional advance in technology. 
While this topic is still to be studied in 
depth, it seems fairly clear that mass-uses 
of technical innovations (many based on 
recent scientific discoveries) provide a 
positive feedback. Not only co they pro- 
vide a larger economic surplus for basic 
and applied research with long time leads 
and heavy capital demands, but, more 
specifically, they permit the development 
of new efficient tools for scientific use and 
supply new data on the behavior of natural 
processes under the stress of modification 
in economic production. In other words, 
many production plants -ir developed 
countries can be viewed as laboratories for 
the exploration of natural processes and as 
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centers of research on new tools, both of 
which are of immense service to basic and 
applied research in science and technology. 
It is no accident that the last two cen- 
turies were also periods of enormous ac- 
celeration in the contribution to the stock 
of useful knowledge by basic and applied 
research—which provided additional stim- 
uli to new technological innovations. Thus, 
modern economic growth reflects an inter- 
relation that sustains the high rate of ad- 
vance through the feedback from mass 
applications to further knowledge. And 
unless some obstacles intervene, it pro- 
vides a mechanism for self-sustaining tech- 
nological advance, to which, given the 
wide expanse of the universe (relative to 
mankind on this planet), there are no 
obvious proximate limits. 


III. Some Implications? 


I turn now to a brief discussion of some 
social implications, of some effects of mod- 
ern economic growth on conditions of life 
of various population groups in the coun- 
tries affected. Many of these effects are of 
particular interest, because they are not 
reflected in the current measures of eco- 
nomic growth; and the increasing realiza- 
tion of this shortcoming of the measures 
has stimulated lively discussion of the 
limits and limitations of economic mea- 
surement of economic growth. 

‘The effects on conditions of life stem 
partly from the major role of technological 
innovations in modern economic growth, 
and partly from the rapid shifts in the 
underlying production structure. To begin 
with the latter, the major effects of which, 
for example, urbanization, internal migra- 
tion, shift to employee status and what 


3 Many of the points touched upon in this section are 
discussed in greater detail in Kuznets (1971), particu- 
larly in ch. 2, pp. 75-98, which deals with the noncon- 
ventional costs of economic growth, and ch. 7, pp. 314- 
54, which deals with various interrelations between ag- 
gregate change and structural shifts in economic and 
other aspects of social structure. 
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might be called the merit basis of job 
choice, have already been noted as charac- 
teristics of modern economic growth. Two 
important groups of effects of this rapid 
transformation of economic structure de- 
serve explicit reference. 

First, the changes in conditions of life 
suggested by “urbanization” clearly in- 
volved a variety of costs and returns that 
are not now included in economic measure- 
ment, and some of which may never be 
susceptible to measurement. Internal mi- 
gration, from the countryside to the cities 
(within a country, and often international) 
represented substantial costs in the pulling 
up of roots and the adjustment to the 
anonymity and higher costs of urban liv- 
ing. The learning of new skills and the 
declining value of previously acquired 
skills was clearly a costly process—to both 
the individuals and to society. But if such 
costs were omitted from measurement, as 
they still are in conventional accounts, so 
were some returns. Urban life, with its 
denser population, provided amenities and 
spiritual goods that were not available in 
the “dull and brutish” life of the country- 
side; and the new skills, once learned, were 
often a more adequate basis for a richer 
life than the old. This comment on the 
hidden costs and returns involved in the 
shift toward urban life may apply to many 
other costs and returns involved in other 
shifts imposed by economic growth, for 
example, in the character of participation 
in economic activity, in the social values, 
and in the new pressures on deviant mem- - 
bers of society. 

' The second intriguing aspect of struc- 
tural change is that it represents shifts in 
the relative shares in the economy of the 
specific population groups attached to 
particular production sectors. Since eco- 
nomic engagement represents a dominant 
influence in the life of people, the shift in 
the share of a specific sector, with its dis- 
tinctive characteristics and even mode of 
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life, affects the population group engaged 
in it. Economic growth perforce brings 
about a decline in the relative position, of 
one group after another—of farmers, of 
small scale producers, of landowners—a 
change not easily accepted, and, in fact, as 
history teaches us, often resisted. The con- 
tinuous disturbance of preexisting relative 
position of the several economic groups is 
pregnant with conflict—despite the rises in 
absolute income or product common to all 
groups. In some cases, these conflicts did 
break out into overt civil war, the Civil 
War in the United States being a conspicu- 
ous example. Other examples, in the early 
periods of industrialization among the cur- 
rently developed countries, or, for that 
matter, more recently within some less 
developed countries, are not lacking. 
Only if such conflicts are resolved with- 
out excessive costs, and certainly without 
a long-term weakening of the political 
fabric of the society, is modern economic 
growth possible. The sovereign state, with 
authority based on loyalty and on a com- 
munity of feeling—in short, the modern 
national state—plays a crucial role in 
peacefully resolving such growth-induced 
conflicts. But this and other services of the 
national state may -be costly in various 
ways, of which intensified nationalism is 
one and other effects are too familiar to 
mention. The records of many developed 
countries reveal examples of resolutions of 
growth conflicts, of payments for over- 
coming resistance and obstacles to growth, 
that left burdensome heritages for the fol- 
lowing generations (notably in Germany 
and Japan). Of course, this is not the only 
economic function of the state; it can also 
stimulate growth and structural change. 
And, to mention a closely related service, 
it can referee, select, or discard legal and 
institutional innovations that are proposed 
in the attempt to organize and channel 
effectively the new production potential- 
ities. This, too, is a matter that may gen- 
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erate conflicts, since different legal and 
institutional arrangements may have dif- 
ferent effects on the several economic 
groups in society. 

In that modern economic growth has to 
contenc with the resolution of incipient 
conflicts continuously generated by rapid 
changes in economic and social structure, 
it may be described as a process of con- 
trolled -evolution. The succession of tech- 
nological innovations characteristic of 
modern economic growth and the social 
innovations that provide the needed ad- 
justmerts are major factors affecting eco- 
nomic end social structure. But these in- 
novations have other effects that deserve 
explicit mention; and while they. are dis- 
cussed below in terms of effects of techno- 
logical innovations, the conclusions apply 
pari passu to innovations in legal forms, in 
institutional structure, and even in ide- 
ology. 

A tecanological innovation, particularly 
one based on a recent major invention, 
represents a venture into the partly un- 
known, something not fully known until 
the mass spread of the innovation reveals 
the full range of direct and related effects. 
An invention is a major one if it provides 
the. basis for extensive applications and 
improvements (for example, the stationary 
steam engine in the form attributable 
mostly to James Watt). Its cumulative 
effects, all new, extend over a long period 
and result in an enormous transformation 
of econcmic production and of production 
relaticns. But these new effects can hardly 
be fully anticipated or properly evaluated 
in advance (and sometimes not even post 
facto). This is true also of electric power, 
the internal combustion engine, atomic 
energy, the application of short rays to 
communication and computation, the in- 
ventions resulting in such new industrial 
materials as steel, aluminum, and plastics, 
and sc cn through a long list that marked 
modern economic growth. Even when the - 
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technological innovation is an adaptation 
of a known technique by a follower coun- 
try, the results may not be fully foresee- 
able, for they represent the combination of 
something known, the technology, with 
something new, an institutional and ideo- 
logical framework with which it has not 
previously been combined. Needless to 
say, the element of the uniquely new, of 
exploration into the unknown, was also 
prominent in premodern times, since inno- 


vations in knowledge and technology are 


the prerequisites for any significant growth. 
But the rate of succession of such innova- 
tions was clearly more rapid in modern 
economic growth, and provided the base 
for a higher rate of aggregate growth. 
The effects of such ventures into the 
new and partly unknown are numerous. 
Those of most interest here are the sur- 
prises, the unexpected results, which may 
be positive or negative. An invention or 
innovation may prove far more produc- 
tive, and induce a far wider, mass applica- 
tion and many more cumulative improve- 


ments than were dreamed of by the in- 


. ventor and the pioneer group of entrepre- 
neurs. Or the mass application of a major 
invention may produce unexpected dis- 
~ economies of a scale that could hardly be 
foreseen in the early phases of its diffusion. 
Examples of both positive and negative 
surprises abound. Many Schumpeterian 
entrepreneurs failed to grasp, by a wide 
margin, the full scope and significance of 
the innovations that they were promoting 
and that eventually brought them fame 
and fortune. And most of us can point at 
the unexpected negative effects of some 
technological or social invention that first 
appeared to be an unlimited blessing. 
The significant aspect here is that the 
surprises cannot be viewed as accidents: 
they are inherent in the process of techno- 
logical (and social) innovation in that it 
contains an element of the unknown. Fur- 
thermore, the diffusion of a major innova- 


KUZNETS: MODERN ECONOMIC GROWTH | 253 


tion is a long and complicated sequence 
that cannot be accurately forecast, with an 


initial economic effect that may generate 
__ responses in other processes. These will, in 


turn, change the conditions under which 
the innovation exercises its effect on hu- 
man welfare, and raise further problems of 
adjustment. To illustrate: we can today 
follow easily the sequence from the intro- 
duction of the passenger car as a mass — 
means of transportation, to the growth of 


‘the suburbs, to the movement of the more 


affluent from the city centers, to the con- 
centration of lower income recipients and 
unemployed immigrants in the slums of 
the inner city core, to the acute urban 
problems, financial and other, and to the 
trend toward metropolitan consolidation. 


But the nature and implications of this 


sequence were certainly not apparent in 
the 1920’s, when passenger cars began 
their mass service function in the United 
States. 

Indeed, to push this speculative line 
further, one can argue that all economic 
growth brings some unexpected results in 
its wake, positive as well as negative, with 
the latter taking on greater importance as 
the mass effects of major innovations are 
felt and the needs that they are meant to 
satisfy are met. If the argument is valid, 
modern economic growth, with the rapid 
succession of innovations and shortening 
period of their mass diffusion, must be ac- 
companied by a relatively high incidence 
of negative effects. Yet one must not forget 
that premodern economic growth had simi- 
lar problems, which, with the weaker tech- 
nology, may have loomed even larger. 
Even if we disregard the threatening ex- 
haustion cf natural resources, a problem 
that so concerned Classical (and implicitly. 
even Marxian) economics, and consider 
only early urbanization, one major nega- 
tive effect was the significant rise in death 
rates as population moved from the more 
salubrious countryside to the infection- 
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prone denser conditions of unsanitary 
cities. Two points are relevant here. First, 
the negative effects of growth have never 
been viewed as so far outweighing its posi- 
tive contribution as to lead to its renuncia- 
tlon—no matter how crude the underlying 
calculus may have been. Second, one may 
assume that once an unexpected negative 
result of growth emerges, the potential of 
material and social technology is aimed at 
its reduction or removal. In many cases 
these negative results were allowed to ac- 
_ cumulate and to become serious techno- 
logical or social problems because it was 
_ so difficult to foresee them early enough in 
the process to take effective preventive or 
ameliorative action. Even when such ac- 
tion was initiated, there may have been 
delay in the effective technological or 
policy solution. Still, one may justifiably 
argue, in the light of the history of eco- 
nomic growth, in which a succession of 
such unexpected negative results has been 
overcome, that any specific problem so 
generated will be temporary—although we 
shall never be free of them, no matter what 
economic development is attained. 


IV. The Less Developed Countries 


Two major groups of factors appear to 
have limited the spread of modern eco- 
nomic growth. First, as already suggested, 
such growth demands a stable, but flexible, 
political and social framework, capable of 
accommodating rapid structural change 
and resolving the conflicts that it gener- 
‘ates, while encouraging the growth-pro- 
moting groups in society. Such a frame- 
work is not easily or rapidly attained, as 
evidenced by the long struggles toward it 
even in some of the presently developed 
countries İn the nineteenth and early twen- 
tieth centuries. Japan is the only nation 
outside of those rooted in European civi- 
lization that has joined the group of devel- 
oped countries so far. Emergence of a mod- 
ern framework for economic growth may 
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be especially difficult if it involves ele- 
ments peculiar to European civilization for 
which substitutes are not easily found. 
Second, the increasingly national cast of 
organization in developed countries made 
for policies toward other parts of the world 
that, waile introducing some modern eco- 
nomic and social elements, were, in many 
areas, clearly inhibiting. These policies 
ranged from the imposition of colonial 
status to other limitations on political 
freedom, and, as a result, political inde- 
pendence and removal of the inferior status 
of the native members of the community, 


rather than economic advance, were given 


top pricrity. 

‘Whatever the weight of the several 
factors in explaining the failure of the less 
develop2d countries to take advantage of 
the potential of modern economic growth, 
a topic that, in its range from imperialist 
explcitation to backwardness of the native 
economic and social framework, lends it- 
self to passionate and biased polemic, the 
factual findings are clear. At present, 
about two-thirds or more of world popula- 
tion is in the economically less developed 
group. =ven more significant is the con- 
centration of the population at the low end 
of the product per capita range. In 1965, 
the las: year for which we have worldwide 
compareble product estimates, the per 
capita CDP (at market prices) of 1.72 bil- 
lion out of a world total of 3.27 billion, 
was less than $120, whereas 0.86 billion in 
economically developed countries had a 
per capita product of some $1900. Even 
with this narrow definition of less devel- 
oped ccuntries, the intermediate group was 
less than 0.7 billicn, or less than 20 percent 
of wor:d population.? The preponderant 


® The urderlying data are from Everett Hagen and 


` Oli Hawry_yshyn. These are primarily from United Na- 


tions publications, supplemented by some auxiliary 
sources (mostly for the Communist countries), and use 
conventicnal conversion rates to U.S. dollars in 1965. 
The esiimetes for the Communist countries have been 
adjusted to conform to the international GDP concept. 
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population was thus divided between the 
very low and the rather high level of per 
capita economic performance. Obviously, 
this aspect of modern economic growth 
deserves our greatest attention, and the 
fact that the quantitative data and our 
knowledge of the institutional structures of 
the less developed countries are, at the 
moment, far more limited than our knowl- 
edge of the developed areas, is not reason 
enough for us to ignore it. 

Several preliminary findings, or rather 
plausible impressions, may be noted. First, 
the group of less developed countries, par- 
ticularly if we widen it (as we should) to 
include those with a per capita product 
somewhat larger than $120 (in 1965 prices), 
covers an extremely wide range in size, in 
the relations between population and nat- 
ural resources, in major inherited institu- 
tions, and in the past impact upon them 
of the developed courtries (coming as it 
did at different times and from different 
sources). There is a striking contrast, for 
example, in terms of population size, be- 
tween the giants like Mainland China and 
India, on the one hand, and the scores of 
tiny states in Africa and Latin America; as 
there is between the timing of direct West- 
ern impact on Africa and of that on many 
countries in Latin America. Furthermore, 
the remarkable institutions by which the 
Sinic and East Indian civilizations pro- 
duced the unified, huge societies that 
dwarfed in size any that originated in 
Europe until recently. bore little resem- 
blance to those that structured the Ameri- 
can Indian societies or zhose that fashioned 
the numerous tribal sozieties of Africa. 

Generalizations about less developed 
countries must be carefully and critically 
scrutinized in the light of this wide variety 


The develoved countries include most countries with 
per capita GDP of $1000 or mere and Japan, but exclude 
those small countries with a high GDP per capita that is 
due to exceptional natural endowments (for example, 
Netherlands Antilles, Puerto Rico, Kuwait, and Qatar). 
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of conditions and institutions. To be sure, 
their common failure to exploit the poten- 
tial of modern economic growth means 
several specific common features: a low per 
capita product, a large share of agriculture 
or other extractive industries, a generally 
small scale of production. But the specific 
parameters differ widely, and because the 
obstacles to growth may differ critically in 
their substance, they may suggest different 
policy directions. 

Second, the growth position of the less 
developed countries today is significantly 
different, in many respects, from that of. 
the presently developed countries on the 
eve of their entry into modern economic 
growth (with the possible exception of 
Japan, and one cannot be sure even of 
that). The less developed areas that ac- 
count for the largest part of the world pop- 
lation today are at much lower per capita 
product levels than were the developed | 
countries just before their industrializa- 
tion; and the latter at that time were eco- 
nomically in advance of the rest of the 
world, not at the low end of the per capita 
product range. The very magnitudes, as 
well as some of the basic conditions, are 
quite different: no country that entered 
modern economic growth (except Russia) 
approached the size, of India or China, or 
even of Pakistan and Indonesia; and no 
currently developed country had to adjust _ 
to the very high rates of natural increase 
of population that have characterized 
many less developed countries over the 
last two or three decades. Particularly be- 
fore World War I, the older European 
countries, and to some extent even Japan, 
relieved some strains of industrialization 
by substantial emigration of the displaced 
population to areas with more favorable 
opportunities—an aventie closed to the 
populous less developed countries today. 
Of course, the stock of material and social 
technology that can be tapped by less de- 
veloped countries today is enormously 
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larger than that available in the nineteenth 
and even early twentieth centuries. But it 


is precisely this combination of greater 


backwardness and seemingly greater back- 
log of technology that makes for the sig- 
nificant differences between the growth 
position of the less developed countries 
today and that of the developed countries 
when they were entering the modern eco- 
nomic growth process. 

Finally, it may well be that, despite the 
tremendous.accumulation of material and 
social technology, the stock of innovations 
most suitable to the needs of the less devel- 
oped countries is not too abundant. Even 
if one were to argue that progress in basic 
science may not be closely tied to the tech- 
nological needs of the country of origin 
(and even that may be disputed), unques- 
tionably the applied advances, the inven- 
tions and tools, are a response to the spe- 
cific needs of the country within which 
they originate. This was certainly true of 
several major inventions associated with 
the Industrial Revolution in England, and 
illustrations abound of necessity as the 
mother, of invention. To the extent that 
this is true, and that the conditions of pro- 
duction in the developed countries differed 
greatly from those in the populous less 
developed countries today, the material 
technology evolved in the developed coun- 
tries may not supply the needed innova- 
tions. Nor is the social technology that 


evolved in the developed countries likely - 


to provide models of institutions or ar- 
rangements suitable to the diverse institu- 
tional and population-size backgrounds of 
many less developed countries. Thus, mod- 
ern technology with its emphasis on labor- 
saving inventions may not be suited to 
countries with a plethora of labor but a 
scarcity of other factors, such as land and 
water; and modern institutions, with their 
emphasis on personal responsibility and 
pursuit of economic interest, may not be 
suited to the more traditional life patterns 
of the agricultural communities that pre- 
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dominate in many less developed coun- 
tries: These comments should not be inter- 
pretec as denying the value of many trans- 
ferable parts of modern technology; they 
are merely intended to stress the possible 
shortage of material and social tools spe- 
cifical:y fitted to the different needs of the 
less Ceveloped countries. 

If tne observations just made are valid. 


several implications for the growth prob- 


lems of the less developed countries follow. 
I hesitate to formulate them explicitly 
since the data and the stock of knowledge 
on which the observations rest are limited 
But az least one implication is sufficiently 
intriguing, and seems to be illuminating ol 
many recent events in the field, to warrant 
a brizi note. It is that a substantial eco- 
nomic advance in the less developed coun- 
tries may require modifications in the 
availaale stock of material technology, and 
probably even greater innovations in polit- 
ical and social structure. It will not be a 
matte: of merely borrowing existing tools. 
material and social; or of directly applying 
past patterns of growth, merely allowing 
for the difference in parameters. 

The innovational requirements are likely 
to be particularly great in the social anc 
political structures. The rather violent 
changes in these structures that occurred 
in those countries that have forged ahead 
with Lighly forced industrialization under 
Communist auspices, the pioneer entry 
going back over forty years (beginning 
with tne first Five-Year Planin the USSR), 
are conspicuous illustrations of the kind of 
socia. invention and innovation that may 
be involved. And the variants even ol 
Communist organization, let alone those oi 
demccracy and of non-Communist author. 
itariarism, are familiar. It would be ar 
oversimplification to argue that these in 
novazions in the social and political struc- 
tures were made primarily in response tc 
the strain between economic backwardness 
and the potential of modern economic 
growth; or to claim that they were inexor- 
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able effects of antecedent history. But to 
whatever the struggle for political and 
social organization is a response, once it 
has been resolved, the results shape sig- 
nificantly the conditions under which eco- 
nomic growth can occur. It seems highly 
probable that a long period of experimen- 
tation and struggle toward a viable politi- 
cal framework compatible with adequate 
economic growth lies ahead for most less 
developed countries of today; and this 
process will become more intensive and 
acute as the perceived gap widens between 
what has been attained and what is attain- 
able with modern economic growth. While 
an economist can argue that some aspects 
of growth must be present because they are 
indispensable components (i.e., industriali- 
zation, large scale of production, etc.), 
even their parameters are bound to be 
variable; and many specific characteristics 
will be so dependent upon the outcome of 
the social and political innovations that 
extrapolation from the past is extremely 
hazardous. 


V. Concluding Comments 


The aim of the discussion was to sketch 
the major characteristics of modern eco- 
nomic growth, and to note some of the 
implications that the empirical study of 
economic growth of nations suggests. This 
study goes back to the beginning of our 
discipline, as indicated by the title of 
Adam Smith’s founding treatise, Wealth of 


Nations, which could as well have been 


called the Economic Growth of Nations. 
But the quantitative base and interest in 
economic growth have widened greatly in 
the last three to four decades, and the ac- 
cumulated results of past study of eco- 
nomic history and of past economic analy- 
sis could be combined with the richer stock 
of quantitative data to advance the em- 
pirical study of the process. The sketch 
above draws upon the results of many and 
widely varied studies in many countries, 
most of them economically developed; and 
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the discussion reflects a wide collective 
effort, however individual some of my 
interpretations may be. 

The most distinctive feature of modern 
economic growth is the combination of a 
high rate of aggregate growth with dis- 
rupting effects and new “problems.” The 
high rate of growth is sustained by the 
interplay between mass applications of 
technological innovations based on addi- 
tions to the stock of knowledge and further 
additions to that stock. The disrupting 
effects are those imposed by the rapid rate 
of change in economic and social structure. 
The problems are the unexpected and un- 
foreseeable results of the spread of inno- 
vations (with emphasis on the new and 
unknown indicated by that term). Added 
to this is the range of problems raised by 
the slow spread of economic growth to the 
less developed countries, all of which have 
a long history, separate and relatively iso- 
lated from the areas within which modern 
economic growth originated. Thus, con- 
current with the remarkable positive 
achievements of modern economic growth 
are unexpected negative results even 
within the developed countries; while the 
less developed countries are struggling in 
the attempt to use the large potential of 
modern technology in order to assume an 
adequate role in the one and interdepen- 
dent world (from which they cannot with- 
draw even if they wished to do sc). 

We have stressed the problem aspects of 
modern economic growth because they 
indicate the directions of further research 
in the field. These aspects, the “surprises” 
and the implicit explanatory “puzzles,” 
are problems not only in the sense of de- 
partures from the desirable (that may call 
for policy amelioration) but also in the 
sense that our quantitative data and par- 
ticularly our analytical hypotheses do not 
provide us with a full view and explana- 
tion. As already noted, the conventional 
measures of national product and its com- 
ponents do not reflect many costs of ad- 
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justment in the economic and social struc- 
tures to the channeling of major techno- 
logical innovations; and, indeed, also omit 
some positive returns. The earlier theory 
that underlies these measures defined the 
productive factors in a relatively narrow 
way, and left the rise in productivity as an 
unexplained gap, as a measure of our ignor- 
ance. This shortcoming of the theory in 
confrontation with the new findings, has 
led to a lively discussion in the field in re- 
cent years, and to attempts to expand the 
national accounting framework to encom- 
pass the so far hidden but clearly impor- 
tant costs, for example, in education as 
capital investment, in the shift to urban 
life, or in the pollution and other negative 
_ results of mass production. These efforts 
will also uncover some so far unmeasured 
positive returns—in the way of greater 
health and longevity, greater mobility, 
more leisure, less Income inequality, and 
the like. The related efforts to include the 
additions to knowledge in the framework 
of economic analysis, the greater attention 
to the uses of time and to the household as 
the focus of economic decision not only on 
consumption but also on investment, are 
steps in the same direction. It seems fairly 
clear that a number of analytical and mea- 
surement problems remain in the theory 
and in the evaluation of economic growth 
in the developed countries themselves; and 
that’ one may look forward to major 
changes in some aspects of the analysis, in 
national economic accounting, and in the 
stock of empirical findings, which will oc- 
cupy economists in the developed countries 
in the vears ahead. 

For the less developed countries the 
_ tasks of economic research are somewhat 
different: the great need is for a wider sup- 
ply of tested data, which means essentially 
data that have been scrutinized in the pro- 
cess of use for economic analysis. As al- 
ready noted, the stock of data and of eco- 
nomic analysis is far poorer for these 
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countries than that for the developed 
countries—a parallel to the smaller relative 
supply cf material capital. Yet in recent 
years there has been rapid accumulation 
of data for many less developed areas, 
other than those that, like Mainland 
China, view data as information useful to 
their enemies (external or internal) and are 
therefore either not revealed by govern- 
ment or possibly not even collected. The 
lag has been in the analysis of these data 
by economists and other social science 
scholars, because of the scarcity of such 
scholars who cannot be spared for research 
within the less developed countries them- 
selves and because of the natural preoccu- 
pation cf economists inthe developed 
countries with the problems of their own 
countries. One may hope, but with limited 
expectations, that the task of refining 
analysis and measurement in the devel- 
oped countries will not be pursued to the 
exclusion or neglect of badly needed stud- 
ies of the less developed countries, studies 
that would deal with the quantitative 
bases and institutional conditions of their 
performance, in addition to those concen- 
trating on what appear to be their major 
bottlenecks and the seemingly optimal 
policy prescriptions. 
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The Economics of the Network- Affiliate 
Relationship in the Television 
- Broadcasting Industry 


By STANLEY M. BESEN AND RONALD SOLIGO” 


Under various acts of Congress, the 
Federal Communications Commission is 
empowered to regulate the television 
broadcasting industry in the public inter- 
est.! Among the Commission’s objectives 
have been the promotion of program diver- 
sity, the encouragement of local program- 
ming, and the maintenance of widespread 
ownership of broadcasting facilities.2 In 
order to further these objectives, the FCC 
has limited the number of local broad- 
casting stations which can be owned by 
any one group of individuals or corpora- 
tions, including networks, and forbidden 
network affiliates from entering into agree- 
ments to accept specific amounts of net- 
work programming during specified hours. 
In addition, the FCC has recently estab- 
lished a ceiling on the number of hours 
during prime time which a local station 
can “clear” for network programs.’ In this 
paper we have formulated a model of the 
network-afhliate relationship which allows 
us to examine the effects of each of these 
regulations and to examine the extent to 
which FCC objectives are consistent with 
one ancther. 

* Associate professors of economics, Rice University. 
We wish to acknowledge the helpful comments of Mar- 
ian Krzyzaniak, Harold Barnett, and Edward Green- 
berg on earlier drafts. 

1 For a discussion of the development of government 
regulation of broadcasting, see Hiram Jome and Ronald 
Coase. 

2 For a discussion of FCC objectives, see Hyman 
Goldin. 

? In the jargon of the industry, to clear time for the 


network means to accept network programs; i.e., to 
keep the time slot clear of other programs. 


I. The Network-Affiliate Contract 


' The specific details of the typical affilia- 

tion agreement have been documented by 
John Peterman and by Harlan Blake and 
Jack Blum. For our purposes, the impor- 
tant features of these contracts’ are the 
methods by which advertising revenue is 
shared by the network and affiliate. The 
standard agreement separates broadcast- 
ing time into two categories: announce- 
ment time and program time. The an- 
nouncement time is the brief interval be- 
tween programs in which the station iden- 
tifies itself and sells spot commercials. 
Local stations usually keep all revenue 
from these sales. Program time is the time 
during which program material is being 
broadcast. The networks sell segments of 
this time for commercial messages. The 
price which the network charges for this 
time is determined separately for each 
station carrying the network program and 
the revenue which the network collects 
from these sales is shared with the local ` 
affiliates except for a certain specified ` 
amount of cleared time for which the net- 
work retains all of the revenue. 

The important dimensions of the affilia- _ 
tion agreement are i) the length of an- 
nouncement time allowed by the network, 
ii) the proportion of program time revenue 
returned to affiliates, and ili) the number 
of hours for which all program time reve- 
nue is kept by the network. (Hereafter 


~ this is referred to as uncompensated 
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time.) 
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II. A Simple Model of Affiliate Behavior 


In order to understand the basic features 
_ of the process by which the terms of the 
affiliation agreement, the number of affili- 
ates, and the number of hours cleared are 
determined, we develop a model of affiliate 
behavior. Initially, we consider a highly 
simplified version of the model. As we pro- 
ceed, we relax a number of its restrictive 
assumptions. In the simplified model we 
assume: 

1. The proportion of program time 
revenue, $, returned to a station is as- 
sumed tc be the same for all programs 
cleared regardless of the time during the 
day at which it is cleared. 

2. The amount of announcement time 
is fixed and not subject to change by the 
network or station. 

3. There is no uncompensated time. 

4. There are no constraints on the 
value or number of hours which the local 
station must or must not clear for network 
programming. The affiliates can choose to 
clear anything from zero to 100 percent of 
its time for the networks. 

5. All network programming costs are 
fixed. The marginal cost of supplying an 
additional hour of existing network pro- 
gramming to an affiliate or potential affili- 
ate is zero. 

6. In making an agreement, both the 
station and the network act as if the be- 
havior of other stations and networks is 
not affected by the nature of the agree- 
ment reached. 


Since different hours of the day or week 
will have different values and hence one 
hour is qualitatively not the same as an- 
other, we take as the decision variable for 
a particular station the value of the time 
cleared for network programming. The 
~ total value of hours cleared is equal to the 
sum of the amounts which each hour 
cleared will yield in program time adver- 
tising revenue. This in turn is affected by 
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the size of the market (population, num- 
ber of TV sets, number of TV stations, 
time of day, what other stations are broad- 
casting and so on). 

The value of hours cleared by a station 
is, given all ot the above assumptions and 
parameters,.a function of p, the proportion 
of the program time revenue which is re- 
turned to the statian. Given the value of 
announcement time if it adjoins a local 
program, its value if it adjoins a network 
program, the value of program time for 
network and nonnetwork programs, and 
the ccst of nonnetwork programs, it is 
possibie to array time periods according to 
the value of p for which it will pay the local 
station to clear the network program. 

If Af represents the value of advertising 
during program time for a nonnetwork 
program during the ¿th hour of the broad- 
casting day, C; the cost of the program, 
and Sr zhe value of advertising during the 
announcement time adjoining the pro- 
gram, tae return to the local station from 
a nonnetwork program during that time 
period is 


(1) Kaea SSG; 


If A7 is the value of program time for a 
network program during the 7th hour and 
SY, the value of the announcement time 
adjoining the network program, the return 
to the affiliate from clearing the network 
program is equal to pA; +S. In deciding 
whether or not to clear the 7th hour for a 
network program, the affillate compares 
these two returns. If pAvY+S?>V? the 
station accepts the network program. 
Othervse it does not. 

For each hcur of broadcasting time the 
affiliate can calculate the value of p for 
which it would be indifferent between net- 
work and nonnetwork programming. If we 
denote this p by #; we have, for each t 


(2) pA, eS) ea: 
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or 
(3) ba SY, aS, 


If we array program hours according to 
ħi, we can construct a schedule which indi- 
cates, for each level of p, the value of hours 
which the affiliate would be willing to clear 
for network programming.’ The higher the 
p, the greater will be both the number and 
the value of hours cleared for network 
programs. 

In Figure 1, we have plotted such a 
“supply” curve for a representative station 
as BC.. The horizontal axis measures the 
total amount advertisers pay for program 
time commercial messages during the 
hours cleared for network programs. The 
point A* represents the acceptance of all 
network programs. We have drawn the 
curve so that it has a negative intercept. In 
general, we expect that there are some 
hours for which S7 > V?, in which case the 
local affiliate would even be willing to pay 
the network for the right to clear network 
programs, i.e., the value of 4 would be 
negative. This situation arises because the 
value cf announcement time is greater if 
the time is adjacent to a network program 
than if it adjoins a locally originated pro- 
gram and because by clearing a network 


t Note also that we are assuming that, for any 7, V? 
is independent of the amount of time cleared for net- 
work programming. This assumption is undoubtedly 
not strictly correct. 

5 One alternative available to a station is to originate 
local programs. Another is the purchase of a program 
from a company specializing in the production of pro- 
grams. In this.case, too, the local station retains all 
revenue from program advertising. Still another alterna- 
tive is the so-called barter arrangement. Here, an ad- 
vertiser supplies a program free of charge to a local 
station and the latter is permitted to sell some program 
advertising time from which it can retain all revenues. 
Even if less advertising revenue accrues to the local sta- 
_ tion under this arrangement because the supplier of the 
program does not pay for his advertising time, it may 
still be the best alternative to a network program since 
the station avoids the cost of originating or purchasing a 
program. Of course, it is the return from the best alter- 
native which will be compared to the gains from ac- 
cepting network programming. 
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Atifiate’s Share of Network 
Program Time Revenue 


ev 





program z station avoids the cost of pro- 
gram origination. 

If the level of p set by the network is po, 
the station will clear hours worth Ao. The 
revenue which it collects from the network 
as its share of the network program time 
revenues is given by the rectangular area 
I+II. The network’s revenue from the 
programs cleared on this station is area JJ. 
The net profit to the station from network 
affiliation, i.e., revenues over and above 
profits, if any, which could be earned from 
locally originated programs for these 
hours, is given by the area J,+J//.’ This 
is the value of network affhliation to the 
local station. It is a quasi rent which ac- 
crues to the local affiliate so long as the 
network does not engage in price discrimi- 
nation by establishing a different p for 
each hour of time cleared. 

What value of p will be set by the net- 
work for the affiliate depicted in Figure 1? 
As the network raises $, the value of hours 


6 There may be markets where local programming is’ 
very profitable, relative to network programs. In this 
case, the local station will not be willing to clear any 
network programs without a positive p. The supply 
curve for this station would have a positive intercept. 
These cases are, however, rare. There are no stations 
which do not affiliate with a network if they can. 

1 Recall that the supply curve represents the oppor- 
tunity cost ol program time to the affiliate. Hours to the 
left of X have negative opportunity cost; i.e., the affili- 
ate would pay for network programming if necessary. 
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FIGURE 2 


cleared by the affiliate increases. The 
profits that the network earns on the newly 
cleared units is at least partially offset, 
however, by the decline in revenue on pre- 
viously cleared units. In other words, since 
a lower value of 1— p must be accepted on 
all previously cleared units, the return 
from an additional unit cleared is less than 
1— for that unit. The network will, there- 
fore, employ the curve marginal to the 
supply curve, XD in Figure 2, in deter- 
mining the value of p for which its profits 
are a maximum.® By assumption, the mar- 
ginal cost of supplying a program to an 
additional station is zero.’ Therefore, prof- 
its are maximized when the curve marginal 
to the supply curve intersects the horizon- 
tal line for p=1. Given this, the profit 
maximizing value of p can be determined.” 
In Figure 2 this is p.e. In equilibrium, the 
affliated station is indifferent between 
clearing the last hour of network program- 
ming, A., and not doing so. Note that the 


8 The curve XD does not extend below the horizontal 
axls because the network will have programs of value 
OX cleared even if o=0, If the network were permitted 
to make p negative, i.e., to charge the affiliate for a 
cleared program, the curve marginal to the supply curve 
would begin at B. 

°? This departs from reality in that the network typi- 
cally pays the AT&T interconnection charge. 

10 For example, if the supply curve were a straight 
line, p would 2qual 1/2. 





JUNE 1973 
price charged by the network, (1— 9) 
times advertising revenue, exceeds the 
cost (zero by assumption) of supplying an 
additional hour of programming to the 
affiliate. 


í 


HI. Price Discrimination by Network 


Suppcse that the network has consider- 
able market power since the number of 
staticns exceeds the number of networks in 
a given market and some stations will not 
be able to obtain an affiliation. In prin- 
ciple, the network should be able to extract 
the entire increment to the profits of an 
affiliate generated by network affiliation. 
One wa to do this would be to charge 
different prices for each program cleared.” 
Another way of accomplishing the same 
objective is not to compensate the affiliate 
for all programs cleared and to require in 
the contract of affiliation that the affiliate 
clear some minimum number of hours. We 
consider these, in turn. 


Uncompensaied Time 


The uncompensated time constraint can 
be described as follows: If the value of 
advertising during an hour of prime time 
on a nezwork program is Ap and if the 
constraint is H hours,” then the affliate 
does not share in program time advertising 


revenue on the first HA? dollars worth of 


network time that it clears. 

Consider an affiliate which was clearing 
time periods of value greater than HA; in 
the absence of the constraint. When a 
constraint of that amount is imposed, the 
affiliate will clearly wish to satisfy it with 
the smallest loss of profits. Given p, it will 
never clsar hours not previously cleared 


n Notice that this would require a negative p for pro- 
grams to the left of X. We will return to this point 
shortly. 

2 The ccnstraint is specified, in the afhliation con- 
tract, in terms of prime time hours or equivalents thereof 
but is, in effect, a claim to an amount of revenue rather 
than to a number of hours. 
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(when there was no constraint) in order to 
satisfy the constraint. In Figure 3, hours 
previously cleared have an aggregate value 
of Ao for p= po. The constraint is shown 
as A. If, after the imposition of the con- 
straint, the affiliate continues to clear time 
periods of value greater than A it will con- 
tinue to clear Ag since eliminating a single 
program does not affect the constraint and 
contributes a positive amount, (pA” 
+S*%—V+), to profits. But if area J is 
greater than area IZ, the affiliate would be 
better off if it reduced the value of hours 
cleared to OX. This is a preferred position 
_ because the gain from clearing hours be- 


tween A and Ag is less than the foregone © 


income on hours between X and A. The 
affiliate would continue to clear hours up 
to X, however, since all hours to the left 
of X have the characteristic that SY ex- 
ceeds V? and would be cleared even if p 
were negative. . 

What effect does the possibility of em- 
\ ploying an uncompensated time constraint 
have on the policy pursued by a network 
with respect to a particular station? It is 
easy to see that the optimal policy for the 
network is to set sufficiently high so that 
all network programs are cleared and to 
adjust the constraint so that the affiliate’s 
. profits from network affiliation are almost 


1 


Figure 3 
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FIGURE 4 


eliminated. This is demonstrated in Figure 
4, where A* represents the acceptance of 
all network programs, the sharing ratio is 
set at p* and the constraint at A so that 
area J is equal to area JJ. If the constraint 
were any larger, the affillate would be in- 
duced to reduce the number of hours 
cleared to OX. Notice that in this case the 
affiliate would continue to earn profits 


- from network affiliation equal to area TIT. 


If the network acted as a perfect price 
discriminator and set p= # for each hour 
to the right of X, profits accruing to the 
affiliate on these hours would be equal to 
areas J and ZV. Since these profits are 
equal to what the station would earn if it 
were an independent station, profits from 
network affiliation on hours to the right of 
X would be zero. The uncompensated time 
constraint thus appears as a relatively 
simple, yet sophisticated, device for prac- 
ticing price discrimination among hours. 
Instead of setting prices on each >rogram 
individually the network simply estab- 
lishes a sharing ratio sufficiently high so 
that all network programs are cleared and 
then adjusts the constraint so as to elimi- 
nate almost all of the profits frora affilia- 
tion and, at the same time, maximizes the 
profits of the network. 

The above arrangement with a high 


sharing ratio and a large amount of un- 
$ 


264 


compenszted time is very similar to the 
incentive contract initiated by CBS in 


1961 and subsequently overturned by the | 


FCC in 1962. The CBS contract called for 
affiliates to receive 10 percent of the reve- 
nue from the first three-fifths of the pro- 
grams that CBS asked them to clear and 
60 percent of the revenue from all addi- 
tional programs cleared. This sharing ratio 
contrasts sharply with the 30 percent 
which prevailed both before and since the 
imposition of the incentive contract. The 
FCC overturned the contract on the 
grounds that it unduly restricted the abil- 
ity of nonnetwork program sources to 
obtain clearances on CBS afhliates,4-4 
The overturning of the CBS incentive 
contract raises the question of how the 
terms of network-affiliate contracts are 
affected by it. From the comments made 
at the time by the FCC, we deduce that 
the constraint imposed is in terms of a 
maximum sharing ratio permitted,’ say 
Pmax- With such a restriction, the network 
would set the constraint so that the affiliate 
`- is indifferent between clearing the number 
of hours cleared at pmax and OX, the mini- 
mum amount that affiliates would always 
want to clear. The situation is depicted in 
Figure 5 where area J is equal to area IT, 
The effect of the constraint, and the prin- 
cipal one intended by FCC policy, is to 


13 See Wall Street Journal, Apr. 13, 1962, p. 4, and 
June 1, 1962, p. 14. 

n In ‘some instances, there has been a more direct 
form of price discrimination by hours. For example, in 
1956, the cor.tract of WNBF affiliate in Binghamton, 
New York, called for a 25 percent sharing ratio on the 
first 20 hours cleared, a 35 percent ratio on the next 10 
hours, and 40 percent on all additional hours. At the 
same time the CBS affiliate in Youngstown, Ohio, 
WKBN, received 10 percent on the first 5 hours cleared, 
20 percent or: the next 5, and 30 percent on all other 
hours. Hewever, such sliding scale arrangements are 
apparently net common. On the terms of contracts see 
U.S. Congress, Hearings: Monopoly Problems in Regu- 
lated Industries, Part 2, Television. 

18 This is the aspect of the contract that limits the 
ability of nonnetwork program sources to compete with 
networks for program time. 
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FIGURE 5 


reduce the number of network hours which 
an affiliate will accept. The quasi rents 
earned oy the affiliate as a result of net- 
work afiliation are still restricted to area 
ITT but the profits earned by the network 
are much reduced (by area JV) from those 
obtained where there is no restriction on p. 


Option Time 


A network which has the power to prac- 
tice pric2 discrimination need not settle for 
almost all of the quasi rent it generates for 
its affiliates. Under certain circumstances 
it may a-so be able to extract the quasi rent 
earned cn hours cleared to the left of OX. 
The dev-ce employed is called option time’® 
whereby the affiliate must clear some mini- 
mum number of hours for network pro- 
grams. 

Consider the situation depicted in 
Figure 5 which partly reproduces Figure 4. 
If the value of uncompensated time were 
increased beyond A, say to A, the affiliate 
would clear only OX hours, since with a 
constraint equal to A the station was in- 
different between clearing OA* hours and 
OX heucs. The change in the constraint 


16 Option time was forbidden to be included in the con- 
tract of afliation in 1963. Yet, some observers of the 
industry believe, local stations are often “forced” to 
accept procrams they would otherwise not clear. The 
threat used against them is the withdrawal of affiliation. 


~ 
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FIGURE 6 


induces a shift to OX. But suppose that 
the contract of affiliation requires that 
hours of value at least OJ be cleared. Then 
the station must decide whether it will 
clear OJ hours, and perhaps some larger 
number of hours, or refuse the opportunity 
to affiliate. Which course it will choose 
depends on the relationship between areas 
TII and J in Figure 6. If the network sets 
OJ so that these areas are equal, then at 
least OJ hours will be cleared. The loss on 
the hours between OX and OJ, area J, is 
just compensated for by the quasi rents 
earned on the first OX hours, area JIT. In 
fact, the station then considers, as a mar- 
ginal decision, whether to clear some larger 
number of hours. If area JV is greater than 
area IZ, it will clear all network program- 
ming since the loss on hours between J and 
A is more than compensated for by the 
gain on hours between A and A*. If A is 
set so that areas JJ and JV are equal in 
addition to setting the option time OJ so 
that areas J and JII are equal, the net- 
work will be able to extract all of the quasi 
rents that it generates. 

To summarize: The use of uncompen- 
sated time is a device for practicing price 
discrimination which can eliminate almost 
all of the quasi rents which would otherwise 
be received by a network affiliate as a re- 
sult of affiliation. Combined with option 
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time, or some “unofficial” requirement 
that some minimum number of hours be 
cleared, all of the quasi rents can, in prin- 
ciple at least, be eliminated. Placing re- 
striction on the maximum sharing ratio 
results in a decline in network profits with 
no corresponding gain in affiliate profits. 
The bar against option time, if it is effec- 
tive, may result in some quasi rents being 
retained by the affiliate. 


IV. Price Discrimination by Stations 

To this point we have considered situa- 
tions in which the networks have consider- 
able market power vis-à-vis potential 
affiliates. This presumably occurs in mar- 
kets in which there are very many sta- 
tions, each vying for the right to be an 
affiliate. In other markets, however, the 
situation is reversed. A small number (one 
or two) stations exist and each ož the net- 
works would wish to have the station as its 
affiliate. Here, competition among the net- 
works should completely eliminate any 
profits that networks obtain from having 
an additional affiliate. Rent accrues to the 
station from being an affiliate as well as 
from the fact that it is one of a small num- 
ber of stations in the market. If, from the 
point of view of the station, one of the net- 
work affiliations is more desirable than the 
others in the sense that advertising rev- 
enues from that network’s programs are 
larger, then that network can obtain the 
portion cf revenue which results from its 
superior programming. This is the portion 
of the rents which results from the differ- 
ential productivity of the networks. 


V. Affiliate Profits and Market Structure 

As we have pointed out above, cur model 
has some implications for the profitability 
of network affiliates in markets in which 
there are more stations than networks. In 
the absence of any FCC restrictions, some 
combination of sharing ratio, uncompen- 
sated time, and option time should succeed 
in eliminating all quasi rents which would 
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otherwise accrue to a station from its 
affiliation with a network. In such markets, 
network stations should be no more profit- 
able than are independents.: If, however, 
option time is not permitted, and the re- 
striction is effective, a portion of the quasi 
rents will continue to accrue to affiliates. 

There is some empirical evidence on this 
point. Edward Greenberg has shown that, 
in markets with four or more stations, net- 
work affiliates are more profitable than are 
independents when other determinants of 
profitability are allowed for. This indicates 
that, even in markets in which competition 
among stations for the right to a network 
affiliation might be expected to lead to the 
extraction by networks of all profits from 
affiliation this does not in fact occur.” The 
implication of this is that either the FCC 
prohibition of option time is effective or 
that network pricing policies are not such 
as to fully eliminate the additional revenue 
that network affiliation produces.!® Fur- 
ther, it follows, a fortiori, that in markets 
with less than four stations, where the 
bargaining power of the network is weaker, 
it is even more likely that local stations are 
able to capture at least a portion of the in- 
cremental revenues which results from 
affiliation. 


VI. The Prime Time Access Rule 


, The FCC has recently enacted a rule 
which restricts the number of prime time 
hours which an affiliate can clear to a net- 
work.!® Assuming that the affected affili- 


" Harvev Levin also found that network affiliation is 
significant as a determinant of the value of a station 
even when the effect of other factors is allowed for. 

18 There is one further possibility: Greenberg’s results 
may reflect the fact that UHF stations are less profitable 
than VHF stations, and that network affiliates are 
largely the latter. A UHF-VHF variable was not sig- 
nificant in Greenberg’s regressions but this may be ex- 
plained by the multicollinearity between this variable 
and the network affiliation variable. 

19 The rule, which would apply only to affiliates lo- 
cated in the 50 largest markets, would prohibit stations 
from carrying more than 3 hours of network program- 
ming other than news between 7 and 11 p.m. Because 
each offers a half hour early evening news program the 
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ates do not now salisry this constraint, as 
is likely to be the case, what is its effect? 
We assume that the situation which the 
Prime Time Access Rule will affect is that 
depicted in Figure 5 where there is both an 
upper bound to the sharing ratio and the 
absence of option time. In Figure 5, the 
value of uncompensated time is set at OY 
hours. Iz the program omitted by the net- 
work as a result of the Prime Time Access 
Rule lies to the left of OY, the impact of 
the rule will be to raise the value of un- 
compensated time. The affiliate’s loss on 
programming to the left of Y caused by the 
existence of uncompensated time is now ' 
reduced with the elimination of one pro- 
gram. The network can now increase un- 
compensated time in order to, once again, 
equalize areas J and JJ. If, on the other 
hand, the program omitted lies to the right 
of OY, the impact will be to reduce the 
value of uncompensated time. To predict 
the precise impact of the rule would, there- 
fore, require detailed knowledge of the 
value to the affiliates of the programs to be 
omitted.” In either case, network profits 


- will be reduced.?!:#4 


practical efect would be to reduce network programs 
by one-half hour each night. Networks would be for- 
bidden from extending news programming. See Wall 
Street Jcurnal, Apr. 15, 1970, p. 2 and May 4, 1970, 
p. 10. 

20 The omitted program is most likely to lie to the 
right of OF. Since the network is assumed to vary the 
uncompensated time constraint so as to extract all quasi 
rents from network programs, the contribution to the 
network’s profits from any one program is equal to the 
difference between the amount of program time revenue 
(net of costs) paid to affiliates and the amount which 
must be paid in order to induce the affiliate to carry the 
program. In the case where all prime time-hours produce 
the same program time revenue (net of costs), the de- 
crease in the network’s profits due to the Prime Time 
Access Rule is minimized for a given $ if the network 
eliminates that prime time program having the largest 
p. Affiliaticn contracts currently call for about 30 hours 
of uncompensated time per month while prime time pro- 
gramming mounts to approximately 120 hours per 
month. Sirce only 15 hours of network programming 
must be eliminated, prime time hours having the largest 
$ will lie to the right of OY. This conclusion may not 
hold in the case when primz time hours do not yield 
equal revenue. 

"1 A network spckesman has estimated that a loss of 
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VII. The Group Ownership Rule 
and the Fourth Network 


One of the perplexing aspects of behavior 
in the television broadcasting industry is 
the fact that very large profits are earned 
by affiliated television stations, yet the 
formation of a Žourth commercial network 
has not taken place.” This has apparently 
resulted in very small profits jor those sta- 
tions unable to obtain an affiliation, and, 
in some cases, the failure to obtain an 
affiliation has forced stations out of busi- 
ness. . 

The formation of a network involves 
very substantiel costs which are indepen- 
dent of the number of affiliates. In addi- 
tion, there are relatively low costs of sup- 
plying an additional station with program- 
ming.” According to a well-known propo- 
sition in welfare economics, the undertak- 
ing of any indivisible activity is justified if 
a perfectly discriminating monopoly could 
profit from doing so. And that would seem 
to be the appropriate test for the introduc- 
tion of a fourth network. But the results of 
our analysis are that networks will be un- 
able to extract all of the extra benefits that 


one-half hour of prime time could cost each network 
$6-14 million per year in gross profits. See Wall Street 
Journal, Apr. 15, 1970, p. 2. 

The FCC limitation of the proposed rule to the 50 
largest markets 1s apparently based on the assumption 
the networks will continue to furnish their affiliates in 
other markets with network programming throughout 
prime time. Apparently some of the smaller stations fear 
that they will not be able to obtain network program- 
ming through prime time, Wall Street Journal, May 8, 
1970, p. 4. See also the Wall Street Journal editorial, 
May 13, 1970, which expresses a similar fear. 

z2 Tt is useful to point out that there exists a relation- 
ship between our analysis of the ban on option time, the 
prime time rule, anc the ceiling to the sharing ratio, and 
the literature on the behavior of the regulated firm. See, 
for example, Harvey Averch and Leland Johnson. Un- 
like the Averch-Johnson model, where the constraint 
imposed on the regulated firm is in terms of the maxi- 
mum rate of return that it is permitted to earn, in our 
model the profits of the networks are not directly regu- 
lated and the restrictions take other forms. 

2 ‘There have been a number of abortive attempts to 
form such a network. 

*4 The principal incremental cost is the AT&T inter- 
connection charge. 
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they generate in markets in which the 
number of stations is smaller than the 
number of networks. And, further, while 
it would seem possible for networks to ex- 
tract all quasi rents which they might gen- 
erate in other markets, they apparently 
fail to do so either because they are not 
very efficient price discriminators, because 
of the ban on option time, or both. As a 
result, some of the benefits generated by 
the formation of a network accrue not to 
the network but to its affiliated stations. 
This fact may partly explain why a fourth 
network is not formed even though it may 
be economically justified. 

One way to allow networks to appropri- 
ate all of the benefits which they generate, 
the outright ownership of affiliates by the 
network, is precluded by the Group Owner- 
ship Rule which restricts the number of 
stations that a network can own. 

In addition to restricting the degree to 
which networks can appropriate the rents 
which they generate, some FCC regula- 
tions such as the maximum permitted 
sharing ratio and the Prime Time Rule 
simply reduce network profits without in- 
creasing the profits of affiliated stations. 
These regulations also reduce the likeli- 
hood ,that a fourth network will develop.” 

It may seem paradoxical at first that 


‘permitting networks to receive larger prof- 


its can enhance the success of local sta- 
tions. But the paradox can be resolved 
when one realizes that most, if not all, of © 
the marginal television stations have no 
network affiliation, and that a network 
affiliation, even: on terms which are very 
favorable to the network, may be better 
than no affiliation at all. 


VIII. Conclusion 


This paper has provided a model of the 
economic relationship between television 


% Another barrier to entry of a fourth network which 
has been alleged to be important is the structure of 
AT&T interconnection charges. On this point see, for 
example, Joe] Dirlam and Alfred Kahn. 
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networks and their affiliates. The model 
was employed to examine the manner in 
which advertising revenues are shared. We 
were able to demonstrate that the use of 
uncompensated time and of option time 
both contribute to the ability of television 
networks to extract the quasi rents which 
would otherwise accrue to local stations as 
a result-of their network affiliation. We also 
analyzed the impact of the ban on option 
time, the restriction on the maximum per- 
missible sharing ratio, and the new Prime 
Time Access Rule. An important policy 
conclusion is that these rules in addition to 
the limitation on station ownership im- 
posed by the Group Ownership Rule may 
be important barriers to the development 
of a fourth network. 
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On The Theory of Optimal Investment, 
Dividends, and Growth in the Firm 


/ By CLEMENT G. Krovuss* 


The consideration of time-optimal pro- 
grams for corporate investments, divi- 
dends, and growth is a relatively new area 
of microeconomics. Although the specifica- 
tion of a maximand appropriate for such 
models has been well studied,! little sys- 
tematic attention has been given to a 
model with suitable dynamic structure 
and, subsequently, to the intertemporal] 
dependencies which relate the firm’s value 
and earnings to decisions on financing and 
investments. It is the purpose of this paper 
to consider this second problem, particu- 
larly with regard to generalizing the condi- 
tions under which the theory of valuation 
‘can be used to determine the unlevered 
firm’s optimal financing and investment 
decisions. 

Previous formulations of dividend, in- 
vestment, and growth programs for the 
firm have been restrictive in giving 
consideration only to one of two polar 


cases. One approach has identified divi- 


dend policy on a one-to-one basis with in- 
vestment policy and thus confounded the 
two, while the other has abstracted 
from the interdependencies between in- 
vestment and financing decisions.* The 
difficulties associated with the first kind 
of abstraction have been fully outlined 
by Miller-Modigliani nearly a decade 
ago and need not be reviewed. The difficul- 
ties inherent in the second abstraction, al- 


* Assistant professor of business economics, Univer- 
sity of California, Los Angeles. This study was sup- 
ported by the Research Program in Competition and 
Business Policy at University of California, Los Angeles. 


1 Notably by Jack Hirshleifer and Miller-Modigliani. ` 


2 See Gordon. . 
3 See Miller-Modigliani. 
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though not considered by the literature in 
this context, are not less, for they set aside 
a fundamental proposition of modern capi- 
tal analysis requiring that both (the firm’s) 
production and exchange opportunities be 
jointly considered to yield a time optimal 
path for (shareholder) consumption claims.* 
To this end, this study explicitly and si- 
multaneously treats the shareholder valua- 
tion functional and the firm’s intertem- 
poral earnings-possibility equation z0 make 
fully clear the conditions under which 
investment and financing opportunities, 
while distinct, interact to determine op- 
tima which involve unique and nonunique 
specifications of these two. 

A further restrictive characteristic of 
prior corporate investment and financing 
studies is their a priori assumption of sta- 
tionary-growth conditions. Particularly, 
they consider only the special equilibrium 
structure of corporate events where the 
economic state of the firm is identical in 
every period except by a constant scale 
factor, and all its decisions and exogenous 
variables (for example, discount rates) are 
required to be constant through time. Con- 
comitantly, they limit the models to com- 
parative dynamics, which is not useful for 
the analysis of the firm’s decision rules or 
states as exogenous variables change over 
time, but only appropriate for the com- 
parison of firms with different, time-con- 
stant values of these variables. While there 

4 With a specified level of operations it is customary 
to show that the firm’s financing decisions leave its 
total market value unchanged. More precisely, it is 
necessary to indicate, as herein, the conditions under 


which financing decisions do not affect the wealth posi- 
tion of initial shareholders, On this point, see Hirsheifer. 
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are differences in their developments, the 
models of James Walter, Myron Gordon, 
Merton Miller-Franco Modigliani, and 
' John Lintner (1967) are typical of the 
stationary growth forms. 

The perspective of the firm taken herein 
is that of a dynamic, discrete-time activity. 
The firm is not a priori required to main- 
tain constant growth rates in dividends or 
earnings, but is fully free to make financing 
and investment decisions consistent with 
optimizing initial shareholder wealth. Since 
our objective is to address specifically the 
optimal capital accumulation and financ- 
ing problems of the corporation, produc- 
tion technology and product:factor de- 
mand functions are simply subsumed in the 
specification of an earnings-possibility 
function. Earnings are defined as income 
net of economic depreciation and, on the 
basis of this definition, a first-order differ- 
ence equation is developed to relate their 
level at any point in time to prior levels 
and the size and financing source of capital 
budgets. 

‘With regard to the objective function, 
the neoclassical theory of optimal capital 
accumulation is employed which implies 
using an objective maximizing the utility 
of a stream of consumption. Further, based 
on the proof of Hirshleifer that the max- 
imization of the firm’s present value is the 
only criterion fully in agreement with the 
external consumption stream objective, 
the frequently cited maximization ‘of the 
average internal rate of return on invested 
equity, geometric rate of earnings growth, 
etc. are disregarded and the focus placed 


singularly on extremizing the discounted ' 


stream of dividends paid (over an infinite 
horizon) to the firm’s “initial” share- 
holders. 


§ Particularly, the M-M “convenient case of constant 
growth rates” and the Lintner certainty model. Gordon 
and Walter, it should be noted, consider only the all 
retained-earnings financing assumption while the other 
studies also admit external equity financing. 
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Necessary and sufficient conditions for 
extremal earnings end dividend time se- 
quences, along with a program of time- | 
optimal retained earnings and external 
equity decisions, are developed based on 
this model. In important ways these ex- 
tremal conditions extend to greater gen- 
erality the commonly used marginal earn- 
ings efficiencies of the various financing 


‘sources and the frequently cited Miller- 


Modigl:ani proposition concerning the null 
effects of the financing mode on the firm’s 
market value. Finally, the specific effects 
of technical progress and market discount 
rates o2 the optimal size of the capital 
sources in each period are developed. 


I. The Model 


While there is an increasing volume of 
theoretical literature examining the in- 
vestment, financing, and growth of the 
firm, the failure to de fully explicit about 
specializing assumptions and to clearly set- 
forth definitions of economic variables has 
unnecessarily led to misinterpretations of 
these analyses, particularly with regard to 
the gen2rality of their conclusions. To this 
end this section sets out in detail the vari- 
ables ard important analytical components 
of the current model, in part so that the 
reader can be clear about the proper limits 
of its implications and in part to show the 
fundamental respects in which it general- 
izes prior studies. 

First, define the usual variables of the 
firm. 


D(t) = total dollar amount of dividends 
paid at time t. 
D«ı(t)=pcrtion (in dollars) of time t 
dividends paid to shareholders 
of record at time T. 
k(t)=time t market discount factor, 
discounting back to time zero, 


t 


A(t) = J 1l ro} 


T= 
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Ficure 1. THE Economic Process 


were (7) is the one period op- 
portunity rate available to the 
firm’s shareholders. 

XA(t)=time t net earnings of the firm 
(net of economic deprecia- 
tion) .8 

I(t)=transaction costless internal 
equity decision variable in pe- 
riod t—-retained earnings for 
O<J(t) < X(t), with a preemp- 
tive (“rights”) offering when 
I(t) > X(t). 

E(t) =external equity decision in pe- 
riod t having associated trans- 
action (brokerage) costs; ex- 
presséd as the total dollar 
amount of the acquisition, 
E(t)>0, or retirement, E(t) 
<0, including transaction 
costs. 

ô(E(t), t)=the ratio of the time t market 
price of an equity share to its 

. external issue price: 6(t) for 
notational convenience. 6(t) <1 

implies issuance of shares at a 

premium to market price, and 

conversely for 6(1)>1. Some 
expectations/information asym- 

metry among potential share- 


holders is held to account when ~ 


(+) 41. 

V(t) = value of the corporation at the 
beginning of period t to share- 
holders of record at that time. 


Taxes are everywhere neglected for con- 


* Precisely, the Hicks net income (No. 2) demigon 
is utilized. See chapter 14, 


venience. The timing of the decisions and 
money flows is depicted in Figure 1. For a 
representative period t the sequence of 
occurrences is such that, after earnings are 
realized, all decisions are made at essen- 
tially period end. In keeping with conven- 
tion, the value of the firm is established at 
the beginning of the period. Thus, new 
external equity is raised in every period ex 
dividends of that period. | 

Given these definitions, the value of the 
corporation at an arbitrary time. t=0, to 
shareholders of record at that time, V(0), 
can be represented by the functional 


x Do(t)a(t) 


t=0 


(1) V0) = 


The expression explicitly allows for the 
future issue of new external equity shares. 
This particular form, however, is of limited 
use since D,(t) is not an easily observable 
state or decision of the firm and it is ac- 
cordingly convenient to transform the 
functional. Separating initial from later 
periods, rewrite equation (1) in the farm. 


V(0) = k(0) Do(0) 


+ ROO) E DORO 


where &(t) now discounts back to the be- 
ginning of period 1, not 0. 

Since new equity shares are issued at the 
end of period 0, and hence ex dividends, the 
entire initial-period payout is to the initial 
shareholders. But, only a pro rata portion 
of the total dividends paid in later periods 
will accrue to the shareholders of record at 


= 


ave. 


time t=0. Accordingly, V(0) becomes 


5(0) £(0) 
vo =o foo + | 1 - EE] 
-È moko} 

t=1 

The term E(0) is the total dollar amount 
of external equity acquired (including 
transaction costs), which may be at an 
average share price some premium ratio 
above market value, 6(0) <1, below market 
value, 6(0) > 1, or at market value, 6(0)=1. 
The final summation term in this expres- 
sion is the dividend sequence. accruing to 
shareholders of record in period 1 dis- 
counted to that time. This is exactly the 
value of the corporation in period 1, V(1), 
so the full expression can: be simplified to 


. V(0) = k(O) [D(0) — 6(0) E(0)] 


+ 2) Dy(t)R(t) 
ter] 

By recursively employing this procedure 
for all future periods and further substitut- 
ing the identity D(t)=X(t)—J(t), current 
shareholder value over an infinite horizon 
is written’ 


(2) V(O)= >) [X(t)—-7(t)—4(t) E(t) JA(t) 


The contribution to V(0), and hence to the 
share price to holders of record at t=0, 
owing to the firm’s decisions in any period 
can be seen to be positive, zero, or negative 
as dividends are greater/less than the 
market value of external equity issued 


? Since retained earnings has been considered the sole 
source of equity funds in a predominance of corporate 
growth models, direct discounting of the firm’s total 
dividend stream has become generally (and wrongly) 
identified as the universally proper valuation criterion. 
As can be seen from the above developments, this is the 
case only for the firm not employing new external equity. 
In distinction, the form of equation (1) fully compen- 
sates the current market value for future dividends that 
must be diverted to additional equity. 
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(retired), X(t)—7(t)36(t) Elt). Particu- 
larly, in periods when the per share divi- 
dend to market price ratio is less than the 
fractional growth in shares outstanding the 
contribution will be negative. 

Although somewhat different in form, 
the equetion (1) expression for V(0) is 
fully consistent with the familiar Miller- 
Modigliani equation (3) “fundamental 
rule of valuation.” Assumptions in the 
sequel ccncerning decreasing marginal re- 
turns to investment, rates of earnings- 
techricel adjustment, and the time proper- 
ties af the discount factor, k(t) are such to 
assure the sum converges. Shareholder 
wealth as expressed by (2) is to be max- 
imized by the choice of a time sequence of 
investment funding decisions, J and Æ, 
from which, insofar as a retained earnings 
sequence is determined by J, a given 
dividend strategy follows. ` 

Turning to the firm’s earnings time path, 
it is required to set forth the relationship 
between the firm’s investment budget and ` 
mode o- financing at every point in time 
and its resultant earnings sequence. Follow- 
ing directly from the definition of -the 
firm’s income as net of economic deprecia- 
tion, the manner in which earnings “spread 
out” from given investments can be very 
simp'v specified by a change function ¢ 
and the irst-order diference equation 


(3) AX(t) = Aele), E(t)] 


where t denotes time, and AX(t) is a for- 
ward difference: 


(4) AX(t) = X(t + 1) — X(t) 


The term A(t) represents an index of earn- 
ings-zechnical adjustment, which will be 
shortly cescribed. 

The earnings-possibilities function ¢ sets 
out the firm’s one-period net earnings 
change arising from specific investments.’ 

è This relation is assembled from demand functions, 


production functions (or cost functions), and factor 
prices. It, cf course, assumes the optimal allocation of 
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Particularly, in the case of equation (3) it 
sets forth the earnings change from t to 
t-++1 owing to the size and financing source 
of the firm’s capital budget at time t. As 
noted earlier, tne new level of earnings, 
after the one-pe-iod increment, is kept in- 
tact (unentrenched) throughout all future 
time via “automatic”? reinvestments de- 
fined as economic depreciation. Thus, for 
the firm with zero net investments an unde- 
graded new inccme level is maintained ad 
infinitum. In k2eping with conventional 
assumptions it is further supposed that (t) 


is continuous through second partial de- - 


rivatives of I(t) and E(t), has the null 
property where ¢[0, 0]=0, and exhibits 
decreasing marginal returns to investment 
in some region. 

In the sequel we write 


(5) AXit) = A(t)d(t) 


where ¢(t) is notational convenience for 
¢ [I(t), E(t) 1. 

The index A(t) of the earnings difference 
equation is a measure of the firm’s time t 
rate of earnings adjustment arising from 
advancements in the physical technology 
of production and, more significantly per- 
haps, from charges in the structure of its 
factor and/or product markets.” Such ad- 
justments are modeled to be autonomous 
and to occur at g relative rate, a(t), unique 
to each period: 


AATE) = a(t) A(t) 





each marginal dollar of investment, both among existing 
and potential new markets. Note also that the earnings- 
possibilities function. is written to depend not on a 
simple investment aggregate in the form ¢[J(t)+£(t) ], 
but more generally bv the ¢[7(t), E(t) ] functional rela- 
tionship. In this way transaction costs associated with 
acquiring external equity and any relationship between 
retained earnings anc the cost of external funds can be 
fully reflected. 

° Changes in procuct-factor market structure are 
modeled to affect the firm’s earnings only by affecting 
its investment possib-lities—in the sequel it will be seen 
that the optimal investment rules involve A(t). Product 


factor-market changes which do not induce investments - 


thus do not give rise to earnings adjustments. 
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It may be observed that the product 
a(t)A(t) ties prior earnings-technical affect 
to the current rate of change. By suitable 
choice of measure it is further advanta- 
geous to require A(0)=1, thus 


t—1 
(6) A(t) = JJ [1 + a@)] 

t=aG 
Adjustments at time t will be referred to as 
positive, neutral, or negative depending on 
whether a(t) is greater than, equal to, or 
less than zero, respectively. 

As a final element of generality, it should 
be explicitly noted that “negative” re- 
tained earnings are permitted to accom- 
modate disinvestment and that negative 
dividends are permitted to: accommodate 
preemptive (“rights”) offerings of shares 
to existing shareholders. The central fea- 
ture of such rights issues is their essentially 
zero transactions costs (so that they are 
properly entered into the earnings-change 
function through the transactions-costless 
internal equity variable). 


II. Model Solution x 


Collecting the equations and definitions 
introduced to this point, the requirement 
for a time optimal investment, dividend, 
and growth program for the firm can be 
stated as 


(Ta) max È [XOA 


T(t), E(t) t=0 


subject to: 
(Ib) X(t + 1) = X(t) + A(t)p(t) 
(7c) . X(0) given 


I(t) and E(t) are the firm’s internal and ex- 
ternal equity decision variables and its net 
earnings level, X(t), is termed a state vari- 
able. ' 

Unlike most prior treatments, the com- 
pleted model of equation (7) states in a 
clear, choice-theoretic structure the firm’s 
investment and financing problem: the ob- 
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jects of choice are specifically identified; a 
preference function ordering the choice- 
objects and resultant economic states is ex- 
plicit; and, the time-process equation link- 
ing the firm’s earnings state and decisions 
is set iorth in detail. From this analytical 
form several distinguishing elements, vis- 


à-vis prior formulations, can be brought _ 


into clearer focus: internal and external 
equity financing modes are both available; 
financing decisions are not required to be 
constant over time, but can be uniquely 
chosen in each period; the usual constant 

“internal rate of return” is not imposed on 
the firm’s investment possibilities; neither 
earnings nor dividend time sequences are 
a priori required to have any specific time 
structure; the firm’s optimal investment 
and financing programs are to be jointly 
and consistently derived (the total invest- 
ment or capital budget results as the net 
sum of funds from the two capital sources) ; 
and, finally, a measure of technical prog- 
ress in the firm’s earnings possibilities is 
explicitly incorporated, issuance of ex- 
ternal equity at above or below market 
value is admitted, and the market discount 
rate is not assumed constant but as having 
a fully flexible time structure. 

Looking to the content of equations (7), 
the firm’s problem is to find the sequences 
I* and £* that maximize the value to 
current shareholders. Derivation of such 
an optimal program can proceed first by 
adjoining the earnings difference equations 
to V(0) with a multiplier sequence A. 


iv) 


| (2) TO= E {[X(t) — I(t) —a(t) E(t) A(t) 


+rx(t-+1)[X(t)+ 4 (t)o(t)— X(t+1)]} 


For notational convenience, further de- 
fine the Hamiltonian sequence over 
t=0,1,2,... 


H(t) = [X(t) — I(t) — 8(t) E(t) a(t) 
+ A(t + DXO + A(He(t)] 


_ (10) ¥ (0) 


1 
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The Hamiltonian at any time t is seen to 
be a sum of that period’s discounted change 
in initial valuation, V(0), and a product 
term of the auxiliary variable A(t+1), and 
earnings at time t~1. Thus the auxiliary 
variable has the interpretation of an inter- 
tempcrally imputed value (shadow price) 
of an additional dollar of earnings (income) 
measured in terms of the present value of 
initial shares. 

Finally, change the indices of summation 
for the A(t-+1)X(t+1) term in equation 
(8) to obtain the notationally simpler ex- 
pression for V(0). 


= H(0) + È [H(t — Me) X(0)] 
tex] 

In this form solution of the problem can 

proceed directly by the discrete maximum 

principle, see Samuel Katz. Choose the 


convenient multiplier sequence 


H(t) 

11 we ei 1) + R(t 

(11) 2(t) XO (t + 1) + A(t) 
which importantly determines the auxil- 
iary variable only as a function of the mar- 
ket discount rates and not as being de- 
pendert on any of the firm’s decisions or 
states. Moreover, with the “free end” con- 
ditions A(t) becomes zero in the limit as t 
becomes infinite. Since by (11) AA(t) 
= — k(t), then A(0) is given as 


(12) M0) = D2 R(t) 
tu0 

If the market discount rates are always 
positive, then the A(t) discount factor be- 
comes zero as t->«, and the above sum- 
mation converges to a finite value—which 
value simply becomes one over the dis- 
count rate itself when that rate is, as in all 
prior models, considered constant over 
time. Finally equations (11) and (12) can 
be combined recursively to yield 


ao 


feat] 


(13) Mt + 1) = 


“h 
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which is a forward sum of discount eon 
discounting to t=0. 

By the maximum pzinciple it is necessary 
for an optimal financing program that the 
firm choose I(t) and E(t) to, 


(14) max H(t) far all t = 0, 1 


‘Important economic implications of this 
condition become clear if equations (9) and 
(13) are utilized to write the Hamiltonian 
as 


H(t) = [X(t) — I(t) — êd E(t) Jat) 


Hes SAG 


r=t-+1 


(15) 


Thus, it is seen that the maximum prin- 
ciple requires the firm at each period in time 
to maximize a properly weighted sum of a 
direct contribution to market value, [X(t) 
—I(t)—4(t) E(t) ], and an indirect con- 
tribution by the process of augmenting its 
earnings state, X(t-++1); the weighting fac- 
tors are, respectively, k(t), which rep- 
resents the present value of a marginal 
change in the firm’s time t dividend and 
external equity acquisition decisions, and 
the sum of k(r), 7=t-+1,.... whichis the 
present value of a marginal change in the 


firm’s net income stream. Indeed, this is 


exactly what is mean: when it is said the 
firm has a static investment and financing 
problem. To the degree that the firm pays 
dividends and does not acquire external 
capital in any period, it operates to in- 
crease V(0) directly, but simultaneously 
reduce the potential indirect contribution 
to value via future earnings. In a reverse 
manner, the firm might alternatively 
choose to reduce its direct, but increase its 
indirect, contribution to value. A “proper 
balance” in the two effects is, of course, 
necessary for cptimality. The maximum 
principle yields a precise statement of the 
firm’s multiperiod investment and financ- 
ing problem in. a derived one-period 
equivalent by, most importantly, supply- 


KROUSE: INVESTMENT, DIVIDENDS, AND GROWTH 


275 


ing the proper weighting values to these 
direct (immediate) and indirect | future) 
effects. 

Stationarity conditions for the maximi- 
zation problem given by (15) require at 
each period of time that 








: agt) 
(16a) —&(t) + A(t + A(t) o 0 
dpt) 
(16b) oF 


where M(t) is the marginal external issue 
market value (rate), ð [8(t) E(t) |/dE(t). 
The solution to these equations are neces- 
sary and sufficient for a unique maximum 
to the problem if H(t) is strictly concave. 
This property is generally assumed since ¢ 
is typically subject to diminishing marginal 
returns, and as A(t) rises the marginal ex- 
ternal issue market value will typically in- 
crease (meaning the issue needs to be 
“sweetened” at an increasing rate with its 
size) 1° 

With regard to structure, a key property 
of the solution equations is their ‘““decom- 
position” of the firm’s decisions over time. 
In properly imputing a value to future 


earnings by the intertemporal shadow . 
value A(t-+1), each period’s decisions are’ 


developed such that they can be optimally 
and ‘‘time-independently”’ undertaken. In 
an important way this specific feature of 
the solution technique distinguishes the 
current analysis from earlier studies which 
decouple the firm’s time sequence of de- 
cisions more simply and restrictively by 
requiring that economic conditions in each 


10 Let ġzr(t) and ¢zz(t) be the second partial derivates 
of g(t) with respect to I(t) and E(t), and let D(t) be 
the Hessian determinant of @{(t) by those decision vari- 
ables. Sufficiency conditions particularly require (16) 
to hold, @rz(t)<0, ¢ee(t)<k(t)(@M(t)/dEIt)), and 
OM (t)/dE(t) > Dg(t)/k(tén(t). With diminishing mar- 
ginal transactions costs for external equity D,(t)<0 
and the last condition on the minimal rate at which the 
marginal external issue market value increases must be 
assumed. 


\ 
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period be identical with those of every 
other. E 

Written more compactly, a maximum 
for shareholder value requires the firm at 
each period of time to select /(t) and E(t) 
financing to solve 








: aot) 
(17a) aD = Z(t) 
g(t) : 
(17b) JE = M(t)Z(t) 


where for notational convenience in the 
sequel Z(t) is introduced, being defined as 





© 6 OR (+r 
(18)° Z(t) = A(t) È = 


Z(t) will be termed the adjusted sum of 
forward discount factors. The decision 
rules given by (17) are thus not myopic 
since they involve the parameters of future 
periods, and static theories of the firm’s 
investment and financing problem are in- 
valid unless they employ these proper in- 
tertemporal prices. 

The following two sections are concerned 
with the content of equations (17) as opti- 
mal investment decision rules for the firm 
and for the implications they have with 
regard to the uniqueness of the firm’s 
financing “package.” 


1. Optimal Investment Decision Rules 


Notwithstanding Lintner’s ‘current 
earnings yield” decision rule as a cutoff 
rate for investment owing to his particular 
definition of earnings, the familiar “valid 
and appropriate”’ criterion for determining 


u Note: 


kad 


> [kr/k] 


yamti Í 
1 1 


“Ler t+) perese Ea 


where r(t- 1) is the market discount rate.of period t+ t. 
Thus, this is properly a forward sum of discount factors, 
each elernent discounting back to the end of period t. 
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the optimal size capital budget has the 
firm investing until its marginal internal 
rate of return equals the constant external 
market discount rate. In extension to this 
traditicnal rule, the prescriptions of equa- 
tion (27) are more generally appropriate, 
for they permit a freely given time struc- 
ture for the firm’s discount rate and fur- 
ther accommodate situations with nonneu- 
tral technical change. 

It might be replied that current theories 
do permit a time-varying discount rate 
structure. For, the most commonly em- 
ployec model of the firm’s intertemporal 
investment and financing problem de- 
velops, by construction, an “equivalent 
compcsite” market discount rate, fe, as 
“the” root of the equation 

> 1 S 1 
\t+1 t 
t=) (1 Fre t=0 II (1 ES oy 


T 


When this technique is used, however, the 
effect cf the short rates, r(r) for all r=0, 
1,2,..., are embcdied in r, and particu- 
larly sich that the weight given early 
periods in tke horizon is greater. Thus, 
when the compositing scheme is used to 
simplify the problem the “‘invest-down-to- 
the-corstant-market-rate’’ decision rule 
for an equity cutoff is affected by the mar- 
ket rates of all prior and future periods. In 
contrast, the decision rules developed here 
—equations (17)—-properly show that only 
future calues of the discount rates are rele- 
vant as a basis for establishing the proper 
marginal return from equity. In a reverse 
fashion, the form of A(t), see equation (6), 
as it enters these decision rules means that 
only rior earnings-technical adjustment 
affects the optimal equity “cutoff” with 
no future values, or expectations of them, 
being relevant. 


12 See Miller for a defense of this rule, but also a warn- 
ing thet :t is based on assumptions which are “terribly 
treachercus.” 
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Tuning directly to an inspection of 
equations (17), the decision rules for an 
optimal investment program require: 1) 
that the marginal return to zero-transac- 
tions-cost internal equity, d@(t)/dI(t), 
equal the inverse of the adjusted sum of 
forward discount factors and 2) that the 
marginal return to external equity issues, 
or any equity having transactions costs as- 
sociated, 0¢(t)/OH(t), always equal the 
prevailing marginal external issue market 
value times that same inverse of the ad- 


justed sum of forward discount factors. ° 


Future expectations of an equity issuance 
premium or discount are immaterial. Op- 
timal 7*(t) and #*(t) follow from the si- 
multaneous solution of equations (17). 

If 6(t)=1, implying that shares are 
issued and subscribed at market value, 
and marginal transactions cost are positive 
for any external issue, then external sources 
of funding will not optimally be employed, 


E(t)=0. External. financing will only be ` 


used in the circumstances where a range, 


over E(t), exists such that the marginal. 


external issue market value is less than the 
marginal contribution of an external issue 
to investable funds. (The issuance of stock 


at a premium to market value results in a 


gain to existing shareholders and thus 
affects the tradeoff between internal and 
external generated equity.) Letting J be 
the investable portion of externally ac- 
quired funds (net of transactions costs) 
then 0¢/dE=4¢/dJ-0J/0E and 0¢/dJ 
= 0¢/dI: thus, at the optimum M(t) = dJ(t) 
/OE(t), the equality of the external issue 
marginal market value and marginal con- 
tribution to investable funds, is necessary. 

These new rules are consistent as exten- 
sions to the standard (comparative dy- 
namic) treatments of the firm’s optimal 
investment decision. Indeed, it is of inter- 
est to see the manner in which they special- 
ize under the several restrictions of prior 
studies. Particularly, suppose. the. com- 
monly employed circumstance of constant 


zee l 
\ 
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market discount rates, neutral earnings- 
technical adjustment, and all new shares 
issued precisely at market price. From 
equation (18) it follows that Z(t) = 1/7, 
where 7 is the constant discount rate. Fur- 
ther not distinguishing acquired equity to 
permit associated transactions cost implies 
I(t) +E(t)=B(t), where B(t) is an invest- 
ment aggregate. Thus, the earnings-change 
function simply becomes ¢(t)=¢ [B(t) ], 
and the “minimum” cost financing can be 


- subsequently chosen. With these restric- 


tions, equations (17) degenerate to the 
familiar rule that d¢(t)/dB(t)=7 and, as 
common, the rule simply requires that the 
firm optimally invest “down” to the ex- 


‘ternal market rate. 


2. Dividend Relevancy and Conditions 
for a Unique Financing Progrem 


Turning now to the dividend relevancy 
question popular in both the theoretical 
and empirical literature, the form of the 
present model makes it possible to adduce 
more precisely the conditions under which 
a unique dividend and financing program 
exists. As a precursor to complete condi- 
tions it is first convenient to skecch the 
essence of the Miller-Modigliani proof of 
the immateriality of the equity financing 


_ package. (A representative time t is used, 


but, of course, t could indicate any and 
every period.) 

Specificaily, as M-M, we wish to derive 
the conditions for changes i in Z(t) and E(t) 
which lead to a null effect on V(0). The 
differential of V(0) according to I(t) and 
E(t) can be simply formed from equation 
(8) and set to zero yielding 





(19) [z0 A z J i= 
do(t) 
|Z ()  ~ no | 1B(t) 


If we suppose that 5(t)= 1, M(t)=1 and 
86(t) /dT(t)=0¢(t)/AE(t), which is surely 


pale — 
— > 
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guaranteed by the M-M assumptions of 
“perfect” capital markets, then the con- 
clusions are subsequently clear: so long as 
the firm substitutes retained earnings for 
external equity on a one-to-one basis, or 
conversely, the firm’s initial value will not 
change. And, since dividends are the com- 
plement of retained earnings, the specific 
payout at any point in time is immaterial 
in establishing the value of the corporation. 

The structure of the present model and 
its solution equations offer a convenient 
means to extend and clarify the M-M con- 
ditions. Interpreting the “rational be- 
havior” postulate of M-M, p. 412, par- 
ticularly to mean that the firm not only 
desires but positively acts to achieve max- 
imum shareholder wealth, it is seen that 
the-conditions for a unique, optimal financ- 
ing program to exist are indentical to those 
under which a unique solution exists for 
equations (17). This existence question 


follows directly from the implicit function 


theorem: under circumstances in which the 
Jacobian of equations (19) is nonsingular 
in the neighborhood about the candidate 
optima, there exists a solution for 7*(t) and 
E*(t) solely in terms of model parameters. 
The relevant Jacobian is merely the Hes- 
sian of H(t) by the two decision variables. 
As a result, the role of both the firm’s in- 
vestment possibilities and transaction 
costs in specifying #(t) and the properties 
of the external issue discount/premium 
function, 6(t), are important to the ques- 
tion of a unique financing package. Using 
subscripts to indicate partial differentia- 
tion and dropping time arguments, condi- 
tions for nonunique financing are ZM x 
=(drudza—drz)/br at the optima. One 
idealized case in which these conditions 
hold is that of perfect markets—rational- 


13 Of course, if the firm is maximizing V (0) under these 
specific assumptions then d¢/dl =d¢/dE=Z™ and the 
rate of substitution is ambiguous. We consider this case 
in the sequel. Also, note that if 641 then the rate of 
substitution will not be one-to-one. 
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ity, identical investor expectations (6=1), 
and ro transactions costs (6s=¢r). These 
are the assumptions employed by M-M 
and cen be simply seen to guarantee the 
singulerity of the Hessian at the optima. 
It, however, should be noted that their 
assumptions are a sufficient, but not neces- 
sary, condition for this singularity and thus 
for the “‘irrelevancy”’ of dividends. — 


IV. Conclusions 


Although the economic implications of 
the foregoing model and its development 
have been continuously noted, several 
stand dut for special emphasis. First, and 
at the center of the entire analysis, is the 
precise statement of the firm’s financing 
problem given by the requirement to max- 
im:ze the Hamiltonian. The importance of 
this condition arises not from the fact that 
“direct” and “Indirect” effects must enter 
into the investment and financing de- 
decisian, and that these must be compro- 
mised, but, rather, it stems from the ex-. 
plicit weights given these two effects. A 
second key implication of the analysis is 
that dividend policy does generally affect. 
the maximizing firm’s value. Only under 
those specializing assumptions which give 
singularity to the relevant second-order 
Hessian determinant are dividends, or the 
financing package, irrelevant. Finally, the 
standard ‘‘invest-down-to-the-external- 
discount-rate” theorem has been extended 
to further specify the particular invest- 
ment and financing program which is op- 
timal, to accommodate an index of techni- 
cal progress, to permit external equity to 
be acquired at a premium or discount with 
respect to its market value, and to reflect 
nonconstant external discount rate struc- 


- tures. 


These and the several other conclusions 
of tne present study importantly result 
from z generalization of prior models and 
not, as common, from considering further 
restrictive conditions. Thus, perhaps more 


| 
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useful than any of the specific implications 
derived, the current model lays a firm 
groundwork for further study. For, by giv- 
ing a more analytic and flexible structure 
to the firm’s decision problem a new basis 
is laid for extending the set and treatment 
of involved variables. An obvious first step 
in this direction would be to include debt 
financing as an argument in @ and then 
permit functional dependence between the 
firm’s decisions (and concomitant changes 
in leverage ratio) and its appropriate ex- 
ternal discount ~ate. Also the introduction 
of random elements for the development of 
optimal adaptive decision strategies might 
be highly fruitful. 
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Private Demands for Public Goods 


By THEODORE C. BERGSTROM AND ROBERT P. GcopMAN* 


Goods and services which are publicly 
supplied generally share two features. 
Costs ož these commodities are divided 
among members of the community. De- 
cisions about quantities to be supplied are 
made collectively. Somehow, from a com- 
munity consisting of many individuals 
with different tastes, different amounts of 
wealth, and conflicting interests, a single 
decision must emerge. Quantities must be 
determined and costs divided in some way. 

In this study we develop a method for 
estimating demand functions of individuals 
for municipal public services. Demand will 
depend on the traditional economic vari- 
ables, price and income, as well as on cer- 
tain demographic characteristics of the in- 
dividual and the city in which he lives. 
Knowledge of individual demand functions 
would be useful for many purposes. Such 
uses include: 

1) Prediction of the outcomes of al- 
ternative political decision. methods and 
tax structures in a particular city. 

2) Computation of tax structures and 
expenditure levels which satisfy certain 
preference-based normative criteria such 
as the Lindahl equilibrium. This would en- 
able one to make statements about whether 
“too many” or “too few” public goods are 
actually provided and whether tax burdens 
are divided “equitably” relative to the 
norm employed. 


* Associate professor, department of economics, 
Washington University, St. Louis and economist, de- 
partment of economics and human development, State 
of Maryland, respectively, This research was done at 
Washington University and was in part supported by 
NSF Research Grant GS-3070. A more detailed presen- 
tation of the results is available on request. We are 
grateful for assistance and helpful comments from 
James Barr, Banarsi Dhawan, John Legler, and Richard 
Meadows. 
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3) Investigation of whether there are 
“scale economies” to city size in the pro- 
duction of public services. 

4) Prediction of the effects of pro- 
jected changes in values of economic and 
demographic variables on quantities of 
puolic goods to be supplied. 

In tie case of privately purchased com- 
medities, it is in principle possible to ob- 
serve directly the choices made by indi- 
viduals belonging to a particular demo- 
graphic group under alternative price and 
income situations. This is not in general 
the case with publicly supplied commodi- 
ties.! One is, however, able to observe the 
choices made by many distinct municipali- 
ties. Employing rather simple assumptions 
on the nature of the political process in 
each municipality, this information can be 
used to make inferences about the re- 
sponses of individual demands for munici- 
pal services to price, income and other 
variab_es. 

As en illustration of how this may be 
done, consider the following assumptions: 

I. Units of measurement for a given 
municipally supplied commodity can be 
chosen in such a wzy that each municipal- 
ity J is able to supply the commodity at 
constant unit cost gj.” 


1 This problem and related issues are well discussed by 
James Buchanan and Gordon Tullock. 

2 This will be possible even if communities produce 
public goods using some local inputs whose prices may 
differ from place to place, so long as a) all municipalities 
have identical, homothetic production functions and 
b) ell municipalities face horizontal supply curves for 
inputs. To see this, simp_y choose output units so that 
production takes place at constant returns to scale and 
observe “hat for any community, a change in output so 
measured results in a proportional change in total costs. 
Of cours2 unit costs may differ from place to place, but 
in each place unit costs are constant with respect to 
output. 


w 
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II. For each consumer 7 there is a tax 
share r; such that 1 must pay the fraction 
7; of the total cost of municipal expendi- 
tures in his community. Consumer 7’s tax 
share may depend on his wealth, his in- 
come or other individual characteristics, 
but it does not vary wizh the size of munici- 
pal expenditures nor with the way in which 
he expresses his desires for municipal ser- 
vices. 

HI. Any consumer z living in munici- 
pality 7 is aware of his “tax price,” 7,q; and 
is able to determine the quantity of the 
municipal commodity which he would 
choose for the community given that he 
must pay the fraction 7; of its total cost. 
To do so he needs orly to maximize his 
own preferences subject to a linear budget 
constraint where his tax price for the 
municipal good is rij. 

IV. In each municipality, the quan- 
tity supplied of the municipal commodity 
is equal to the median of the quantities 
demanded by its citizens. 

V. In each municipality the median of 
the quantities demanded is the quantity 
demanded by the citizen with the median 
income for that municipality. l 

Observe that if Assumptions IV and V 
are true, the quantity of municipal com- 
modities chosen by any community is the 
amount which is desired by the consumer 
with the median income for that commu- 
nity. Our assumptions about the constancy 
of r; and q;, enable us to treat the expendi- 
tures of any municipality as an observa- 
tion on the demand curve of a consumer 
with the median income for this municipal- 
ity, where the price he pays for public 
goods is proportional to his tax share.’ As- 
sumptions I~IV are proposed and studied 
by Howard Bowen and independently by 
James Barr and Otto Davis. Assumption 


* A similar approach to the estimation of individual 
demands for public goods is suggested by Robin Barlow, 
by James Barr and Otto Davis, and by Thomas Bor- 
cherding and Robert Deacon. 
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IV will hold if, for example, there is a 
majority voting system in which the quan- 
tity selected is such that half the popula- 
tion wants more and half the population 
wants less than that quantity. 


DEFINITION: An allocation satisfying 
I-IV will be called a Bowen equilibrium. 


_ Circunistances under which V is justified 
will be discussed below. It will also be 
demonstrated that our estimation pro- 
cedure applies under somewhat weaker 
assumptions than V. 


I. Estimating Procedure 


Our sample consists of 826 municipal- 
ities with 1960 populations between 10,000 
and 150,000, located in 10 states.* Multiple 
regression is used to fit a function of the 
form: 


log E = c +alogn + dlog? 


k 
+ elog ¥ + 3° B:X; 


tens J: 


. The symbols are defined as follows: 


E= The expenditures of a municipality 
on a specified category of municipal 
service. In particular, separete re- 
gressions were run for the following 
definitions of Æ. | 

(a) E= Police expenditures. 


4 The states included and the number of observations 
from each are shown in Table 1. Our choice of states was 
determined in part by availability of data and in part 
by a desire to include states which had a large number 
of municipalities. The main limitation of data is the 
availability of figures on equalized assessed valuation by 
municipality. (Connecticut was excluded because of a 
lack of other demographic data.) There are several 
“small” states for which comparable data is available 
but which were not studied because of limitations of 


‘time. Results are reported for al! states which were 
: studied. It was believed that cities with populations ex- 


ceeding 150,000, because of their relative small number 
and because of the more detailed information available 
concerning them, would be more appropriately treated 
in a separate national cross-section study. Places with 
populations below 10,000 were excluded because of a 
lack of comparable data. 
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(b) E= Parks and recreation expendi- 
tures. 

(c) E= Total municipal expenditures 
excluding education and wel- 
fare. 

n=The number of households in a 
municipality. 

?= The tax share of the citizen with the 
median income for a municipality. 

f= Median income in a municipality. 


The X;’s consist of the values of several 
descriptive social and economic variables 
for a municipality. These variables will be 
discussed below. As argued previously, 
Assumptions I-V would permit us to use 
the expenditure of any municipality as an 
observation of the quantity demanded by 
one of its citizens whose income is Y and 
whose tax share is 7. 

Tf all municipally supplied commodities 
were pure public goods as defined by Paul 
Samuelson, the use of a public commodity 
by any consumer would not reduce its 
usefulness to others. If this were the case, 
the size of a city would affect the quantity 
of municipal commodities only indirectly 
through the tax share. In larger cities, costs 
would be divided among more citizens and 
tax shares would tend to be smaller, hence 
individuals would tend to vote for more 
public commodities. 

If there is crowding of municipal ser- 
vices, population size may also have a 
direct effect on individual demands. We 
suggest here a simple model of crowding 
which lends a natural interpretation to our 
population coefficients. Suppose that the 
usefulness of a public facility to any indi- 
vidual is determined by a function of the 
form Z*=n-7Z where n is the number of 
people sharing the good and Z is the quan- 
tity of the public good. Let the utility func- 
tion of any individual, 7, be of the form 
u:(X:, Z*) where X, is the quantity of 
private goods which he consumes. If y=0, 
the public good is a Samuelsonian pure 
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public good. If y=1, the individual’s pref- 
erer.ces are as if he received and enjoyed 
only the fraction 1/n of the total amount 
of the public good. Suppose the unit cost of 
the private good-is p, the unit cost of the 
public good is g, and the tax share of con- 
sumer 7 is 7;. Then his demand function is 
found by maximizing u,(X,, Z*) subject to 


Att TiQ} LN 
or equivalently subject to 
Xi + ranz" S Y; 


Thus, determination of his demand func- 
tion for Z* is formally equivalent to find- 
ing an ordinary demand function where the 
price is r.gn7. Let us suppose that there are 
constant income and price elasticities ô and 
e for the commodity Z*. Then the demand 
function for Z* is of the form, 
cirin T Y : 

The quantity of Z demanded is #” times 
the quantity of Z* demanded. Hence, his 
demand for Z is 

nc [r qn’) Y; = cg Ti Yin pae 


Thus, the coefficient, a, for the elasticity 


' of demand with respect to population 


could be interpreted to be y(1+-6).° 

If y were nearly zero, there would be 
substantial economies to larger city size 
since in larger cities, more consumers 
could share in the costs of municipal com- 
modities with only minor crowding effects. 
Where y is about one, the gains from shar- 
ing the cost of public commodities among 
persons are approximately balanced by the 
disutility of sharing the facility among 
more persons. 

The values of the auxiliary variables 

5 A very similar analysis of crowding is presented by 
Thoras Borcherding and Robert Deacon. Notice that 
if y=1, the demand equation reduces (in log form) to 
log (Efn) = log c48 log (grin)+e log Yi. In this case we 
coulc. consider demands for per capita quantities as a 


functicn of tax price multiplied by population and of 
income. 
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Xi,..., Xz, may have two distinct kinds 
of effects on the expenditure decision of a 
municipality. Some variables appear to 
describe characteristics of a city which 


have fairly uniform effects on the demands ` 


of all its citizens for public services. Other 
variables seem to enumerate a portion of 
the population which may either have 
different tastes from the remainder of the 
population or pay = different tax share 
than persons with similar income. Ex- 
amples of the former type are density 
and employment-residential ratio. Ex- 
amples of the letter type are percent owner 
occupied, and percent of population older 
than 65. In practice, it is difficult to make 
this distinction in an unambiguous way. 
(How would one classify population change 
or percent nonwhite?) The first type of 


effect presents no difficulties for our — 


method of analysis. The second type 
presents problems waich will be discussed 
below. Since we have employed only a 
few of a large complex of interrelated 
social variables, it is difficult to attribute a 
clear-cut causal interpretation to the co- 
efficients of these variables. At best, we 
hope that the variables which we include 
are adequate to eliminate substantial 


distortions of our estimates of price, in- 


come, and population elasticities. 


II. Measurement of Variables 


With the exception of the tax share 
variable, all of our data are available from 
standard sources. Roughly speaking, 
the income and demographic data are 
‘available from the 1960 census of popula- 
tion, while the expenditure data are from 
the 1962 census of governments. 

We measure the quantity of municipal 
services by dollars o- expenditure, median 
income in dollars, ard the tax price of the 
median income consumer by his tax share. 
For this procedure to be literally con- 
sistent with our interpretation of the re- 
gression coefficients of income and tax 
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share as price and income elasticities, we 


must assume that prices of private goods 
and unit costs of public goods are the 
same in each community observed. It is. 
probably not unreasonable to assume that 
most of the supplies purchased by munic- 


ipalities are purchased competitively in the 


same national market. But some of the 
inputs of municipal operations will be 
local labor and local land. Prices of these 
inputs may differ between communities. 
Local prices of private goods will also de- 
pend on local factor prices. Ideally we 
would like to deflate income by a local 
price index for all goods and deflate public 
expenditures by a local price index for pub- 
lic goods. We also would wish to use as our 
tax price variable the tax share multiplied 


_ by thé ratio of local public goods prices to 


local private goods prices. Such local price 
indices are not, however, currently avail- 
able.’ It might not be unreasonable to sup- 
pose that the ratio of prices of public to 
private goods differs little between cities. 
In this case error enters our equation only 
because of the lack of a local price deflator 
for our income and expenditure figures. If 
the income elasticity of demand is close to 
unity, this will not seriously bias our esti- 
mates.’ 


€ It would be possible in principle to construct such 
indices, using consumer budget studies, technical in- 
formation about input requirements, and data on local 
factor prices. 

7 If g and # represent local prices for public and pri- 
vate goods, respectively, then the equation we would 
like to estimate is: 


ee — = c+Halogn + Slog 5) 
q 
+ e log G) + 28:X ‘ 
Rearranging terms we have: 
log E = c + alogn + blog? + clog ¥ + 2B:X; 
+ (1 + 8) logg — G+) log p 


This expression differs from the equation we estimated 
only by the final two-terms. If g and p were uniform 
across cities, the omitted terms would affect only our 


intercept and not our estimates of elasticities. If the 


ratio of p to g were the same in every community then 


ee 


f 
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Measurement of the tax share variable 


presents some conceptual and practical 


difficulties. We should like our demand 
equation to represent the response of in- 
dividuals to the prices and incomes which 
they perceive. If one were to ask several 
individuals what their tax shares are, we 
suspect that few would be able to answer 
the question sensibly without more reflec- 
tion than usually takes place before voting. 
Nevertheless, they may have knowledge 
which is for our purposes equivalent. For 
example, if a citizen knows his municipal 
tax bill and believes that his taxes will 
change in proportion to municipal expendi- 
tures, he will know the cost to him of a 
given percentage change in municipal 
expenditures. Moreover, it is often the 
case in municipal elections that an ex- 
penditure proposal is combined with a 
proposed change in property tax rates. A 
citizen who has some knowledge of the 
assessed value of his property can then 
determine the cost to him of the proposal. 

It seems likely that although individuals 
have some notion of the cost of a proposal 
to them, their perceptions of tax shares 
may be quite imprecise. We formalize this 
idea by assuming that the perceived tax 
shares of individuals are independently 
distributed random variables with ex- 
pected values, equal to the actual tax 
shares. It turns out that in large popula- 
tions the effects of independent errors of 
perception tend to cancel each other and 
that statistical distortions in our estimates 
from this cause are likely to be negligible. 
A formal statement of this proposition and 
its proof is offered in the Appendix. 

In most cities sampled, more than half 
of locally generated revenue comes from 
the property tax. Property tax revenue is 
raised largely from taxes on real property 


the last two terms of the above equation would reduce 
to (1—e) log p (plus a constant). If «is near unity, then 
this term becomes insignificant. 
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(builcings and land) with the remainder 
derived from personal property taxes. To 
estimate the share of the tax on real 
property which is paid by a citizen with 
the median income for his community, we 
assume that in any municipality, the citizen 
with the median income lives in and owns 
the house with median value and that his 
house constitutes his entire holdings of 
real property. For each municipality, © 
median house value is found in the 1960 
U.S. Census of Housing. Tax rates and 
ratios of assessed to market value are 
determined for each community from in- 
formation compiled by the states. The tax 
bill on the house of median value is then 
computed. This figure is divided by total 
property tax revenue for the municipality 
to produce an estimate of the share of real 
property taxes paid by the consumer with 
the median income.® It is assumed that the 
consumer with the median income pays 
the same share of other municipal reve- 
nues as he does of the real property tax. 
This is purely an assumption of conve- 


8 Those differences in median tax share from place to 
place which are not attributable to differences in popu- 
lation are largely due to differences in the amount of 
commercial and industrial property. Implicit in our 
procedure for estimating the tax share of the median 
consumer is the assumption that the burden of property 
taxes paid by commercial and industrial establishments 
is borne by persons living outside the municipality (or 
at least by an electorally insignificant portion of the 
cities’ population). The assumption that individuals 
believe that their tax shares will not be altered if ex- 
penditures increase implies that they assume that the 
percentage of total revenue which can be extracted from 
commercial and industrial property will not change 
with ckanges in total revenue and expenditures. This 
may be somewhat unrealistic. A more thorough investi- 
gation might consider the question of the ability of a 
municipality to extract locational rents in an economy 


where the decision of a firm to locate in the municipality 


depends on levels of taxation and the quantity and com- 
position of municipal taxation. Very little of the revenue 
for the services we study ccmes from other governments. 
The onl exception is local highway expenditures for 
which about 15 to 25 percent of revenue comes fiom 
state collected funds. Even here, the transfers seem gen- 
erally to be of the lump stm type, thus producing only 
a small income effect and no substitution effect. 
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nience which should be modified wherever 
better information is available.’ 

Although independent errors of percep- 
tion by individuals are unlikely to have 
substantial effects on the parameter esti- 
mates, we are left with the problem that 
our own estimates of tax prices may differ 
substantially from the “true” tax prices. 
There are several reasons for this. One 
problem is that the accuracy of our esti- 
mates depends on the accuracy of the 
assessment to market value ratios com- 
puted by state equalization boards. These 
may be subject to substantial error. The 
assumption that the tax share of the con- 
sumer with median income is equal to his 
share of the property tax introduces fur- 
ther possibilities for error, as does the 
assumption that total unit costs of public 
goods are the same in all municipalities. 
Finally, there may be systematic nonin- 
dependent errors of perception in a com- 
munity depending on the information 
made available to its citizens by the 
municipal authorities. If there are errors 
of measurement in the calculation of tax 
shares, the regression coefficients will be 
biased estimators and tend to underesti- 
mate the absolute value of the price 
elasticity. We therefore will compute 
maximum likelihood estimates of the price 
elasticity under some alternative assump- 
tions about the measurement error. 


HI. Legitimacy of the 
Estimating Procedure 


Suppose that the tax share of an in- 
dividual is determined by his income and 
by the community in which he lives. For a 
citizen of municipality z, with income F, 
the tax share will be written 7*(Y). Let the 
demand for a public commodity by a 
citizen of municipality 7 be determined by 


® It is generally quite difficult to assign the burden 
of nonproperty taxes. In the case of Pennsylvania there 
is a municipal income tax for many cities. We have in- 
cluded this tax in our computations of tax shares. 





BERGSTROM AND GOODMAN: PUBLIC GOODS ` 285 


the function D(Y, r*(Y), n‘, X*) where n’ 
is the population and X* a vector of values 
of variables describing municipality 7. 

To examine the effects on demand of 
differences in income within a given com- 
munity, compute the total derivetive of 
demand with respect to income. This is 
dD/d¥Y =0D/dV+(dD/dr) (07 /0Y). Trans- 
forming this result into elasticity form, we 
have (Y/D)(dD/dY) =e+6é where e is the 
ordinary income elasticity of demand, ô is 
the price elasticity of demand, and 
és: (Y/r*)(0r*/OV) is the elasticity of the 
tax share with respect to income. H for all 
values of Y, e+6&>0, then the higher a 
citizen’s income the more he will demand 
of the municipal commodity, if e+-6& <0 
the quantity demanded decreases with 
income.’° In either case, quantity de- 
manded is a monotone function of income. 
It would then follow that the quantity 
demanded by the citizen with the median 
income in any municipality is also the | 
median quantity demanded in that munic- 
ipality. In such cases if we are willing to 
assume that the municipality is in Bowen 
equilibrium, the estimating procedure sug- 
gested in the previous section will give us 
reasonable estimates of price and income 
elasticities of demand. - 

If, however, +6 is positive for some 
levels of income and negative for others, 
the quantity demanded will nat be a 
monotone function of income. In this case 
the median quantity demanded will not in 
general be the quantity demandec by the 
consumer with the median income. 

For example, in Figure 1, if the incomes 
of half the population lie in the intervals 
OA and BC while the other half of the 
population has incomes in the interval AB, 
then the Bowen equilibrium quaniity will 
be OE rather than OD, which is tke quan- 
tity desired by the consumer with median 


10 These notions are also introduced by Buchanan 
(1964). 
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quantity 
demanded 





FIGURE 1 


income Y. Obviously, with alternative tax 
structures, a wide variety of cases can be 
constructed in which the quantity selected 
exceeds or falls short of the quantity de- 
manded by the citizen with median in- 
come. If there were frequent and sub- 
stantial variations of this kind, our pro- 
cedure would not be expected to give rea- 
sonable estimates of the income elasticity 
of demand. 

Similar difficulties arise if there are 
differences in tastes or in tax share func- 
tions for different segments of the popula- 
tion of a municipality. Suppose, for ex- 
ample, that renters believe (whether 
rightly or wrongly) that they do not pay 
the entire property tax on their housing. 
Their perceived tax shares will then be 
lower than those paid by home owners. 
One would expect them to vote for more 
public services than their home-owning 
counterparts. The half of the population 
desiring the larger amount will consist of 
proportionally more renters than home- 
owners. There is again no reason to expect 
the median quantity desired to be the 
quantity desired by the consumer with 
the median income. In general, the Bowen 
equilibrium quantity will depend on the 
shape of the entire income distribution 
functions of each group. 
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S 

Here, however, things are not quite as 
chaotic as they may seem. One can make 
perhaps not grossly unrealistic assump- 
tions which would allow him to use the 
estimating procedure previously outlined. 
Matters are greatly simplified if we make 
certain regularity assumptions about in- 


come distributions. We present a theorem 


which allows us to use the estimating pro- 
cedure cf the previous section even though 
there may be differences in tastes or in tax 
share schedules within communities. 

Consider a set M of cities. Let P? be the 
set of ccnsumers in city 7 where iE M. Let 
{Pi,..., Pi} bea partition of P, where 
A; is the ratio of the number of members of 
P; to the number of members of P*. (For 
each i€M, > *.,Nj=1.) Let Fi be the 
cumulative income distribution function 
for P;. Thus, Fj(Y) is the ratio of the 
number of members of Pi with incomes not 
exceeding Y to the total number of mem- 
bers of 7; 


DEFINITION: Income distributions are 
said to be proportional in M (with respect to 
the partition {P},..., P,}) tf there exist 
functions F;, such that for each iGM there 
is a real number k:>O where, for all 
j=1,..., n, F(Y=FARY). 


The following remark may help to give 
intuitive meaning to this definition. Sup- 
pose that in municipality 1, the cumulative 
income distributions for the subsets 

l ..., Pl, are Barwa: Fl. (These 
functiors need not bear any similarity, to 
each otter.) Suppose that income distribu- 
tions in any other city 7CM@ are the same 
as the income distributions in city 1 would 
be if the income of every citizen of city 1 
were multiplied by some number &,. In- 
come distributions would then be propor- 
tional ir M. 

We cén now state Theorem 1. A preer) is 
suppliec in the Appendix. 


THEOREM 1: Suppose that for each city 
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LEM, the population is partitioned as in the 
above discussion. Let income distributions 
be proportional in M with respect to the 
partition {Pi,..., Pi}. Let the tax shares 
of members of F; with income Y, to be de- 
termined by a function of the form ri(YV) 
= rir, Yt (where ri and r; are constants de- 
pending on an irdividual s community and 
his subset). Let the demands for a public 
good of a member of P; with income V be 
determined by a function of the form 
cf(X*) [Y JY. Suppose also that income 
distribution functions satisfy certain con- 
tinuity assumptions (which are made ex- 
plicit in the procf) and that e+& +0. Then 
the median quantity, Ê’, of a public good 
demanded by citizens of i ts determined by 
a function of the form 


i t a r atge 
Ana f(X [A] [F] 
where h is a continuous real valued function 
of the vector (Ni, ..., A4), Vt is the.median 
income for the ertire city i, and #; is the tax 
share of a member of P! whose income is Yi. 


E; = AOA, eats 


The point o: the theorem is that it 
allows us to use Yi as the only variable 
describing income in city z and to use the 
coefficient e as an estimate of income 
elasticity. Witnout the assumption of 
proportionality of income distributions, 
the quantity £‘ would generally depend on 
the detailed structure of income distribu- 
tion in each subset, P%. 

Nothing is said here about the functional 
form of A, which in general will be rather 
complicated. However, if we are willing to 
approximate the effect of the X’s as either 
linear or log-linear, we can estimate the 
income and pr-ce elasticities from cross- 
sectional observations of the expenditures 
of municipalitiss, their median incomes, 
and the tax shares of consumers of one type 
with the median income for the munic- 
ipality. It is this result which justifies, for 
example, our use of “percent owner oc- 
cupied’”’ as an independent variable, our 
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use of the tax share of a home-owner with 
the community median income as the tax 
share variable, and median income for the 
community as the income variable. 


IV. Results of the Regressions 


We were pleased to discover that our 
estimates of income elasticity were usually 
significant and positive and the estimates 
of price elasticity were usually significant 
and negative. In no case was an estimated 
elasticity coefficient both significant and of 
perverse sign. The results for the individ- 
ual states are reported in Tables 1-3. 
Table 4 reports the results when all ob- 
servations are pooled. For these regres- 
sions, dummy variables were used to allow 
the regression line a different intercept for 
each state. Although the results for the 
separate states are roughly similar, and 
there is considerable regularity in the signs 
of coefficients, the F-test would lead us to 
reject the hypothesis that mean square 
errors of the estimates are reduced by pool- 
ing the data. (See C. Toro-Viscarrondo 
and T. Wallace.) Some of the states could 
be combined successfully according to this 
criterion. However, rather than apply ad 
hoc methods, we would prefer to defer 
further efforts at pooling data until better 
measurement and perhaps better speci- 
fication of variables is made. Ideally, we 
would hope that with proper measurement, 
it will be discovered that the coefficients of 
our dependent variables are not sig- 
nificantly different between the states. For 
the present we must settle for the rough 
similarity which we do find. It may never- 
theless be convenient occasionally to use. 
our estimates of the coefficients from the 
pooled regressions as crude summaries of 
our results. 

Estimates of y, the crowding parameter, 
were made by computing the ratio a/(1+5) 
where a and 6 are the estimated elasticities 
of expenditures with respect to population 
and tax share, respectively. For most 
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TABLE 1-—-DETERMINANTS OF CURRENT GENERAL EXPENDITURES OF MUNICIPALITIES IN 19628 
(excluding education and w2lare) 














Coefficierts of other California TIllinais® Michigan Minnesota Missouri New New Ohio Pennsyl- Wisconsin 
variables Jersey York vania 
Income elasticity e 0.28 1.73* 0.88* 1,29* 1.65¢ 0.76% 1.03* 6. 80° 0.37 0.16 
0.17 6.44 , 0.22 0.38 6.46 0.14 6.17 6.19 0.26 8.37 
Tax share elasticity 6 —0.39* —0,29% —G.41* ~-—8.25* —6.25 —0.13* —0.50% —0.21* ~—0.15 —6.01 
0.08 0.08 0,13 0.11 0,31 0.05 0,14 0.10 0.10 0.07 
Population elasticity a 0.67* 0.46" 0.58* 0.69* 0,.94* 0.97" 0.75% 0.85* 0.99* 1.00* 
0.09 0.42 0.14 0.19 0.33 0.06 0.15 0.4] 0.12 O.f1 
Crowding parameter 
*+y = (a/(1-+8)) 1.10 0.65** 0.98 0.92 1,25 1.11* 1.50** 1.08 1.16** 1.01 
Percent population change —0.06* '—0.10 —0.00 —0.03 —0.03 0.02 -0.03 —0.08* 0.03 —0.07* 
(1950-40) 6.08 0.07 0.02 6.02 0.03 0.03 0.17 6.02 0.02 0.03 
Employment residential 0.11% —6.08 0.22 —0.13 ~~. 02 G.24* 0.16 0.05 0.22* 0.12 
ratio 80.03 0.12 0.12 G.4i 6.36 0.04 0.05 0.05 0.07 0.15 
Percent owner occupied —0.07 —1.56 —1.71* —3.21* 0.05 —0.78* —1,68* —0.58 -0,35 0.35 
0.28 0.82 0.52 1.01 1.15 0.24 0.45 0.39 0.52 0.67 
Percent nonwhite 0.45 1,95* -—0.20 12.79 1.80 1.35* —0.19 0.75 0.48 3.63 
0.46 0.92 0.54 10.92 2.23 6.33 0.72 0.89 0.57 2.58 
Density . —0.07 0.05 —0.02 0.03 —0.30 —0.03 wml}, 22% —0.15* 0.08 0.02 
n 0.05 0.12 0.07 0.08 0.17 0.04 0.05 0.07 0.06 0.06 
Percent population 65 ~+- 1.69* 4,21 —1.35 1.49 8.85" 1.32 3.70" 0.37 1.10 —0. 57 
0.81 2.68 1.76 2.01 2.67 9,96 1.47 1.415 4.72 2.37 
Percent Eving in same —i.21* — 57 0.96 —1,48* 2. 88™ 0.68 oo 1 27 —0.79 ~0. 88 —0.60 
house (1955-60) 0.35 0.88 0.58 0.66 1.09 0.43 0.64 0.51 0.56 0.75 
Intercept 3.02 —9.81 —1.48 —6.08 .—11.45 —7.01 -1,68 —4.09 md 56 —2.68 
Number of observations 160 62 70 36 33 120 74 106 124 41 
R 89 .80 91 89 89 94 94 87 81 .96 
& Values in italics are the standard errors of the coefficients. 
b Excluding Cook County. 
* Indicates a coefficient that is significant at the 95% confidence level. 
** Indicates a value of y that is significantly different from f at the 95% confidence level. 
TABLE 2—DETERMINANTS OF MUNICIPAL EXPENDITURES ON POLICE IN 19628 
Coefficients of other California Illinois? Michigan Minnesota Missouri New New ' Ohio — Pennsyl- wisconsin 
variables Jersey York vania 
Income elasticity « 0.26 1.89* 6.54 0.80 1.04* 6.94* 1.78* 1.08* 0,.99* 0.95 
0.16 0.34 0.62 @.41 0.22 0.14 0.77 0.17 0.42 0.86 
Tax share elasticity ô —0.25* —0.19* —0.76% —0,13 —0.29 —0.15* —0,31 —0.18* 0,36" —0.15 
0.07 0.06 0.36 0.13 0.19 0.05 0.64 0.09 0.15 0.16 
Population elesticity a 0.75" 0.56* 0.26 0.83* 0.74* 0.81* 1.02 0.77° 0.67* 0.75* 
0.08 0.09 0.40 0.20 0,2! 0.07 0.70 0.10 0.18 0.25 
Crowding parameter 
y=(a/i14+8)) 1.00 0.69** 1.08 0.95 1.04 0.95 1.48 0.94 1.05 0.88 
Percent population change —0.04* —0.06  —0.07  —0.04 0.01 0.04 —2.73* —O0.01 0.06  —0.14* 
(1950-60) 6.01 0.05 0.05 0.62 0.02 0.03 0.77 0.02 9.03 0.06 
Employment residential 0.08* —0.04 —0.27 —0.10 0.06 0.21" ~—O.14 0.06 0,20 0.19 
ratio 0.03 0.09 0.33 0.12 0.22 0.04 0.23 0.04 0.12 0.36 
Percent owner occupied —0.19 —2.25* —0.51 —3.61* ~—0.81 —0.65* 1.16 —0.59 0,38 —0.08 
0.26 0.62 1.47 1.10 0.7! 0.24 2.07 0.35 0.8] 1.57 
Percent nonwhite 0.69 1.53* 0.13 0.97 0.87 1:21" 2.32 1.43 0.04 —1.55 
0.42 0.70 1.52 11.94 1.38 0.34 3.30 0.80 0.89 6.07 
Density —0.02 0.01 0.03 0.05 —0,09 0.07 ome 46" 0.05 0.55" 0.20 
. 0.04 0.09 0.21 0.08 0.10 0.04 0.23 0,07 0.09 0.15 
Percent population 65-4- 0.99 —0.97 1.21 —9.85 1.46 0.55 10.38 —1.39 0.77 2.47 
0.74 2.03 4.93 2.20 1.66 0.98 6.77 41.03 2.68 5.58 
Percent living in same —0.70* 0.53 0.06 —0.74 —0.33 0.47 woe 11% 0.25 ~~ 1.50 —2.39 
house (1955-60) 0.32 0.67 1.64 0.72 0.62 0.44 2.96 0.46 0.87 1.76 
Intercept ; —0.80 —13.70 4.36 —5.59 -7,12 —9.24 8,58 —9.90 —11.31 —9.02 
Number cf observations 160 62 70 36 33 120 74 106 124 41 
R? -89 .87 .57 „88 .95 92 .69 .89 „69 .88 





& Values in ‘talics are the standard errors of the coefficients. 


` b Excluding Cook County. 


* Indicates a coefficient that is significant at the 95% confidence level. 


** Indicates a value of y that is significantly different from 1 at the 95% confidence level. 
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TABLE 3—DETERMINANTS OF MUNICIPAL EXPENDITURES ON PARKS AND RECREATION IN 19628 








Coefficients of other New New 








peices California Illinois? Michigan Minnesota Missouri poney yop Obio Pennsy!- wisconsin 

Income elasticity e 0.10 3.54 1.25 2.19" 2.81* 2.28* 1.74* 1.50* 1.76% —1.87 
0.44 1.98 6.66 6.83 0.94 0.54 6.64 6.55 0.80 1.18 
Tax share elasticity å ~—0,68* 0.01 0.25 —0. 39 —0.24 ~~ .00 ~—O Bi —0.49 6.02 —6.13 
0.20 0.37 0.38 0.25 0.63 0.47 0.53 0.28 0.29 6.22 

Population elasticity a 0.67* 1.01 1.49* 0.74 1.11 1.28* 0.69 0.60 1,72* 1.19% 
' 0.23 0.52 0.43 0.41 0.69 0.25 0.58 0.34 0.36 0.35 

Crowding parameter f 

y={a/(1-+8)) 2.09** 1.00 1.19 1.21 1.47 1.28 3,.63** 1,18 1.69 1.37 

Percent population change —0.11* 0.33 0.01 —0.02 —0.22* —0.15 4.42* —0.08 0.05 —0. 44” 
(1950-60) 0.02 0.30 0.05 0.04 0.07 0.12 0.64 4.06 0.07 0.08 
Employment residential 0.08 0.05 1.25* —0.19 1.22 0.41* 0.35 —0.10 0.83* —0.83 
ratio 0.09 0.51 0.35 0.24 0.75 O16 0.19 0.14 0.23 0.49 
Percent owner occupied 0.00 ~~ 4 3 0.25 —4.90* 4.08 —2,06* —3,48* —0.27 0.23 2.46 
9.73 3.64 1.56 2.20 2.39 6.9 1.72 1.43 £.58 2.15 
Percent nonwhite —2.06 me 5 O06 —0,33 —1.69 —0.57 2.31 1.66 3.03 —0.23 —5.41 
1.19 4.09 1.61 23.95 4.61 1.28 2.75 2.62 1.74 8.35 
Density 0.05 0.49 —0.39 0.15 0.26 0.38* -0.21 —0.31 0,35" —0.19 
0.13 0.52 0,22 0.17 0.55 0.16 0.19 0.21 0.17 0.24 
Percent population 65+ 1,22 25.87* —8.23 &.99* 11.25" 3.92 14.27* —2,33 7.141 . —4.85 
2.10 tt.9i 5.25 4.145 5.53 3.68 3.64 3.38 5.24 7.67 

Percent living in same —1.00 (92 0,81 —2.38 —9.27 O57 om 314 —0,.90 —4.77* —5.29* 
house (1955-60) 0.92 3.93 1.74 1.45 2.06 1.65 2.46 1,49 1.70 2.42 
Intercept — 3.84 ~40.84 —-19.33 —15.99  —31.62 —23.20 -8.03 —12.99 —29.73 15.87 
Number of observations 160 62 70 36 33 126 74 106 124 ži 
R . .67 35 63 79 .83 .62 67 56 .40 .86 


a Values in italics are the standard errors of the coefficients. 

b Excluding Cook County. 

* Indicates a coefficient that is significant at the 95% confidence level. 

** Indicates a value of y that is significantly different from 1 at the 95% confidence level. 


states, the estimates of y for police ex- 
penditures and general expenditures are 
strikingly close to unity. We applied an 
F-test to determine whether to reject the 
hypothesis that the linear restriction 
a=1-+-6 applies. In all states but Illinois 
and in the pooled regression, the test 
strongly suggests that the null hypothesis 
should be accepted for police expendi- 
tures. For general expenditures, we would 
have to reject the null hypothesis at the 5 
percent level for about half of the states 
and for the pooled regression. However, in 
all cases except Illinois we would reject the 
hypothesis that y<1. The test also sug- 
gests that for parks and recreation ex- 
penditures, y is one or greater. - 

Some economic implications of the 
values of the price and income elasticities 
and the coefficient, y, will be discussed in 
the next section. 

A few speculations about the effects of 


some of the auxiliary variables may be 
justified by the degree of regularity with 
which the same signs appear. The differ- 
ences in their sizes and the possibility of 
correlation with other more “truly ex- 
planatory”’ variables does suggest caution 
in making causal interpretations. The 
reader is, of course, invited to make his 
own speculations. 


Percent owner occupied: As argued earlier 
in this paper, it may be that renters do not 
believe that they pay the entire property 
tax on their housing, and tend to vote for 
more public expenditures than home- 
owners with the same income. If this is the 
case, one would expect the negative co- 
efficient which we find for this variable. 


Employment-Restdential ratio: Communi- 
ties with high values for this variable 
would tend to have a large amount of com- 
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TABLE 4-—-DETERMINANTS OF MUNICIPAL EXPENDITURES, 1962 
ALL OBSERVATIONS POCLED® | 


Income elasticity e 
Tax share elasticity 6 ~ 


Population elasticity a 


Crowding parameter y= (@/(1+8)) 

Percent population change 
(1950-60) 

Employment residential ratio 

Percent owner occupied 

Percent nonwhite 

Density 

Percent population 65-+ 


Percent living in same house 
(1955-60) 


General Police Parks & 
Expenditures Expenditures Recreation 
0.64* 0.71* 1.32" 
0.07 0.13 0.22 
—0.23* —0.25* —0.19* 
0.03 0.05 0.08 
0.84* 0. 80* LIP 
0.03 0.06 - O11 
1.09** 1.07 1.44** 
—0,04* —0.04* — 0, 08* 
0.01 0.01 0.02 
0. 12* 0.01 0.24" 
0.02 0.04 0.06 
—0.77* —1.12* —~0.78 
0.13 0.25 0.42 
0, 84* 0.90* —0.20 
0.19 0.36 0.60 
—0.07* 0.01 -0.02 
0.02 0.04 0.06 
1.75* 1.27 4,94* 
0.45 0.85 1.43 
—0.65* —0.77* ~ | .99* 
0.17 0.32 0.53 


JUNE 1973 


2 Values in italics are the standard errors of the coefficients. 
* Indicates a coefficient that is significant at the 95 percent confidence level. 
** Indicates a value of y that is significantly different from 1 at the 95 percent level. 


mercial or industrial activity. It may be 
that larger amounts of public services must 
bé provided in order to attract and retain 
such activity. This might explain the posi- 
tive efect which we find. 


Population change: Cities which have 
grown rapidly may not yet have achieved 
a political equilibrium. Time is required 
for a rapidly growing city to gain a political 
consensus for expanding public services. 
Inertial effects may also result in larger 
expenditures in places with declining 
population. This might explain our nega- 
tive coefficient. | 


Percent of population over 65: The life cycle 
hypothesis would predict that persons 
over 65 years of age tend to spend a 
larger portion of their current income on 


current consumption than younger people. 
If demand for public goods as a fraction 
of total demand does not diminish with 
age then one would expect an aged person 
to demand a larger quantity of public 
goods than a younger person with the same 
income and tax share. The effect of this 
variable would then be positive, which is 
what we usually find. 

The variables, percent nonwhite, per- 
cent who lived in the same house from 
1955 to 1960, and population density, fre- 
quently had coefficients significantly dif- 
ferent from zero. We have no particularly 
compelling explanation for the pattern of 
signs which emerges. Although these vari- 
ables are included in the regressions re- 
ported, the size and significance of the 
other coefficients are not substantially 
altered when we exclude them. 


"~ 
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TABLE 5 SEN 








If 95 percent of the 
measured values? 
liein theinterval [.57*, 27*] 
[, | where T* is 
the “true” value 
of median tax 
share 


then the maximum . 
likelihood esti- 
mate of å is 


— .83 


We experimented with the use of some 
other variables, including population per 
household, median school years com- 
pleted, percent of population less than 18 
years old, whether a municipality was a 
suburb or not, percent of the population 
with annual incomes below $3,000 and 
percent of the dopulation with annual in- 
comes exceeding $10,000. Each of these 
variables proved to have statistically in- 
significant effects in all or nearly all of our 
regressions. 

The fact tha- the variables representing 
percentages of populations at the extreme 
ends of the income distribution were 
almost always insignificant provides mild 


evidence in favor of our hypothesis that 


the consumer with the median income also 
demands the median quantity of public 
goods. It is of some interest to observe 
however, that for California, the percent- 
age of the application with income under 
$3,000 has a significant and positive effect 
on demand. When this variable is included, 
the coefficient of median income for Cali- 
fornia rises “rom values considerably 
lower than those displayed for other states 
to values quite similar to the others. 

It was thought that perhaps our esti- 
mates would be overwhelmed by the effects 
of population size. In particular there is a 


strong negative correlation between popu- . 
lation and tax share (because in larger - 


cities taxes ar2 divided among more per- 
sons). It also seemed possible that the 


— .30 


[.577*,1.78T*] [.66T*,1.5T*] [.757*,1.337*] [.97*,1.117*] No 


error 


—- 20 — 24 — 23 


effects of some of our variables might be 
substantially different in cities of different 
size, either due to differences in political 
structure or uncaptured social differences. 
We thezefore stratified our sample into 


nine population subgroups. Again, our 


coefficients were almost all reasonable and 
fairly similar between groups. For no 
population subgroup were we able to reject 
the hypothesis that y= 1. 

As mentioned above, we computed maxi- 
mum likelihood estimates for the regression 
coefficients under some alternative assump- 
tions about errors in the measurement of 
tax share. The only coefficient which was 
substantially affected was the coefficient of 
tax share itself. In Table 5 we report the 
maximum likelihood estimate of the tax _ 
share elasticity 6 where there is a lognor- 
mally distributed measurement error with 
alternative variances. These values apply 
to the pooled regression on general ex- 
penditures. The effects on the’ other re- 
gressions were similar. 


V. Some Implications of the Results 


The reasonable values which we find for 
our coefficients lend at least some support 
to the hypotheses which we make about 
political behavior. These hypotheses in 
turn provide a useful tool for the estima- 
tion of the effects of income, price,’ city 
size, and other social variables on demand 


u We follow the maximum likelihood procedure sug- 
gested by John Johnston, pp. 168-70. 
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for public commodities. The reader would, 
of course, do well to maintain a degree of 
skepticism about the values of the co- 
efficients which we find. Strong assump- 
tions were made to derive the estimates. It 
is possible that more precise measurement 
of the variables and additional tests of the 
assumptions would result in quite different 
estimates of demand functions. 

Here we examine some implications of 
the parameter values which we find. The 
reader is free to apply the analysis below 
to the implications of any alternative esti- 
mates which he prefers. 

Suppose that the only real property 
holdings of voters are their dwellings and 
that the tax share of a voter is proportional 


to his holdings of real property. The most _ 


commonly accepted estimates of the in- 
come elasticity of demand for housing ap- 
pear to be between 1 and 1.3.” This would 
imply an elasticity, &, of tax share with 
respect to income in the same range. For 
most of our regressions (exceptions are 
California and Pennsylvania) we estimate 
the income elasticity, e, to be substantially 
greater than —(1.3)6. Thus, we would ex- 
pect that e+£5>0. According to our 
earlier discussion one would expect that 
in most cities, citizens with incomes ex- 
ceeding the median would vote for in- 
creased expenditures and citizens with 
lower incomes would vote against in- 
creased expenditures.}° 

The Lindahl solution for allocation of 
public goods has predictive and normative 
‘properties which are attractive to many 
economists. Under quite reasonable as- 
sumptions, Lindahl equilibrium exists, is 
Pareto optimal, and is in the core.!* In 


12 See for example the papers by Richard Muth and 
Frank de Leeuw. 

13 An interzsting piece of independent evidence indi- 
cating the same conclusion is provided by Harlan Hahn 
and W. B. Shephard’s study of precinct voting in munic- 
ipal referenda. 


14 See the papers of Erik Lindahl, Duncan Foley, and | 


Bergstrom (1970). 


JUNE 1973 


Lindahl equilibrium, tax shares are ar- 
ranged in such a way that all consumers 
demard the same quantity of each public 
commodity. It has frequently been pointed 
out thet if an individual’s stated prefer- 
ences for public commodities influence his 
tax share, it is usually in his interest to 
misrepresent his preferences. This diff- 
culty would seem to greatly reduce the 
practical usefulness of the Lindahl system 
as an allocative device. As our paper sug- 
gests, it may nevertheless be possible to 
gain approximate information about the 
preferences of broadly defined social 
groups f one observes the voting behavior 
of individuals under circumstances where 
it is reasonable to believe that an in- 
dividual’s expressed desires. concerning 
levels of expenditure do not influence his 
tax share. 

A Bowen equilibrium is not, in general, 
Pareto optimal. For “most” Bowen equi- 
libria one could find an alternative dis- 
tribution of the tax burden and alternative 
levels of public expenditure which would . 
result in a Pareto-superior allocation. One 
might wish to ask whether a certain 
Bowen equilibrium results in “too little” 
or “too much” public goods. This ques- 
tion is not generally answerable on the 
basis simply of the Pareto criterion. As 
Paul Samuelson stresses, there are an 
infinity of Pareto optimal allocations 
correspending to different points on the 
“utility possibility” frontier. Generally 
there will be different quantities of public 
goods for different Pareto optimal alloca- 
tions. Some of these quantities may be 


larger and some smaller than the Bowen 


equilibrium quantity considered. 

A more determinate normative criterion 
would be to compare a given Bowen 
equilibrium to the Lindahl equilibrium 
correspcnding to the initial distribution of 
income. If voters of all incomes are to 
agree about the quantity of public goods 
to be supplied, the tax schedule must be 
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such that e+é£6=0.° For a community 
with known values of —e/6 and £, we could 
compute both the Lindahl equilibrium and 
the Bowen equilibrium if we had full 
knowledge of the income distribution. It is 
in general not possible with knowledge 
only of —e/é and & to determine in which 
case the quantity of public goods is larger. 

If, however, we assume that the elastic- 
ities, é and —e/ô are constant over all in- 
comes, we can provide a partial answer to 
this question given only limited informa- 
tion about the income distribution. In 
particular, in either Bowen equilibrium or 
in Lindahl equilibrium the quantity sup- 


plied will be equal to the quantity de- 


manded by the citizen with median income. 
To determine in which case he demands 
more, we need only to determine whether 
his tax share is lower in Lindahl equilib- 
rium or in Bowen equilibrium. Where price 
elasticities are negative, the Lindahl equi- 
librium quantity will exceed the Bowen 
equilibrium quantity if, and only if, the 
tax share of the consumer with median 
income is lower in Lindahl equilibrium. 
In another paper (1973), Bergstrom has 
shown that if mean income in a commu- 
nity exceeds median income, if —e/é>1 
and §£<—£/6, the tax share of the citizen 
with median income will be lower in 
Lindahl equilibrium than in Bowen equi- 
librium. Our estimates suggest that each 
of these assumptions is likely to hold. It 
then follows that in the communities we 


16 Where some of the burdens of taxes and benefits of 
public goods are shared by noncitizens, we might choose 
to define Lindahl equilibrium in a municipality either 
as a situation in which there is agreement among all 
citizens or among all interested parties. If we take the 
former approach, Lindahl equilibrium is not necessarily 
Pareto optimal from the viewpoint of the national econ- 
omy. Even here, one would expect that competition 
among municipalities for local industry would tend to 
result in efficient provision of public services. In any 
case, Lindahl equilibrium does require that there be 
agreement among citizens of all incomes. Thus, the 
requirements for income elasticities of tax shares remain 
unaltered. 
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observe, less than the Lindahl equilib- 
rium quantity is provided. One could 
argue that this result provides some evi- 
dence to support John Kenneth Gal- 
braith’s contention that in reaching a 
“truce on income distribution’? commu- 
nities arrive at a quantity of public goods 
which is less than optimal. On the other 
hand, our estimates of income elasticities 
of less than unity for general municipal 
expenditures would seem “anti-Gal- 
braithian.’”® 

Our results suggest that the crowding 
parameter y generally has a value of one 
or greater for cities with populations be- 
tween 10,000 and 150,000. One could in- 
terpret this to mean that as the size of 
municipalities increases, the advantages of 
sharing the cost of public services among 
more persons are countervailed by the 
costs of sharing the services among more 
persons. An alternative statement of this 
proposition would be that over the range 
of city sizes which we studied, there ap- 
pear to be no economies of scale to larger 
municipalities in the provision of public 
goods. It should, of course, be understood 
that this statement savs nothing about the 
question of whether there are economies of 
scale to production of publicly supplied 
goods measured in some choice of physical 
units, but relates only to net effects of city 
size after crowding phenomena are ac- 
counted for. 

One might reasonably ask why, if there 
are not increasing returns in the municipal 
provision of the goods and services which 
we study, is their provision in the public 
domain. The answer may be that there 
are substantial scale economies in the 
collective provision of these commodities 


is Galbraith’s position, however, rests at least in part 
on the claim that expressed demands are a distortion 
of underlying “true” preferences since greater advertis- 
ing of private goods reduces relative expressed demands. 
Hence he might choose to deny any normative signifi- 
cance for the demand functions which we estimate. 
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for units of smaller size than the cities 
which we consider.” This could provide 
sufficient reason that they be collectively 
provided. It may be that once some critical 
size is achieved, city size becomes largely a 
matter of indifference from an efficiency 
viewpoint over a fairly large range of 
sizes. Some corroborating evidence is pro- 
vided by the fact that in metropolitan 
areas, contiguous municipalities frequently 
differ substantially and seemingly arbi- 
trarily in size. 


APPENDIX 
Part I: Individual Errors of Perception 


We introduce three lemmas, the first two 
of which were proved by Mosteller. 


LEMMA 1: If a random sample of size n is 
drawn from a probability distribution, f, which 
is continuous and nonvanishing in a neigh- 
borhood of its median, X, then the sample 
median X (n) is asymptotically normally dis- 
tributed. (as n becomes large) with expected 
value X cnd variance o(n) =1/(4n[f(X) }) 
where limitn+ o?(") =0. 


LEMMA 2: Let the random variable 6(n) be 
a function of the values X1,..., Xn ina 
random sample of size n drawn from a prob- 
ability distribution f. If 0(n) is asymptotically 
normally distributed and lim,,.. [H#6(n)|]=6 
where the asymptotic variance of O(n) is zero, 
then if 


g[0(2) | 


ts a continuous real-valued function with a 
nonvanishing derivative in a neighborhood of 
6, g[0(n)] is an asymptotically normally dis- 
iribuled random variable such that 


lim E[g(o(x))] = g(@) 
Tom oG 
and the asymptotic variance of g is zero. 


1 In the case of municipal courts and some policing 
functions it might be argued that these are social reasons 
for public provision quite distinct from economies of 
scale. | 


a 


JUNE 1973 


LEMMA & 1f Xa, vee hay f peis Yn 
are symmetrically distributed and mutually in- 
depencent random variables and if Z;= X;+Y; 
for i=1,..., n, then E(Z)=E(X)+E(Y) 
where ` denotes the sample medran of a random 
varichle. 


PROOF: 


Since X, Y, and Z are symmetrically dis- 
tributed. i if we let a bar denote the sample mean, 
then 


E(Z) = E(Z) = E(X)+ E(¥) = E(X)+ E(Y) 


THEOREM: In a municipality with n cili- 
zens, let the demand oj consumer i with income 
Y; for 1 public good be a random variable 


D; = clr (Yal Y 
Lel 
Ava 


be the “true” tax share and 7r*(Y¥;) =Z,r(¥;) 
be his terceived tax share where Z; is a random 
variable. Suppose thai the values of Y and Z 
for the bopulation of the city are determined by 
a randcr sample of size n drawn from a popu- 
lation im which log Z and log Y are inde- 
pendenly and symmetrically disirtbuted and 
where EVlog Z) =0 and E(log Y) =log Y where 
Y is the observed medion income in the munici- 
pality. Then if D is the median quantity de- 
mandea by citizens of the municipality, log D 
=log c+ô log r(¥)+e log Vy where y is 
asym blovically normally distributed with mean 
of zero crd asymptotic standard deviation equal 
lo zero. 


PROOF: 
From. the demand equation we have, 
log Dy = (6& + eh log Y; + blog Z: 


Applying Lemma 3, we have 


Eog D) = E| (êt + e) log Y] 
A 
+ EG log Z) + loge 


where the hat denotes the sample median. 
But for any monotonic function f, f(x) =/(#). 
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Hence, 


'E (log D) = El (st + ©) log Î) 


+ E(è log Z) + logc 
Lemma 2 implies that 
lim E (log D) = (8¢ + €) log | lim E( Y)| 


i oO 


+ log | lim E(Z)| + loge 


%— oo 


Applying Lemma 1 and our assumptions 
about the distributions of Y and Z, we have 


lim E (log D) = (6 + e) log Ÿ + loge 


= logc + dlogr(¥) + clog Ÿ 


By Lemma 1, the asymptotic variance of 
log D is zero. The theorem follows 1mmedi- 
ately. 


This result provides us with a partial justi- 
fication for presuming that individual errors 
of perception will have no statistically un- 
pleasant effects if the population is very 
large. Two problems remain. The Theorem 
assumes that log Y is symmetrically dis- 
tributed. If this is not the case, then Lemma 
3 does not apply and e log ¥Y+6 log 7(Y) 
-log c may be a biased estimate of log D. 
This would not be a severe problem unless 
the asymmetry is substantial and highly 
variable from city to city. If, for example, 
income distributions are proportional be- 
tween cities (as defined in the text) then the 
income distribution functions in different 
cities are simply translations of each other. 
In this case, the bias is the same for each 
city. The bias would affect the regression 
intercept but not the estimates of elasticities. 

It also should be demonstrated that for 
cities as large as those which we consider, the 
asymptotic results are closely approximated. 
To find the magnitudes of these effects we 
can use the result that the variance of the 
median of a random sample of size » drawn 
from a normal distribution with variance o? 
will be no larger than (1/n)(2/r)o?. (See 
J. Hodges and E. Lehmann.) If we postulate 
reasonable values for our parameters, for a 
community of 2,000 or more families, even 


anaa tt nr $< 
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very substantial variances of individual per- — 
ception error result in a variance of the error 
term o discussed above which would have 
negligible statistical effects. 

It might also be noted that it is well that 
these error terms tend to be small, because 
they are not ‘‘well-behaved” in other ways. 
Although when the error is that of the actor 
rather than the observer it may be reasonable 
to assume that the error term is uncorrelated 
with the observed value of the variable (un- 


like the usual assumption when the error is 


that of the observer), it remains the case that 
the variance of the error term is likely to be 
smaller as city size increases. This violates 
the classical assumptions. 


Pari II: Proof of Theorem 1 


For each ¿EM and j=1,..., n, let I} be 
the closed interval between the maximum 
and the minimum income in pj}. We make the 
following continuity assumption. (C) For 
every iC M, the set Ufa, I‘ is a closed inter- 
val, and the functions Fj, j=1,..., n, are 
all continuous and strictly increasing on Jj. 

The cumulative income distribution, F$, 
for the entire population P* is easily seen 
to be 


p n z 
F = NE; 
j=l 

Assumption C insures that F* is continuous 
and strictly increasing on U%, J;. If this as- 
sumption were dispensed with, one could 
prove a result similar to Theorem 1 which 
applies to discrete distributions. However, 
for our purposes, the added realism does not 
appear to justify the added tedium in the 
statement and proof of the theorem. 

Let Y* be the median income for the popu- 
lation P*. Then 


1/2=F(P') = SAR (¥*) 
j=1 
= DMF (ki) 
j=l 
It follows that the value of (Mi,..., Af) 


determines &;Y*. In fact since F* is continu- 
ous and strictly increasing on U7_, Jj, there 
is a continuous function g such that 
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ki Ê = g(d,..-, Xn) 


Since e+ £60, one can choose for each 
iEM and forj=1,...,, a Yi such that if 
Ê' is the median “quantity demanded in 
city 4, 


then 
= of (X(t 7 [ri 
= pi Fi 


FA 

cat] UCHD 
Pi = DE 
Citi 


Since E is the median quantity demanded, it 
must be that 


Thus for 7=1,...,- 


where 


1/2 = > FP) T ENF Fi) 


j=l j=l 
= 0 AF (Rips i) 
j=l 
Mi i i Ñi 
= DAF (gQa, o. Andoj 
jml Vy? 


The latter expression is a continuous strictly 

aoe function of Yi/¥*. It follows that 
Vi/Y+is determined by the vector (A$, .. . A$). 

In fact, there is a continuous function h such 


that 
fi e+ 
= [5 | 
yi 


miet 


fa af(X Y(t! ti) F: 
= h(dy,..., Andouf(X CI (PY 


iC ae 


But 
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Intermediate Products and the Pure 
Theory of International Trade: 
A Neo-Heckscher-Ohlin Framework 


By RAVEENDRA N. BATRA AND Francisco R. Casas* 


Economists in general and trade theo- 
rists in particular have now come to 
recognize the importance of intermediate 
inputs, not merely of primary factors, in 
the process of production. This is well re- 
flected in the recent studies by Jaroslav 
Vanek, James Melvin (1969), and Roy 
Ruffin, among others. The main feature 
of these models, with the singular excep- 
tion of Ruffin’s, is their treatment of two 
commodities—traditionally taken to be 
consumption goods—as both final outputs 
and intermediate inputs for each other.' 
With such a minor difference, it is not 
surprising to find that the traditional 
theorems by T. Rybczynski, Wolfgang 
Stolper and Paul Samuelson, Eli Heckscher 
and Bertil Ohlin, etc., hold without any 
additional qualification in Vanek’s model 


* Associate professor of economics, Southern Metho- 


dist University, and assistant professor, University of - 


Toronto, respectively. An earlier draft of this paper was 
presented at the winter meetings of the Econometric 
Society, New Orleans, December 1971. The paper has 
benefited so much from the valuable suggestions of 
Jagdish Bhagwati, George Borts, James Melvin, C. Kuo, 
an unknown referee, and several participants in the 
trade session at the Econometric Society meetings and 
the International Economics Workshop at the Univer- 
sity of Western Ontario, that the complexion and style 
of the present version bear little resemblance with those 
of the original draft. We gratefully acknowledge the 
generous suggestions offered by these economists; how- 
ever, none of them is to be-held responsible for any re- 
maining errors. Batra’s research was financed by a re- 
search grant from the Canada Council. 

1 For other studies which treat intermediate goods 
identically as final goods, see Paul Samuelson, Ronald 
McKinnon, Francisco Casas (1972a), and Robert 

'Wame. On the other hand, Chulsoon Khang has an- 


alyzed a dynamic model of trade between one final good - 


_and an intermediate. good. 
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where the final goods also serve as inter- 
mediate products. Most of these tradi- 
tional theorems depend crucially upon the >- 
factor-intensity ranking of the traded 
commodities, and as long as this ranking 
remains unaltered, as it does in Vanek’s 
interindustry flows framework, these theo- 
rems will be valid in spite of the introduc- 
tion of intermediate products. 

Citing Vanek’s results, Murray Kemp 
(1969) has defended the neglect of inter- 
mediate products in the earlier trade ° 
theory. In this paper, however, we intend 
to show that most of the traditional trade 
theorems may not hold without additional 
provisions if such intermediate products 
are introduced in the model as are pro- 
duced solely to serve as inputs in the 
production of final goods. These we shall 
term pure intermediate products in order 
to distinguish them from the interindustry 
flows. Furthermore, in a two-good model 
where intermediate and final products are 
identical, one cannot explain the basis of 
trade in intermediate goods. For this rea- 
son, there exists no theory at present 
which would explain why trade occurs in 
such goods even though, as Paul Yates 
has shown, the bulk of international trade 
is in intermediate products—produced 
goods, like raw materials, spare parts, etc. 
which are solely used as inputs in the 
production of other products. Another 
purpose of this paper is thus to fill this 
gap and provide a theory explaining the 
basis of trade in intermediate products: In 
the traditional two final commodity trade 
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model, we introduce a third good which is 
produced by primary factors only to serve 
as an input in the other two commodities. 
Such a model has been recently developed 
by Batra and Ranjit Singh to examine the 
growth behavior of a two-sector economy. 

The discussion will evolve as follows. In 
Section I we give a complete description 
of the model. The Rybczynski theorem is 
then discussed in Section II, while Section 
II is concerned with the Stolper-Samuel- 
son theorem. Finally, Section IV investi- 
gates the validity of the Heckscher-Ohlin 
theorem. 


I. The Model with Intermediate Products 


It is assumed that the economy consists 
of three commodities, two final products 
(X, and X;), and one intermediate good 
(X) which is produced solely to serve as 
an input in the production of the final 
products. There are two primary factors 
of production, capital (K) and labor (L) 
which enter into the production process of 
all three commodities, and remain fully 
employed. Production functions exhibit 
constant returns to scale and diminishing 
returns to factor proportions. Perfect 
competition in product and factor markets, 
inelastic factor supplies, perfect factor 
mobility and factor price flexibility, and 
nonreversibility of factor intensities at all 
factor-price ratios are also assumed. 

The assumption of full employment of 
primary factors implies that 


(1) CriX4 F CreX2 af Cr3X3 = L 
(2) CriX1 a CrX» + CrX y E K 
where X; denotes the output of the ith 
industry, L and K the fixed supplies of 
primary factors, and Cz: and Cx,, respec- 
tively, the labor-output and capital- 
output ratios in the ¿th productive sector 
(i=1, 2, 3). 

Let a; denote the requirement of the 
material input, X3, per unit of the ith 
final commodity, that is, ¢;=X3,/X;. Fol- 
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lowing Samuelson, Vanek, and others who 
have worked with input-output models, a; | 
will be assumed to be constant. Further- 
more, from our assumption that X; is used 
only as an input for the two final goods, 


(3) A3 = Ds = a,X1 + 0X? 


where D; is the demand for the inter- 
mediate product. 

Turning now to the pricing of goods and 
factors, it is readily seen that with perfect 
compet.tion in all markets and with con- 
stant returns to scale, the price of each 
commodity equals the sum of factor pay- 
ments per unit of output, that is, 


(4) Criw + Crir + aips = pi 
(5) Crow + Cror + taps = po 
(6) Cry + Cyr = Ps 


where w and r denote, respectively, the 
wage rate and the rental on capital, and p; 
is the price of the 7th commodity. For the 
sake of simplicity, we shall assume here- 
after that X, is the numeraire, so that 
#i=i, end p, and p; will denote, respec- 
tively, zhe relative price of X; and X; in 
terms of X}. 

To complete the supply side of the 
model, we need only explain the determi- 
nation of the various production coeffi- 
cients. As stated earlier, the intermediate 
input-output coefficients, a;, are assumed 
constant. As far as the labor-output and 
capital->utput coefficients are concerned, 
they depend on factor prices. In particular, 
if ø; is the elasticity of substitution be- 
tween labor and capital in the 7th sector, i.e., 
if o;= [¢(K,/Li)/d(w/r) |- [(w/r)/(K./L)) |, 
then with linearly homogeneous produc- 
tion functions we may write 








dCgi dCxz; 
Cr: Cr: 
(7) a; = a oa (i = 1, 2, 3) 
aw 
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From our assumption of quasi concavity of 
the production functions, ¢;>0. 


A. Geomeirical Derivation of the 
Transformation Curve 


The principal issues in this section con- 
cern the shape and the slope of the trans- 
formation curve, defined as the locus of all 
eficient combinations of the final com- 
modities satisfying two conditions, namely, 
i) the full employment of the primary fac- 
tors, and ii) O3=X3. Since there are 
actually three commodities produced and 
three factors (two primary inputs and one 
pure intermediate good), the derivation of 
the economy’s transformation curve in 
our model is more complicated than in the 
traditional two-commodity, two-primary- 
factor model. Qur first task will thus be 
that of deriving the locus of efficient 
outputs. 

Here a distinction must be drawn be- 
tween the gross and the net transformation 
curves. For expository purposes, assume 
that all three goods are produced only with 
the help of the two primary factors. We 
can then obtain a smooth, concave to the 
origin, “ruled” production possibility sur- 
face such as ABC in Figure 1. In each co- 
ordinate plane, the set of possible produc- 
tion points constitutes a gross transforma- 
tion curve for the two relevant commod- 
ities.” For example, AB is the locus of all 
feasible combinations of X, and X> if no 
X3is produced, so that A B may be regarded 
as the gross transformation curve in our 
model. 

Assume now that the production of X» 
requires the use of the intermediate good, 
X3, in the proportion az (i.e., (X32/X2= a). 
The maximum net output of X, must 
obviously be smaller than OB. Draw the 
line OD in the X-X; plane such that the 


? For further details on the derivation and construc- 
tion of the production possibility surface in a model 
with three goods and two primary factors, see Melvin 
(1968). 
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FIGURE 1 


slope of OD with respect to the X: axis 
equals the given az; that is, (DT’/OT’) = az. 
The maximum net output of X: is then 
seen to be OT’, which utilizes DT” of the 
intermediate good, X;3, where D, being-a 
point on the production surface, is both 
feasible and efficient. 

Assume now that the net output of X: 
is actually OF, where OF is any arbitrary 
level of X, less than OT’. The amount of 
X, needed to produce this output level is 
given by FG. Since G does not lie on the 
production surface, the unemployed pri- 
mary factors can be used in the production 
of the first commodity in an amount given 
by the vertical distance GH, from G to the 
production surface. By drawing HQ par- 
allel to FG we obtain point Q in the XX: 
plane, which shows that with full employ- 
ment of the two primary factors and a net 
output of X, equal to OF, the maximum 
net output of X, is FO(=G2H). By repeat- 
ing this: construction for all possible net 
outputs of X, we may derive AT’, which is 
the net transformation curve drawn under 
the assumption that a.>0 and a,=0. 

The next step is to allow for the use of 
the intermediate input in the production of 
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FIGURE 2 


X, also. Let the slope of the line OF, with 
respect to the X, axis in the X,X; plane, 
equal the given level of a; (i.e. ET/OT = a); 
OT is then the maximum net output of X1. 
By using the same procedure through 
which AT” was derived, given AB as the 
gross transformation curve, we can now 
obtain TT’, given AT’. The curve TT’ is 
then the net transformation curve for the 
economy. 

Befcre proceeding to a rigorous analysis 
of the slope and the shape of this produc- 
tion possibility locus, a geometrical proof 
of the convexity of the production set will 
be given with the use of Figure 2, which 
reproduces the main features of Figure 1. 
The satisfaction of the full employment 
condition requires all efficient production 
points to be on the ABC surface. On the 
other hand, the condition that the demand 
for the intermediate product equals its 
supply requires that output combinations 
satisfy the equation 


(3) aX, + aX. = X; 


Thus, any feasible and efficient point must 
lie on the interesection of the production 
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surface and the plane given by equation 
(3). Melvin (1968) has shown that the 
production set in a three-good, two-pri- 
mary-factor model is convex when produc- 
tion functions exhibit constant ‘returns to 
scale. The intersection of such a set and a 
plane rnust therefore itself be convex—this 
intersection being the area OFD in Figure 
2. Thus, the curve £D is concave to the 
origin, and its projection on the X 1X, 
plane, zhe curve TT’, must also be concave 
to the origin. 

Figure 2 also illustrates the difference 
between the three-final-commodity model 
and the one described here with respect to 
the indeterminacy of output levels for 
given commodity prices. As Melvin (1968) 
has shcwn, any price plane will be tangent 
to the ABC surface along a line, such as 
MN. In our model, however, only point P 
along MN is relevant, because P is the 
only output combination satisfying (3). 
The latter constraint constitutes, in effect, 
a “demand” condition which solves the 
indeterminacy problem. 


B..The Slope and the Shape of the 
Transformation Curve 


The intuitive explanation concerning 
the shave of the transformation curve and 
the inceterminacy problem presented above 
may now be supplemented by a rigorous 
proof. However, the first step consists in 
obtaining an expression for the slope of the 
transformation curve. It has been shown 
by Vanek that the slope of the net trans- 
formation curve equals the negative of the 
commodity-price ratio even if the final 
commodities also serve as intermediate in- 
puts. We will now show that this result 
holds in our model where the material 
input is not identical with the final goods. 

Since national income may be measured 
as the value of final outputs or the sum of 
payments to primary factors, we can write 


(8) 7 = X+ X: = wh +rK 


VOL. 63 NO. 3 


Differentiating this expression, keeping in 
mind that factor supplies are given, we 
obtain 


(9) dXı + podX2 + Xedp, = dw + Kdr 


Substituting for £ and K from (1) and 
(2), we have | 


(10)  Ldw+Kedr 
= (Cri XytCreX2t+Cr3X3)dw 
+(CrıXı+Cr:Xo+Cg:X;)dr 
=(Crdw+Crgdr) X: 
+(Cradw+Crdr) X: 
+(Crsdw+Cxsdr) X3 


Totally differentiating the price equa- 


tions (4)-(6), and remembering that 
dpi=0, we obtain 
(11) Cridw + Cridr + aydp; 

= — (wdC rı + rdCxi) 
(12) Credw + Crodr + adds 

= dpe — (wdCre + rdCxo) 
(13) Cy3dw + Cradr 

= dp} — (wdCz3 + rdCxs) 


It must be noted, however, that the 
equilibrium minimum-unit-cost condition 
of equality between the marginal rate of 
substitution among two factors and the 
ratio of these factors’ prices implies that 


(14) wdCr: + rdCx; = 0 (717, 3) 
Using (14) and substituting (11)-(13) 
into (10) then yields 
(15) Ldw+Kdr 
= —4;X dp; + Xo(dpo—dedp3) + X3dp3 
= — (4,X + 42X2)dpat+Xodprot X3dpz 


= Xodpeo 
From (9) and (15), we now obtain 
(16) dX, + pdX2 = 0 
or 


a 
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(16*) eg 
dX» : 


which establishes the traditional result that 
the marginal rate of transformation be- 
tween the final commodities equals the 
ratio of their prices (since ~,;=1) in 
equilibrium. 

Given the relationship expressed in 
(16*), the shape of the transformation 
curve can now be derived from the re- 
sponse of outputs to changes ir their 
prices. In particular, if the output of a 
commodity rises in response to an increase 
in its relative price, and converse y, the 
net transformation curve is concave to 
the origin. Otherwise, it is convex to the 
origin.* Therefore, our task here is to find 
out the effect of a change in $, on tae out- 
put of Xi and X. 

Solving (11)-(13) simultaneously for dw 
and dr, we obtain 


_ (Cri + ai1Crs) F 


17 d e 
(17) w F pe 
— (C C 
(18) Ap ee Te at 


where 
A = CyiCzo(ky — Re) + aC r2Cr3(ks — ko) 
+ aeCriCrs(ki — Rs) 


and k;=K./Li=Cx./Cr: is the capital- 
labor ratio in the ith industry. 

We may now differentiate the full em- 
ployment equations (1)-(3), keeping in 
mind that L and K are given, to obzain 


(19) CrydxX1 +- Crad X 9 + Cr13dX 3 — 


4 However, if dX1/dX. + — p: the shape of -he trans- 
formation curve is not depencent exclusively ən the re- 
sponse of outputs to changes in commodity prices. For 
example, Bhagwati and T. Srinivasan, Kamp and 
H. Herberg, and Ronald Jones (1971) have sown that 
in the presence of an interindustry wage differential, the 
transformation curve may be locally or globaLy convex 
to the origin even if the output responses to price 
changes are normal, and vice versa. 


| 
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= — (XdCri + X2dC 72 + X3dC 13) 


( dw dr 
ate e 
wW r 


(20) CxidX1 + Cr:dX: + Cxsd Xs 
= — (XıdCrı + X2dCx2 + XsdCxs) 


( dw dr 
etl eae 
w r 
and 


(21) ıd Xı + aodX_ — dX; = 0 


where Rz and Rx.are derived in the Ap- 
pendix and are both positive. From (17) 
` and (18), it is readily shown that 


E (Crı+4:Cg)r + (CritarCrs)w d 


2 
wr: A ' 


dpe 
wr: A 





since Crsw+Cr = p: from (6) and ~,=1 
by assumption. 

We can now solve (19)-(21) simul- 
taneously for dX, and dX, making use of 
(22), to derive: 














(23) ie = = [(Cxo + aeCxs) Rt 
dp» wr: A® 
+ (Cro + a2C 13) Rx] 
(24) — T ! (Crs + 4;Cx3) Ry 
apd» wr: Å? 


+ (Cr + åC i) Rg] 


If the output responses to changes in 
commodity prices are to be “‘normal,’” 
then dX;/dp.<0 and dX:/dp:>0. From 
(23) and (24), it is clear that these in- 
equalities are indeed satisfied in our model 
and, therefore, the output responses to a 


4 By normal output response we mean that the supply 
curve for a final commodity has its usual positive slope. 
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change in relative prices are normal, or 
equivelently, the net transformation curve 
is strictly concave to the origin. Witness 
further that (23) and (24) exhibit a mono- 
tonic relationship between the. relative 
prices of the two final commodities and 
their >utputs. This shows that there is 
only one configuration of commodity out- 
puts consistent with one set of commodity 
prices. In other words, there is no inde- 
termiracy problem present in our model.® 


II. The Rybczynski Theorem 


According to Rybczynski an increase in 
the sudply of a primary factor of produc- 
tion promotes, at constant commodity 
prices, an expansion of the output of the 
commodity which uses the expanding fac- 
tor relatively intensively at the expense of 
the output of the other commodity. We 
now explore the consequences of a rise in 
the supply of a factor for the output of the 
final goods, X, and Xe, in our model with 
intermediate products. Now, if prices of 
final goods are kept constant (df.=0), 
the price of the intermediate good as well 
as the wage and rental rates remain con- 
stant,’ so that the production coefficients 
will also remain unchanged. Differentiat- 
ing (1)-(3) with respect to K and Z then 
yields: 


5 The need fer an elaborate proof of the absence of an 
indeterminacy problem in our model arose from several 
questions raised by readers of an earlier draft of this 
paper. [t may be emphasized here that even though our 
model is characterized by an inequality between the 
number of commodities and primary factors—an in- 
equality whose implications for the indeterminacy 
problem have been thoroughly analyzed by Melvin 
(1968)—-yet the model is completely determinate be- 
cause the output of the third commodity, which serves 
as ar. infermediate input, is determined by the output 
of the tao final commodities. Thus, in a sense, our model 
comprises three commodities and three inputs. 

ê For other extensions of the Rybczynski theorem, 
see Batra (1970), Kemp (1969), Jones (1968), and 
Casas (1972b). 

7 For z rigorous proof cf the relationship between the | 
prices cf final goods and that of the intermediate prod- 
uct, see Section IV on the pattern of trade. 
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AX = (Cre + @2C x3) 














25 
e OK A 
OX. —(C G 
(26) = ( Lit a L3) 
OK A 
ðX Cre aC 
(277) 3 = (ay L2 a L1) 
OK A 
OX —(C C 
(28) 1 - ( K2 F Ge g3) 
J. ðL Á 
Ox G C 
(29) 2 = ( Kit @ K3) 
ðL A 
OX Cgi — aC 
(30) 3 m (a K1 ay K2) 
ðL A 


where, as before, 


A = CtiCrlk. — ka) + AC r2Cra(ks — ko) 
+ aC 11C ralki — Rs) 


It may be observed that the numerators 
of (25) and (29) are positive, and those of 
(26) and (28) are negative, so that the 
signs of 0X,/dK and 0X,/dL (1=1, 2) de- 
pend on the sign of A. Examination of the 
latter reveals that if k; lies between k; and 
ky, then A has a definite sign. In particular, 
if ki2 kg Z ko. A 20, So that 0X,/dK 20, 
0X2/dK $0, 0X1/8L S0, and dX,/daL 20. 


THEOREM 1: Thus, we may conclude 
that if the capital-laber ratio of the inter- 
mediate product lies in between the other two 
capital-labor ratios, the Rybczynski theorem 
holds: An increase in the stock of capital 
(labor), at constant prices, raises (lowers) the 
output of X, and lowers (raises) the output 
of Xa tf X1 is capital-intensive relative toXe, 
and vice versa. 


The effect of factor growth on the output 
of X; depends not only on the sign of A, 
but also on a:/Cz:== X3;/L,; (in the case of 
capital accumulation) and a;/Cx;= X3;/K; 


(in the case of growth of the labor force). 


Let us consider the case of an increase in 
the stock of capital. Then, if A >0—so 
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that the output of X, rises—dX;/dK 20 
if a,/Cy, 2 02/Cz2, and conversely if A <0 
and the output of X», instead of X4, rises. 

If k; does not lie between kı and he, 
then the Rybczynski theorem may not 
hold. Gi a1/C n= @/C r, then A=C (Ci 
+a,C13)(ki—A1) and the theorem always 
holds. But this is a trivial case because, 
here, the output of X; is constant. The 
difficulty arises when a:/C11%42/C x2 and 
k; lies outside the confines of kı and kz. 
There are two possibilities: (i) kı 2h, 2k; 
and (ii) ke 2k, 2k. It turns out that in 
case (i) the Rybczynski theorem holds if 
do/C 12> 01/C 11, whereas in case (ii) its va- 
lidity requires that a,/C11<d2/Cr. Take, 
for example, the case where k> k> ks. 
Here (ki — Re) >0 and if ao/C 1 >a;/C 11, we 
can see that aC po(Rko— ki) < aC ral Ri — ka) 
because (kı— ks) >(k:— k). Hence, A >0, 
ðôXı/ðK>0 and 0X3/dK <0, ðXı/ðL <0 
and dX./0L>0. Therefore, the Rybczyn- 
ski theorem is valid. This leads to the 
following conclusion: 


THEOREM 2: If a commodity ts relatively 
intensive in the use.of the intermediate good, 
and if the capital-labor ratio of that com- 
modity lies between the capital-labor ratio of 
the intermediate product and that of the other 
final commodity, the Rybczynski theorem 
holds. 


In Theorem 2, intensity in the use of the 
intermediate good is measured by a:/C 1; 
= X3;/L,(i= 1, 2).8 It is evident that if the 


® Alternatively, intensity in the use of the intermedi- 
ate good can be expressed in terms of the intermediate 
input/capita: ratio, a:/Cy==X3;/K;. Thus, A may be 
rewritten as 


pee P -) + Cra (= =) 
= a me a SS | aam. 
Keely CxaCKs (T 5 


1 

ky 
If k:>k:> kz, for example, a sufficient condition for 
A>Ois that as/Cy2> a1/Cr1. Hence, Theorem 2 remains 


unaffected by the change in the definition of intensity in 
the use of the intermediate good. 


1 
-+ dC Ri CK (— ii 
k3 
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conditions implied in Theorem 2 are not 
satisfied, then the Rybczynski theorem 
may not hold. 

What is the economic explanation of the 
fact that, unlike in Vanek’s interindustry 
flows framework, the Rybczynski theorem 
may not be valid in our model which al- 
lows for the presence of pure intermediate 
goods? The answer to this question is facili- 
tated by introducing a distinction be- 
tween the net capital-labor ratio and the 
gross capital-labor ratios in the final prod- 
ucts. The net or apparent capital-labor 
ratio oi the zth final commodity is given by 
k;= Ki/L;=Cri/C1i, whereas the gross or 
total capital-labor ratio, #*, equals the 
ratio between the amounts of capital and 
labor utilized directly and indirectly by 
the zth final good. For example, the gross 
amount of capital employed by the ith 
final commodity, KY, equals K; plus the 
amount of capital employed in the inter- 
mediate good (i.e., K) multiplied by the 
proportion of the intermediate product 
used in the production of the 7th final good, 
that is, 


K; = Ki + (Xai/X2)K: 
Similarly, the gross amount of labor uti- 
lized by the zth final good is given by 

L = L+ (X3:/X3) L; 

Hence, 
+ Kit (X3:/X3) K3 
Li + (Xsi/Xs) Ls 
RCL t aiksCrs 
Crit a:Cx3 
Thus, if the first commodity is apparently 
capital-intensive relative to the second 
commodity (that is, if k> kə), then it will 
be truly capital intensive (that is, kf >43) 
only if 
kCt + ayksC x3 
Crit Cz: 


G=i 2 


RoC ro + dok3C L3 
Cre + A2C x3 
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or 
CriCi2(ki — ke) + aiCreCra(ks — Re) 
+ @2CiiCra(ki — ks) = A> O 


In other words, conditions which are suffi- 
cient to énsure that A >0 will also ensure 
that the first commodity is relatively capi- 
tal-intensive both in net and gross terms. 
We have previously established that A >0 
if (i) ki>k:> ks, or (ii) Ry >ke>k; and 
ao/Cre>a;/Czr1. From this discussion the 
following general result is immediate: 


The factor-intensity rankings of the final 
products in the net and gross sense are tdenit- 
cal if (i) ks lies between kı and ko, or (it) the 
commodity whose capital-labor ratio lies be- 
tween ihe captiial-labor ratios of the inter- 
mediate product and the other final product 
ts at least as intensive in the use of the inter- 
mediate product as the other final com- 
modiiv. Any one of these conditions is also 
sufficient to give rise to an unambiguous sign 
of A. 

If condition (ii) above is not satisfied 
there arises the possibility of a conflict be- 
tween the factor-intensity rankings in the 
net and the gross sense; that is to say, a 
commodity may be relatively capital-in-. 
tensive in the net sense, but relatively 
labor-intensive in the gross sense, and vice 
versa. This possibility of a conflict between 
the net and the gross factor-intensity rank- 
ings of the final products constitutes the 
basic difference between our model with 
pure intermediate products and Vanek’s 
interindustry flows model. As shown orig- 
inally by Vanek and recently by Casas 
(1972a) the gross anc the net capital-labor 
ratios in the final products always enjoy 
the same ranking in a model where inter- 
industry flows are present. In our model 
with pure intermediate products, however, 
the net or the apparent factor-intensity 
ranking of a final commodity may not re- 
flect its true or gross factor-intensity rank- 
ing. 
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It must be clear by now that the Ryb- 
czynski theorem will be invalid only if the 
net and the gross factor-intensity rankings 
run counter to each other; in other words, 
a rise in the supply of, say, capital alone 
may lower the output of an apparently 
capital-intensive commodity at constant 
prices, if in the gross sense this commodity 
is relatively labor-intensive. Needless to 
say, the Rybczynski theorem is always 
valid if factor-intensity rankings are de- 
fined in the gross sense. 


III. The Stolper-Samuelson T heorem 


According to the Stolper-Samuelson 
theorem, a rise in the relative price of a 
commodity raises the real reward of the 
primary factor employed more intensively 
by it and lowers the real reward of the 
other primary factor, and conversely. We 
will now examine the implications of a 
change in the price ratio between the final 
products for factor rewards in our model 
incorporating intermediate goods. 

Let us assume that the relative price of 
the second commodity increases, i.e., 
dp:>0; from 4)-(6) and (17)-(18) the 
change in real factor rewards in terms of 
the higher priced commodity is given by: 


d(w/ pà _ (Cro + a2Cxs) 





31 
oe E fd 
(32) d(r/ po) rex ae aC 13) 
dps py: A 


For the Stolper-Samuelson theorem to 
hold, d(w/po)/dpo.>0 and d(r/p2)/dp.<0 
if ky >», and vice versa. The numerator of 
(31) is positive and that of (32) is negative, 
so that the signs of d(w/po)/dp. and 
d(r/p2)/dp, depend on the sign of A. In 
other words, the Stolper-Samuelson theo- 
rem holds if A has the same sign as (kı— ke) 
or, what is the same thing, if the net and 


® For other extensions of the Stolper-Samuelson the- 
orem, see Nobuo Minabe, Batra (1968), Kemp (1969) 
and Jones (1968). 





BATRA AND CASAS: INTERMEDIATE PRODUCTS 305 


gross factor-intensity rankings are identi- 
cal; otherwise, the Stolper-Samuelson the- 
orem may not hold. 

Another result worth investigating is the 
so-called fundamental duality theorem. In 
terms of a two-commodity, two-factor 
model, Jones (1965) has shown that there 
exists a dual relationship betwe2n the 
Rybczynski theorem and the Stolper- 
Samuelson theorem in the sense that the 
effect of a change in factor endowments on 
commodity outputs at constant pzices is 
identical to the effect of a change in com- 
modity prices on nominal factor rewards at 
constant factor endowments. It is inter- 
esting to see that this duality remains un- 
scathed in our generalized model where 
pure intermediate goods are allowed. This 
may be demonstrated simply by comparing 
(18) and (27) to find that 

OX» dr 


— (Cri tac 
(33) OM eT) 
Ok ape A 


IV. The Pattern of Trade 


It is fashionable to attempt to explain 
the pattern of trade between two ccuntries 
in terms of the Heckscher-Ohlin theorem: 
a country exports the commodity which 
uses intensively its relatively abundant 
factor, and imports the commodity which 
is intensive in the use of its relatively 
scarce factor. Traditionally, the logical 
validity of this theorem has been shown to 
depend crucially upon the validity of the 
Stolper-Samuelson and the Rykczynski 
theorems. Unfortunately, in our model 
where three goods are produced, the pat- 
tern of trade turns out to be indeterminate 
if all three goods are to be traded. even if 
the Rybczynski and the Stolper-Samuelson 
theorems hold unambiguously. Tc get an 
immediate idea of this problem. let us 
revert to the price equations (4)—(6). If all 
three goods are traded, #1, peo, and p; are 
all determined exogenously. The three 
equations (4)-(6) then contain three pa- 
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rameters, pi, $z, and ps3, to solve for two 
unknowns w and r in terms of the input- 
output coefficients, so that the model be- 
comes indeterminate. 

One solution to this problem is to assume 
that world prices are such that the produc- 
tion of cne commodity is unprofitable, so 
that it is no longer produced. But this is 
not attractive, for then we fall into the 
domain of the traditional two-good model. 
Another solution lies in the stipulation that 
one of tne three goods is nontraded. For 
example, suppose the intermediate good is 
not traded at all, Then the three equations 
(4)-(6) containing two parameters fı and 
p: can be solved to obtain the three un- 
knowns w, r, and ~;. The number of equa- 
tions matches the number of unknowns, 
and the indeterminacy problem disappears. 

A closely related, though not completely 
identical, question concerns the determina- 
tion of the pattern of trade when all three 
goods are to enter trade. Suppose initially 
no trade in X; is allowed. If we assume that 
international production functions are 
identical. then the Heckscher-Ohlin theo- 
rem follows directly from the validity of 
the Stolper-Samuelson theorem. If, in 
addition, we assume that consumption pat- 
terns are also identical internationally, 
then the Heckscher-Ohlin theorem derives 
from the validity of the Rybczynski theo- 
rem. If all three goods continue to be pro- 
duced in free trade equilibrium, factor 
prices are equated between countries; X, 
also commands the same price between 
countries, and there is no incentive to 
trade X; once the prohibition to such trade 
is lifted. 

Nonetheless, trade could take place in 
either direction. World outputs and world 
demand for final products are unaffected, 
because the free trade equilibrium gives 
rise to a given set of world prices. But each 
country’s transformation curve shifts— 
outwards for the country importing X; 
and inwards for the other. Suppose there 
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are two countries, the home country and 
the foreign country, and suppose further 
that the former is relatively capital-abun- 
dant aad that ki > k> kz. If X3is exported 
by the home country, at free trade prices 
the home production of both X, and X.: 
declines (and rises abroad). Thus the home 
country might eventually import both X, 
and Xə in exchange for X3, although the 
Heckscher-Ohlin theory would require the 
home country to export X,. Alternatively, 
if the home country imports X;3, it might 
(i) be an exporter o: X, and an importer of 
Xo, or (ii) export both X, and X, and im- 
port 43. Thus without further restrictions 
it is impossible to pick out any commodity 
and state whether it is imported or ex- 
ported by the home country. 

The solution that we wish to propose 
must have become obvious by now. If one 
of the three goods is nontraded, not only 
do we solve the indeterminacy problem in 
the model, but we can also salvage the 
Heckscher-Ohlin theory. Note that our 
solution does not require that the non- 
traded zood be the intermediate good only, 
although, as it turns out, if the nontraded 
good is one of the final goods, the validity 
of the Heckscher-Ohlin theorem is not all 
that okvious. 

Let us define the home country to be 
capital-abundant relative to the foreign 
country if 


WO, > wy 


where w= w/r is the wage-rental ratio and 
the subscripts k and f refer, respectively, to 
the home and foreign countries. If the in- 
termediate good is not traded, all that we 
need to demonstrate in order to prove the 
Heckscher-Ohlin theorem is that (dw/dp2) 
has an unambiguous sign. From (17) and 
(18) 
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From (34) it is clear that the relationship 
between w and p» is unique only if A has 
an unambiguous sign, If A >0, then with 
w, >w, it is clear that- 


Pon > pos | 


where p»; is the autarky relative price of 
the second good in terms of the first in the 
jth country (j= h, f). The home country 
will then export X; and import X». On the 
other hand, if A <0, then with w, >w; 


por < pry, 


so that the home country will export X> 
and import Xı. In general, with the inter- 
mediate good nontraded, the Heckscher- 
Ohlin theorem will hold if sign (A)=sign 
(kı— ke) and we already know that a suffi- 
cient condition for this is that k, lies be- 
tween k and ke. 

Let us now consider the other case where 
one of the final goods is the nontraded 
good. Let X, be such a good. For the dem- 
onstration of the Heckscher-Ohlin theo- 
rem, we now need an expression relating 
Ps/p2 with w. From (13), (17), and (18) it 
is readily shown that 


aps _ CriCr3(ki — Rs) 
dp» A 
Dividing (35) by (34), we have 


(35) 


dpa > 
(36) Abs. = rP?CriCr3(R1 = k) 
(LO) 


and from (34) and (36) 


(37) d(p3/ p2) 
dw 
1 | dps ees] 
= <= ~ 3 
pr dw dw 


gi 
+ psCriCro(ke — ki) 
+ dipsCr2Cr3(k2 — ks) | 


[(p» == ERA A — ka) 


errama iiiimimmmaes iSIS- ES- 
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If w,>w, and ka> k, then from the Heck- 
scher-Ohlin theorem we would expect the 
home country to export X, and import X3. 
For this pattern of trade to take place, we 
require that 


d l 
(p3/P2) i 
dw 


so that (p3/po)n>(ps/Po)s when w,>ay. 
However, k> k; alone is not sufficient to 
ensure this. A sufficient condition for 
d(p3/p2)/dw>0 is that ke>k,>ka, that is, 
Xis the most capital-intensive and X; the 
least capitel-intensive of all three goods. 
Conversely, if ka <k, the validity of the 
Heckscher-Ohlin theory requires that 
d(p3/ 2) /dw <0, and this is sufficiently en- 
sured if ko <khy < ky. 

A definite pattern emerges from our dis- 
cussion concerning the validity of the 
Heckscher-Ohlin theorem when one of the 
goods is specified as being the nontraded 
good. This is summarized in the following 
theorem: 


THEOREM 3: If one of the goods is speci- 
fred as being nontraded (whether it ts a final 
or an intermediate good), the international 
exchange of the other two will follow the 
Heckscher-Ohlin dictum if the capital-labor 
ratio of the nontraded good lies between the 
capttal-labor ratios of the other two goods. 


If this theorem is not satisfied, the 


' Heckscher-Ohlin theorem may not hold 


even if one of the three goods is specified 
as the nontraded good. 


The Nature of the Free Trade Equilibrium 


Given that one commodity is nontraded, 
what is the nature of equilibrium in free 
trade? If the nontraded good is the inter- 
mediate product, the answer is very simple 
and conforms to the traditional graphical 
explanations, where the world prices in 
conjunction with the transformation curve 
determine the free trade production point, 
and where.the consumption point is deter- 
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FIGURE 3 


mined by the demand conditions. The 
problem is not so simple when the non- 
traded good is one of the final commodi- 
ties. The free trade consumption point re- 
lating to final goods is, as before, deter- 
mined by the demand conditions, but the 
production point is determined not only by 
world prices but also by the volume of 
trade. i 
As an illustration, consider Figure 3 
which depicts the case of the home country 
exporting X, and importing X; while treat- 
ing X, as the nontraded good. As previ- 
ously seen, such a pattern would arise if 
w >w under autarky and k:>kı>k;. In 
Figure 3, HH’ is the home country’s net 
transformation curve and S is the point of 
self-sufficiency equilibrium which is deter- 
mined by the tangency of the social indif- 
ference curve U, with HH’. Since the home 
country exports X, and imports X3, the 
switch from autarky to free trade causes a 
rise in p2 and a decline in #3, with all prices 
expressed in terms of the nontraded good. 
For the time being assume that no X; is 
imported. Then the rise in p; as a result of 
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the introduction of trade shifts production 
from £ to P where GD, the price line pre- 
vailing in the free trade equilibrium, is 
tangert to the net transformation curve, 
and consumption moves from S to C which 
lies on a higher indifference curve U2. The 
final equilibrium production point is not 
P, however, for the imports of X, will shift 
the transformation curve outwards, the 
extent of this shift depending upon the 
volume of X; imported. Such a transforma- 
tion curve is given by TT” and the final 
production point is given by P* where the 
price line EF, parallel to GD, touches the 
new transformation curve. 

Several aspects deserve further exposi- 
tion. First, the free trade equilibrium pro- 
duction point P* is horizontally aligned 
with the consumption point C, showing 
that the supply of and the demand for X: 
are equal. Second, the output of X» corre- 
sponding to P* may be smaller or larger 
than that corresponding to P. This follows 
from the fact that the import of X; is 
equiva_ent to the injection of capital and 
labor in the home country in the propor- 
tion Cz:/Cr3=k;. However, with k:> kı 
>k the imports of X; will result in a de- 
cline of the output of X: and a rise in the 
output of X, at the free trade prices if X, 
is capital-intensive in gross terms,” and 
vice versa. For this reason, if we assume 
that sign (A)=sign (ki—:), it follows 
that the shift in the transformation curve 


10 Tf we rewrite equation (3) as 
Za = aX, + tX: — Ez 


where Fy denotes the imports of the intermediate good, 
then at constant prices and with fixed supplies of pri- 
mary factors it is readily shown that 


aX, CurCralke — ka) 
Offs A 
and . 
K2 Z Cr:C ralk: a k3) 
053 A 
Thus, 6X /ð E2 0 and 3X:/3F S0 if A SO. 
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from HH’ to TT’ will be biased towards 
X,. Third, the length CP* measures the 
value of the imports of X; in terms of the 
second commodity and, in equilibrium, 
this equals the value of the exports of X». 
This follows from the fact that the change 
in the value of home production, equal to 
CP* in Figure 3, must be equal to the 
amount of the increase in the availability 
of the intermediate input multiplied by its 
price. Expressed in terms of the second 
commodity, this equals p3H3/p2, where Es 
is the amount of X; imported, that is," 


= psEs/ ps 


But ~3#3/$2 is nothing but the value of the 
imports of #; expressed in terms of the 
second commodity. With balanced trade, 
this must equal the export of X, which, in 
Figure 3, is also given by CP*. In other 
words, the location of the final production 
point P* satisfies the balance of trade 
equilibrium condition, namely, pE: = polto, 
where Es is the amount of X.» exported. In 
toto, Figure 3 shows that as a result of the 
switch from autarky to free trade, produc- 
tion moves from S to P*, consumption 
‘moves from S to C, and welfare improves 
from U, to U.. 

An analogous but opposite procedure 
can be followed for the case where the 
-home country is an exporter of X; and an 
importer of X Here, ka<kı<k, with 
w, >w, under. autarky. This case is pic- 
tured in Figure 4 where the switch from 
autarky to free trade takes production 
from S to P*, consumption from S to C, 
and welfare from U, to Uz. The distance 
CP* equals the imports of X» as well as the 


11 At constant prices, the increase in the total value of 
domestic output resulting from the importation of Z; 
units of the intermediate good is given by 


OX, ~*) 
— E 
Tf ðE : 


This is easily shown to equal pF; in terms of the first 
commodity and, hence, p;H3/p2 in terms of the second 
good. 
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X1 





FIGURE 4 


value of the exports of X; expressed in 
terms of the second commodity, with the 
demand for X, equal to the domestic pro- 
duction of Xa. 


APPENDIX 


From the definition of e; (equation (7)), 
the minimum-unit-cost conditions (equation 
(14)), and the price equations (4)—(6), the 
following results may be derived: 








dC rx, ( dw =) dC 14 
ey ee 
Cri Ww Cri 
(= 9 r dCi 
= gy ee SS e e 
w r w Cry 


Hence, \ 


dC, (wC + rus) (= A 
a (WC, Y = gı | —— — — 
WCC, L1 K1 1 


wW r 


or 


RSS, Ca Ao es ee ee 


(1 — ap) 
In a similar way, it is readily shown that 


— rC p1CK101 a(S z) 


wC p1CK101 (= ”) 





a 


dC 1, ee rere ae 


(1 — aps) 


Y 
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CreC d 
oe w LeU K202 (= - =) 
(p2 — apa) 


w r 
P = neme (E E 5 | 
(p2 — azp) \ w r 
7 dw dr 
dC x3; = we rC K303 (= a z) 
w r 
dw dr 
dC 13 = rC r3Crs303 Remorse <) 
; w r 


Using these relationships, we may now 
derive: 


—(XidCr1 + XodCr2 + XsdCz;) 


( dw ~) 
wW r 


B pien XC pC x202 
(1 — aipa) (p2 — eps) 








+ XsCisCases| >0 


and 


7 (X1dCr1 + X2dCr2 + X3dCxs) 


dw dr 
ee, 
B E XC rCR:0» 
O Laag) (pe ap) 


K 


+ XsCisCusos | > 0 
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The “F-Twist” and the Methodology 
of Paul Samuelson 


By STANLEY Wonc* 


That economics is in an uneasy state is 
now widely recognized.| Undoubtedly, 
remedies to rectify this situation will in- 
volve methodological considerations about 
the role and status of theories in economics. 
Most economists will dread this prospect; 
most methodological discussions in eco- 
nomics are vague and confusing debates, 
which are of little apparent significance to 
the day-to-day work of the practicing econ- 
omist. Regrettably, to this category of 
methodological debates must be added the 
celebrated methodological dispute between 
two of the most distinguished economists, 
Milton Friedman and Paul Samuelson. 

What then is the excuse to write yet an- 
other paper on methodology? The alterna- 


tive to bad methodological discussion is- 


not mo methodological discussion. As 
Samuelson put it quite succinctly: 


... a scholar in economics who is funda- 
mentally confused concerning the rela- 
tionship of definition, tautology, logical 
implication, empirical hypothesis, and 
factual refutation may spend a lifetime 
shadow-boxing with reality. In a sense, 
therefore, in order to earn his daily 
bread as a fruitful contributor to knowl- 
edge, the practitioner of an intermedi- 
ately hard science like economics must 


* King’s College, Cambridge, England. The first ver- 
sion was presented in June 1971 to Joan Robinson’s 
Seminar at the Faculty of Economics and Politics, Uni- 
versity of Cambridge. This paper has benefitted enor- 
mously from the strong encouragement and penetrating 
criticisms of Joan Robinson, Lawrence Boland, G. C. 
Harcourt, Luigi Pasinetti, Alan Millar, Ian McFet- 
ridge, Gordon Nagel, Victoria Becker and Edwin Wong. 
The Canada Council has generously supported the re- 
search which made this paper possible. 

1 See articles by Frank Hahn and Wassily Leontief. 
Moreover, Joan Robinson (1964) has for years deplored 
the poverty of contemporary economic theory. 
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come to terms with methodological 
problems. [1965b, p. ix] 


It is the purpose of this paper to show 
that no substantive issues were at stake in 
the Friedman-Samuelson dispute. Many, 
perhaps most, economists consider the 
debate to be over, with Samuelson’s posi- 
tion upheld.? The importance of sorting out 
the issues cannot be overemphasized. The 
methodological position we adopt pro- 
foundly influences our theoretical work and 
our assessment of it. 

Section I provides a summary of Fried- 
man’s methodological position; Section II, 
Samuelson’s critique (the F-Twist) of 
Friedman’s position. Section III discusses 
Friedman’s view as an example of in- 


strumentalism. Section IV provides a 


critique of Samuelson’s critique. Section V 
examines Samuelson’s view as an example 
of descriptivism and argues that it is un- 
tenable, Finally, Section VI argues that 
the methodological choice is not one be- 
tween the Friedman view and the Samuel- 
son view but between. both views and the 
view. that theories are explanatory and in- 
formative. 


I. The Methodology of Milton Friedman 


In his provocative essay, “The Method- 
ology of Positive Economics,” Friedman 
gives the only detailed account of his meth- 
odology. 

Following John Neville Keynes’ dis- 
tinction of normative and positive eco- 
nomics, Friedman argues that the role of 


2 Compare articles by D. V. T. Bear and Daniel Orr, 
Jack Melitz, and Tjalling Koopmans. My observation 
is shared by Karl Brunner. 


VOL. 63 NO. 3 


the economist qua economist is to do posi- 
tive economics, the study of “what is” 
rather than of “what should be.” The task 
of positive economics “. . . is to provide a 
system of generalizations that can be used 
to make correct predictions about the con- 
sequences of any change in circumstances. 
Its performance is to be judged by the pre- 
cision, scope, and conformity with experi- 
ence of the predictions it yields” (p. 4). 

How is a theory to be evaluated? For 
Friedman a “. . . theory is to be judged by 
its predictive power of the class of phe- 
nomena which it is intended to ‘explain’ 
... the only relevant test of the validity of 
a hypothesis is comparison of its predic- 
tions with experience” (pp. 8-9). 

What about the descriptive realism of 
the assumptions or of the theory? Fried- 
man claims that it is not possible to achieve 
since the enumeration of details need not 
stop in a description. He says that if com- 
plete descriptive realism were possible, it 
would not be desirable since it would ren- 
der the theory utterly useless, devoid of 
any predictive power (see p. 32). 

He asserts that the only relevant ques- 
tion to ask is “. .. whether they are suffi- 
ciently good approximations for the pur- 
pose at hand. And this question can be 
answered only by seeing whether a theory 
works, which means whether it yields suff- 
ciently accurate predictions. The two sup- 
posedly independent tests [test of the as- 
sumptions and test of the theory by a test 
of its predictions] thus reduce to one test” 


(p. 15). 
II. The F-Twist Methodology 


Sensing the possible reemergence of the 
doctrine of apriorism, which he has scorn- 
fully attacked on many occasions (1952, 
p. 62; 1965b, p. 3), Samuelson assails 
Friedman’s methodological view for prais- 
ing the shortcomings of a theory as its 
virtues. According to Samuelson, Fried- 
man’s methodological position can best be 
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summarized as the F-Twist: “A theory is 
vindicable if (some of) its consequences are 
empirically valid to a useful degree of ap- 
proximation; the (empirical) unrealism of 
the theory ‘itself’? or of its ‘assumptions,’ 
is quite irrelevant to its validity and 
worth” (1963, p. 232). 

Samuelson’s critique of Friedman’s meth- 
odological position depends on what he 
(Samuelson) considers to be the proper re- 
lationship between a theory, its assump- 
tions, and its consequences. Accordingly, 
a somewhat detailed account of Samuel- 
son’s critique follows. 

Samuelson defines a theory (called B) 
“'..as a set of axioms, postulates, or 
hypotheses that stipulate something about 
observable reality” (1963, p. 233), ie., 
the set is either refutable or confirmable in 
principle by observation.* A theory has a 
set of consequences (called C) which are 
logically implied by the theory and a set of 
assumptions (called A) which logically im- 
plies the theory. 

“T£-C is the complete set of consequences 
of B, it is identical with B...” (p. 234), 
and if A is the minimal set of assumptions 
that give rise to B, then A is identical with 
B. According to Samuelson, if C and A are 
given the above interpretation, they are 
logically equivalent to B and hence to each 
other. Therefore the degree of “realism,” 
“factual correctness,” ‘empirical validity,” 
or “truth” of any one of A, B, C is shared 
by the other two. 

Samuelson contends that it is a con- 
tradiction to maintain that any one of A, 
B, C can have a degree of realism different 
from the other two. He cites as an example 
of this point, Hendrik Houthakker’s result 
(1950) that the ordinal theory of utility is 


3 Obviously, there is ambiguity in the usage of such 
words as theory, assumptions, implications, conse- 
quences, etc. This has hindered clarification of the issue. 

4 Samuelson does not seem to be aware of the prob- 
lems associated with confirmation. For illuminating dis- 
cussions of these problems, see John Watkins (1957), 
(1960) and Nelson Goodman. 
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logically equivalent to the Strong Axiom 

of revealed preference, that is, a rational 

consumer in conventional ordinal. utility 
theory never violates the Strong Axiom. 

~ In case only some part of A, B, C has 

empirical validity, Samuelson gives the 

following argument. 

Consider a proper subset (called C—) of 
the consequence set C and let set A be a 
proper subset of the enlarged assumption 
set (called 4+). Symbolically, he repre- 
sents this relationship as’ 

(1) A+). A#® B=CDC- 

If C has “... complete (or satisfactory) 
empirical validity” (p. 234), then so does 
the theory, B, and the assumption, A. 
However, we cannot say anything about 
A-+ “... unless its full content, which we 
may call A+=B+2C+ also have em- 
pirical validity. If that part of C+- which is 
not in C is unrealistic in the sense of being 
empirically false at the required level of 
approximation, then A+ is definitely the 
worse for it” (p. 234). According to Sam- 
uelson, then, it is absurd to maintain that 
if only some parts of C are valid, then B 
and A are important though invalid. The 
only thing to do he says is to eliminate that 
part of B and A corresponding to the in- 
valid part of Cand retain A-=B-—-=C-. 

We can summarize Samuelson’s critique 
as follows. 1) It is a contradiction to main- 
tain that all consequences can be valid and 
the theory and the assumptions not valid. 
2) It is absurd to maintain, in the case 
where only some of the consequences are 
valid, that the theory and the assumptions 
are Important though invalid. The part of 
the theory set and the assumption set cor- 
responding to the invalid part of the conse- 
quence set should be eliminated. For con- 
venience let us call 1) the F-Twist Theo- 
rem and 2) the F-Twist Corollary. 


5 The > is ambiguously used by Samuelson. It is not 
' clear whether it signifies class inclusion or implication 


JUNE 1973 


III. Instrumentalism and the 
Methodology of Milton Friedman 

Instrumentalism is the thesis that a 
theory in science is merely an instrument 
for pradiction of observable reality.’ Ac- 
cordingly, a theory cannot be properly 
called true or false. It is tested only by the 
conformity of its predictions with observ- 
able reality. It is superfluous and irrelevant 
to tes: assumptions as they are merely 
tools cr instruments which are judged by 
their ease or convenience in use. The ade- 
quacy of the assumptions cannot be de- 
cided independently of deciding whether 
the theory “works,” i.e., whether the pre- 
dictions are accurate enough. Furthermore, 
the testing of assumptions may mislead a 
theorist away from the testing of the the- 
ory by its predictions. 

Tha: Friedman is an instrumentalist is 
quite evident. The apparent ambiguities 
and inconsistencies in his essay can best be 
sorted out by considering his view as in- 
strumentalist. All methodological pre- 
scriptions that Friedman makes are sub- 
sidiary to one overriding methodological 
maxim-—that of successful prediction. 

We can further elaborate on Friedman’s 
methcdological position by considering an 
alternative interpretation presented by 
Kurt Slappholz, an economist, and Joseph 
Agassi, a philosopher and historian of sci- 
ence, in their ‘Methodological Prescrip- 
tions ir. Economics.” 

In tneir review of Friedman’s essay, 
Klappkolz and Agassi contend that Fried- 
man’s position is essentially a critical one. 
However, they poin: out that by establish- 
ing certain methodological prescriptions 
for progress in economics he lapses occa- 
sionally into an uncritical one. 

They illustrate their criticisms by ex- 
amining three propositions in Friedman’s 
essay: | 


€ For £ critical discussion of instrumentalism, see Karl 
Popper (1969). 
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(a) “A hypothesis can be tested only by 
the conformity of its implications or 
predictions with observable phe- 
nomena” (p. 40, our italics). 

(b) “Great confidence is attached to 
.... & [hypothesis] if it has survived 
many opportunities for contradic- 
tion” (p. 9).... 

(c) A new or rival theory ‘‘must have 
implications susceptible to empirical 
contradiction” before it can be re- > 
garded as interesting and important 
(p. 38). [p. 66] 

Klappholz and Agassi challenge (a) as 
untrue because an untestable theory may 
be criticized, for example, by comparing it 
with another theory. Furthermore, they 
consider it to ke dogmatic to lay such a 
heavy emphasis on testability. If Fried- 
man’s position is interpreted as instru- 
mentalist, it can easily be seen that test- 
ability (in Friedman’s sense) is both a 
necessary and a sufficient condition for the 
acceptability of a theory. 

As for (b), they point out that absence of 
refutation does not mean one should have 
greater confidence in a theory. This propo- 
sition (bì can best be understood if we note 
Klappholz and Agassi’s view of testing. 
For them, testing is a test of our under- 
standing; for Friedman, it is a search for 
the limits of applicability. Once the limits 
are established, the instrumentalist will 
use the theory if it is successful in predict- 
ing events of a specified kind as determined 
by these limits. Confidence will be attached 
to a theory qua instrument if it is success- 
ful in making vredictions on many occa- 
sions. A theory is not considered to be 
“contradicted” if it is refuted. Rather it is 
rejected “... if its predictions are con- 
tradicted (“‘freauently”’ or more often than 
predictions from alternative hypothesis)” 
(Friedman, p. 9, emphasis added). In 
other words, what Friedman means by 
noncontradiction is best understood in the 
context of his criterion of success of a the- 
ory-—it works! 
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Klappholz and Agassi criticize (c) be- 
cause it denies a yet unfalsifiable theory 
from careful consideration. Friecman’s 
overriding concern for successful predic- 
tions rules out such careful consideration 
for fruitful alternative theories. Referring 
to the criticisms of economic theory by 
Thorstein Veblen and others, Friedman re- 
marks that “. .. criticism of this type is 
largely beside the point unless supple- 
mented by evidence that a hypothesis dif- 
fering in one or another of these respects 
from the theory being criticized yields 
better predictions for as wide a range of 
phenomena” (p. 31). 

Again we can understand Friedman’s 
position. A theory must be the mest suc- 
cessful predictor before it can be given 
serious consideration. 

As a consequence of the instrumentalist 
position, allegedly false statements in the 
theory are not problematic if the theory 
can give sufficiently accurate predictions. 
Sufficiency is determined with respect to 
the predictive power of all other alterna- 
tive theories. Similarly, statisticel rela- 
tionships can be postulated between vari- 
ables without explaining the mechanism 
linking them provided such relationships 


_ are useful in generating predictions. 


IV. A Critique of Samuelson’s Critique » 
We shall now use the interpretation of 


Friedman’s methodology given in Section 


III to construct a possible Friedman de- 
fense against Samuelson’s critique.’ In ad- 
dition we shall, independent of instru- 
mentalism, offer a critique of Samelson’s 
critique. 

In Section II we summarized Samuel- 
son’s criticisms as 

F-Twist Theorem: It is a contradiction 


? It is not surprising that Friedman has not replied to 
his critics. Presumably, he regards arguing akout meth- 
odology to be like arguing about realism of a theory or 
its assumptions. 
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to maintain that all consequences can be 
valid and the theory and the assumptions 
not valid. 

F-Twist Corollary: It is absurd to main- 
tain, in the case where only some of the 
consequences are valid, that the theory 
and the assumptions are important though 
invalid, The parts of the theory set and the 
assumption set corresponding to the in- 
valid part of the consequence set should 
be eliminated. 

First consider the Friedman-type de- 
fense against the critique. Friedman would 
certainly reject the Theorem since he does 
not accept Samuelson’s view of the de- 
sired relationship between a theory and its 
assumption and consequences as one of 
logical equivalence. In fact, Friedman con- 
siders a logical equivalency as a vice (which 
we may call the “S-Twist”): “... eco- 
nomic theory must be more than a struc- 
ture of tautologies if it is to be able to 
predict and not merely to describe the 
consequences of action” (p. 11). 

Similarly Friedman would reject the 
Corollary since for his instrumentalism it 
is irrelevant that the theory set or its as- 
sumption set is invalid since what matters 
is whether the theory gives sufficiently 
accurate predictions for the purpose at 
hand. 

Even if elimination of the part of the 
theory set or the assumption set corre- 
sponding to the invalid part of the conse- 
quence set were possible it may not always 
be desirable to do so for instrumentalism. 
The corresponding part of the theory set or 
the assumption set may be required for the 
generation of the valid predictions. 

What then remains of Samuelson’s cri- 
tique? Perhaps, his claim that Friedman is 
praising a theory for its shortcomings, i.e., 
its unrealism? It is doubtful that Friedman 
intends this when he says, “Truly impor- 
tant and significant hypotheses will be 
found to have ‘assumptions’ that are wildly 
inaccurate descriptive representations of 
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reality, and, in general, the more signifi- 
cant tae theory, the more unrealistic the 
assumptions (in this sense)” (p. 20). For 
Friedman a theory is supposed to be an 
abstraction. It is the convenience of the 
simplicity produced by an abstraction 
which is its primary virtue, 1.e., abstrac- 
tion makes it possible for a theory to be 
used a3 an instrument for prediction. As 
noted in Section IT, Friedman regards com- 
plete descriptive realism as a vice since 
that would render a theory useless for pre- 
diction {see Friedman, p. 15 and Ernest 
Nagel 11963)). 

We must therefore conclude that Sam- 
uelson’3s misinterpretation of Friedman’s 
methocology has led to the failure of his 
critique.? 

It remains for us to consider whether 
Samuelson can still maintain both the 
Theorem and the Corollary. Unfortu- 
nately he cannot since both propositions 
are beset with numercus difficulties. 

Let us first consider the Theorem. Sam- 
uelson says that if C is the complete or full 
set of consequences of the theory, B, then 
C is identical or logically equivalent to B 
and shares the same degree of realism 
with Æ. | 

First, it is not clear how completeness of 
C is shown. A theory is considered to be 
complete with respect to a set of state- 
ments if that set is logically deducible from 
the axiom set of the theory using the given 


§ Fritz Machlup charges Samuelson to be as much an 
“F-Twiste” as Friedman. Machlup cites Samuelson’s 
famous factor price-equalization theorem. Samuelson 
acknowledges that the list of assumptions of the the- 
orem cannot be met in the real world but that “...a 
strong polar case like this... can often shed useful 
light on jectzual reality”. (1964, p. 737). One wonders 
whether the F-Twist would be acceptable to Samuelson 
if it were reformulated as follows: If C is empirically 
valid (.2., realistic at some degree of approximation), 
Band 4 sre important provided they are realistic at 
some degree of approximation (the degree of approxima- 
tion may roz be the same as that of C, but it is deter- 
mined by zhe successfulness of C). If C is successful, 
then the degree of approximation of B and A is accept- 
able. 
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rule(s) of inference.” Consequently, the 
complete set must be enumerated before 
showing whether the set is deducible from 
the axiom set. Secondly, allowing for the 
possibility that completeness can be deter- 
mined, the argument still breaks down. 
Because a theory is shown to be complete, 
it does not mean that the derived proposi- 
tions or theorems, Samuelson’s C, are 
logically equiva-ent to the axiom set, ex- 
cept in the trivial sense that the axioms 
imply themselves. It is rather odd, to say 
the least, to prove the axiom set from the 
theorems since the axiom set is chosen such 
that the theorems can be proven. Of 
course, the possibility remains that by 
complete set of consequences Samuelson 
means the set that is logically equivalent 
to the theory set. 

Thirdly, even if the set of axioms is 
logically equivalent to the set of conse- 
quences, his position is still untenable. For 
a theory to be explanatory it must satisfy 
a number of conditions. The set of state- 
ments which forms the explanation (called 
the explanans) must logically entail the 
set of statements which describe what is to 
be explained (called the explanandum). 
The explanans must not be known to be 
false and be independently testable. To 
be independently testable the explanans 
must have testable consequences in addi- 
tion to the explanandum. Consequently, 
the explanans must be richer in explana- 
tory power and empirical content than the 
explanandum. Moreover, to preclude ad 
hoc explanations, the explanans must also 
include at least one universal law.'° 

Clearly a statement of logical equiva- 
lence has no excess empirical content. The 
explanans (the axiom set) is just a restate- 


* The meaning of completeness, chosen here, appears 
to be the most appropriate since the others (see Irving 
Copi, ch. 6) refer te more highly axiomatized theories 
than those found in economics. For a different view of 
completeness in economics, see Boland (1970b). 

u For further discussion of the explanatory view of 
theories see Popper (1957), (1968), (1969). 
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ment of the explanandum (the consequence 
set). There is no evidence for the explanans 
apart from that for the explanandum.” 
Thus in the theory of consumer behavior, 
used by Samuelson as an example of a suc- 
cessful economic theory, revealed prefer- 
ence theory is just a restatement of the 
ordinal utility theory (with certain regu- 
larity assumptions). Neither theory can be 
considered to be an explanation of the 
other. 

Nevertheless, supporters of Samuelson’s 
view would deny that theories are ever ex- 
planatory and that descriptions are all 
that are attainable. They consider the 
word “explanatory” to be an honorific title 
conferred on a better description. We shall 
take up this claim in Section V. The argu- 
ment about his usage of the word “min- 
imal” can be developed on similar lines. 

Having cast sufficient doubt on the view 
that a theory is zdeally"* logically equiva- 
lent to its assumptions and its conse- 
quences, we have shown that the F-Twist 
Theorem is at minimum highly problem- 
atic. The possibility remains that the. 
theory, its assumptions, and its conse- ` 
quences can have different degrees of real- 
ism or empirical validity. Of course it is 
wrong to say that the consequence set can 
be false and the axiom set, true. By Modus 
Tollens! the falsity of the consequence set, 


11 Most philosophers are in agreement on this point. 
See Nagel (1961) pp. 33-37; Popper (1968), ch. 3, 
especially Sec. 15, (1969), pp. 385-88; Carl Hempel, 
pp. 30-32; and Richard Braithwaite, ch. 3, especially 
p. 76, 

2 Samuelson seems to see logical equivalency as a 
theoretical goal. This point will be discussed in greater 
detail in Secticn V. 

138 Modus Tollens is a rule of inference in logic by 
which we can validly infer from the truth of a condi- 
tional statement and of the negation of the consequent 
clause of the conditional statement to the truth of the 
negation of the antecedent clause of the conditional 
statement. For example, from the truth of “If Socrates 
is a man, then he is mortal” and the truth of “It is not 
the case that he is mortal,” we can validly infer by 
Modus Tollens the truth of ‘It is not the case that 
Socrates is a man.” For further details see any standard 
textbook in logic, for example, see Copi, ch. 2. 
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i.e., of at least one consequence, implies the 
falsity of the axiom set.‘ That is, if at least 
one of the logical consequences has been 
shown to be false, then we know that at 
least one of the antecedents is false. 
Whether we can find the false antece- 
dent(s) is a difficult question to answer.” 
However, to make the above criticism of 
an invalid argument, we need not hold the 

view that a theory is logically equivalent 
_ ‘to its consequences. 

Let us now turn to the Corollary, which 
is closely linked to the Theorem. Samuel- 
son argues that it is absurd to claim that a 
theory and its assumptions can be i impor- 
tant though invalid if some of the conse- 
quences are invalid. He suggests that the 
invalid parts of the theory and of the as- 
sumptions corresponding to the invalid 
consequences should be eliminated. 

The first part of the Corollary follows 
from the Theorem. On its own what it 
means is not clear. As to the call for the 
elimination of the parts of the theory and 
assumptions corresponding to the invalid 
consequences, Samuelson fails to recognize 
- that it is not always possible to identify the 
corresponding parts. Furthermore, if the 
parts could be so identified it may not be 
possible to eliminate them if they are re- 


quired for the explanation and prediction — 


of the valid or true consequences. (See also 
fn. 14.) 

We have now shown that there is not 
much substance to Samuelson’s critique 
from an instrumentalist point of view. 
Moreover, we have shown, independently 
of instrumentalism, that Samuelson’s cri- 
tique is beset with numerous difficulties. 


M On falsification see Popper (1968), ch. 1, especially 
Sec. 6 and ch. 5. | 

18 See W. V. Quine, ... our statements about the 
external world face the tribunal of sense experience not 
individually but only as a corporate body,” (p. 41, see 
also pp. 42-46). See also Lakatos, Appendix. 

16 For those who do not accept the dismissal of Sam- 
uelson’s critique, there is the option to criticize his meta- 
assumption(s) rather than his mieta-conclusions, the 
F-Twist Theorem and the F-Twist Corollary. Now, this 
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y. Descriptivism and the Methodology 
of Paul Samuelson! 


The following discussion can only be a 
preliminary examination of the methodol- 
ogy cf Samuelson. Unfortunately, no. ac- 
count of the methodology of such an influ- 
ential economist has yet appeared in eco- 
nomic literature. In this section attention 
will be given to his writings on methodo- 
logical issues. A more thorough examina- 
tion would require, in addition, a consider- 
ation of his methodological views that are 
either implicit or explicit in his writings on 
theoretical and policy issues. 

In Section IV, it was shown that Sam- 
uelson’s presentation of the relationship 
between a theory and its assumptions and 
consequences is wrong since for a theory to 
be explanatory and informative, it must go 
beyond redescription of what is to be ex- 
plained.?® 

As noted in Section IV, Samuelson re- 
jects the view that theories are explana- 
tory. “Every description that is superseded 
by a ‘deeper explanation’ turns out upon 
careful examination to have been replaced 
by still another description, albeit possibly 


option should be welcomed by Samuelson as it is an 
important aspect of his critique of Friedman’s rejection 
of criticism of assumptions. This option will be taken up 
in Section V. If we are successful in criticizing his meta- 
assumption(s), Samuelson must cease using the The- 
orem and the Corollary. Should the defenders or advo- 
cates of Samuelson’s critique continue to assert them, 


that is, the same meta-conclusions regardless of Samuel- 


son’s meta-assumption(s), they will be caught in a con- 
tradiction. Samuelson’s defenders will then be practicing 
Friedman’s instrumentalist methodology at the meta- 
level. 

1? The views of Samuelson and Friedman are not 
mutually exclusive. In fact, Boland (1970a), (1971) 
maintains that they both share the same methodology, 
that of conventionalism. The debate is then seen as a 
family dispute over which conventionalist. criteria has 
priority, generality or simplicity. 

18 By zo beyond redescription, it is not suggested that 
a theory is therefore necessarily a false description. 
What is advocated is that a theory to be informative 
must not be a restatement of what is to be explained. 
Samuelson (1965a} does not seem to understand this 
point which was made by Gerald Massey. 
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a more useful description that covers, and 
illuminates a wider area” (1964, p. 737). 
An explanation is just an honorific title for 
a better description, that is, “. .. a better 
kind of description and not something that 
goes ultimately beyond description” (1965a, 
p. 1165; see also 1965c, p. 103). 

Why does Samuelson regard a theory to 
be only a description and not an explana- 
tion? Why does he want a theory to be 
logically equivalent to its assumptions and 
to its consequences? 

The answers to both questions are rooted 
in Samuelson’s particular methodological 
view, a version of descriptivism (see 
Nagel (1961), especially pp. 118-29).!® The 
answers given will be explanations which 
are not ultimate but remain always conjec- 
tural. Neverthe-ess, they offer reasons for 
Samuelson’s chcice of methodological posi- 
tion. 

According to Samuelson’s descriptivist 
methodology, 1} a theory is just a descrip- 
tion of observable experience, a convenient 
and mnemonic representation of empirical 
reality (1952, p. 61); (1963, p. 236); (1965a, 
p. 1171). As a corollary, 2) knowledge con- 
sists essentially of observational reports; 
a theory expressible in observational lan- 
guage is superior to those that are not. The 
reasons for rejecting the view that theories 
are explanatory are: 3) Explanations are 
ultimate (1965c, pp. 102-03). 4) Apriorism 


must be avoided, hence theories should be 


expressed in observational language (1963, 
p. 235); (1964, p. 738). 5) Explanations 
turn out to be just better descriptions 
(1964, p. 737); (1965a, p. 1165). 6) All 
well-known theories in science are expres- 
sible in terms o: observational statements, 
i.e., basic statements (1965a, p. 1167). 
With the above interpretation of Sam- 
uelson’s methodology, we can now see why 
Samuelson has logical equivalency as a 


19 The term descriptivist is used rather than the usual 
descriptive because the view attacked is not that the- 
ories are descriptive but that they are only descriptive. 
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theoretical goal. Since for him the object 
of a theory is to represent observable ex- 
periences, he considers as a successful the- 
ory one which is logically equivalent to 
statements of facts, the observational re- 
port. Morecver, he says that a theory is 
approximate, and worse off because of it, 
if it is not equivalent to statements of the 
observable reality. 

Given the goal of logical equivalercy, we 
can now consider Samuelson’s view of the 
development of theory in science, including 
economics. 

We can represent Samuelson’s schema 
below. It is adapted from his 1963 paper. 
Each entry is a proper subset (or conse- 
quent, since the notation is used ambigu- 
ously by Samuelson) of the entry above it. 
In the northerly direction, there is increas- 
ing generality or universality. At each 
level, an attempt is made to establish a 
logical equivalency between a theory and 
its assumptions and its consequences. 
Once this relationship is achieved, the 
theoretical task is completed. A search is 
then made to expand the framework by 
another logical equivalency between a 
theory and its assumptions and conse- 
quences at the next level up. Samuelson 
has viewed as an example of successful 
theoretical work, the theory of consumer’s 
behavior, because the conventional ordinal 
utility theory (B) was shown by Houthak- 
ker to be equivalent to the revealed prefer- 


ence approach (C), ie., B=C. 


A ssumplions Theory Cor sequences 
; á+... + = B+... +4 =C+... +4 

2 2 D 

A+ = B+ = C-+ 

2 e a 

A = B =C 
Generality D D a 

A— = B- =C— 
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Now a refutation of Samuelson’s de- 
scriptivist methodology will be given. With 
such a refutation, we can reject the goal of 
logical equivalency since it is just a speci- 
fication of his descriptivist methodology. 

Explanations are not ultimate. We can 
give explanations of explanations. Samuel- 
son mistakenly identifies the explanatory 
view with an essentialist view. Essentialism 
aims at ultimate explanation which is 
neither capable nor in need of further ex- 
planation. It maintains that a theory goes 
behind the appearance of phenomena to 
reveal their underlying essences (see Pop- 
per (1969)). Clearly, essentialism is not a 
necessary part of the explanatory view. 

Samuelson has rightfully condemned 
apriorism, the view that all phenomena 
can be explained as consequences of self- 
evident first principles, the truth of which 
is independent of all possible experience. 
But the alternative to such apriorism is not 
to ground theories in observational state- 
ments. For such a program is impossible 
to achieve because of insurmountable dif- 


ficulties, both logical and epistemological. © 


First, the logical one, a theory is not 
logicalty equivalent to a set of observa- 
tional statements because of the logical 
form of a theory. An observational state- 
ment, that is, a basic statement, is of the 
form, “There exists an x with property P 
at place-time v, ¢.”’ A theory on the other 
hand includes at least one unrestricted uni- 
versal statement of the form, “For all x, 
if x is P, then x is Q,” where no spatio- 
temporal location is specified. A theory, 
therefore, cannot be logically equivalent to 
a set of observational statements because 
an unrestricted universal statement is not 
equivalent to a finite conjunction of ob- 
servational statements, i.e., basic state- 
ments. . 

Samuelson’s contention that well-known 
theories in science are expressible in terms 
of basic sentences (statements) is wrong. 


This contention was made in response to- 
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Massey’s remarks that.*‘. . . empirical sci- 
ence comes to maturity only after it effects 
a clean break with basic sentences, only 
after it boldly postulates theoretical state- 
ments zhat ultimately are anchored, though 
not submerged, in experience by means of 
semantic ties to basic sentences” (p. 
1163) .™ 

Charging Massey with using “imperial- 
istic” vocabulary to refer to indirectly ob- 
servab.e sentences, Samuelson claims that 
to acc2at his views would be tantamount to 
considering well-known theories in science 
to be inferior since, these too, are expres- 
sible in terms of Massey’s basic sentences. 
Claiming the support of several physicists, 
Samuelson maintains that the following 
theories are all expressible in terms of 
basic sentences: Galileo’s theory of falling 
bodies, Newtonian theory of gravitation 
as appied to the #-body problem, Ein- 
stein’s special thecry of relativity, and 
classical thermodynamics of Carnot, Clau- 
sius, Kelvin and pre-1900 Gibbs. However, 
the exemples he cites cannot be so ex- 
pressed. All these theories claim to be uni- 
versal. For example, Galileo’s theory does 
not apply only to a finite number of bodies 
but to any body. Therefore, they are not 
equivalent to a finite conjunction of basic 
sentenc2s. 

Seccndly, there does not exist an inde- 
pendent observational language in which 
to ground theories and theoretical con- 
cepts: While one may accept the criticism 
that a theory cannot be expressed as a 


20 Much of the confusion evident in the exchange be- 
tween Samuelson and Massey can be attributed to Mas- 
sey’s rather uncritical use of the term basic. Massey 
considers those sentences which are basic to be properly 
called trae or false. Theoretical sentences can not be 
called true or false; their ecceptance is only indirectly 
linked wita observable experience. To draw such a dis- 
tinction between theoretical and basic sentences, Mas- 
sey has zcopted the view that basic sentences are the 
fundamental and thus indisputable building blocks of 
scientific theories. This view overlooks the theoretical 
content of basic sentences and thus that theoretical 
sentences can be true or false. 
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finite conjunction of basic sentences, one 
still.may wish to maintain that a theory is 
observational in so far as it contains ob- 
servational terms. For example, “For all 
x, if xis P, then x is Q” may be considered 
to be observational because P and/or Q 
are observational terms. Unfortunately, 


this view cannot be maintained without ` 


encountering further difficulties. All obser- 
vational terms are theory-laden. They im- 


plicitly presume theories which by their | 


very nature go beyond just redescription 
of the facts. These theories prescribe law- 
like behavior te certain entities. For ex- 
ample, such observational terms as glass 
or water presume lawlike behavior. We can 
challenge whether a container is a glass by 
testing the container for properties of a 
glass.” 

To accept the view that all observational 
terms are theory-laden would be incom- 
patible with the descriptivist position. For 
the view that knowledge consists essen- 
tially of observational reports is incom- 
patible with the view that all observa- 
tional terms are theory-laden. If the in- 
formative part of a statement is the ob- 
servational, then we do not know what a 
statement is asserting unless we can sepa- 
rate the observational from the theoretical. 
But then we cannot do this.” 

Explanations are not just better de- 
scriptions. This assertion can be supported 
through an examination of Samuelson’s 
claims that Newton’s theory is just a better 
description than. Kepler’s theory (1964, p. 
737) and that Kepler’s three laws together 
are necessary and sufficient conditions for 
the truth of Newton’s theory (1965a, p. 
1169). Both of these claims are false. 


1 See Popper (1968, especially Appendix *x) for a 
more detailed discussion of this point. For a somewhat 
different view of theory-ladenness see Kuhn and for a 
critical assessment of Kuhn’s view see articles in 
Lakatos and Musgrave. 

2 For a devastating criticism of sensationalism of 
which oe apuviem i is & part, see Agassi. 


WONG: F-TWIST 7 321 


That Kepler’s results are good approx- 
imations to Newton’s is not denied. But 
only after Newton’s theory was estab- 
lished were Kepler’s results corrected. 
Further, Newton sought to explain (and 
consequently, corrected) Kepler’s results 
by deducing them from more fundamental 
laws, the Laws of Motion and Universal 
Gravitation. Therefore, to say that expla- 
nations are just better ES PPUODA is un- 
founded historically. 

To deduce Kepler’s third Gs from New- — 
tonian theory, we have to assume that all 
planets are of the same mass. But that 
assumption is false. Therefore, Kepler’s 


-laws are not necessary and sufficient condi- 


tions for the truth of Newton’s theory (see 
Max Born, pp. 129-33; Popper (1957, 
p. 29 and passim); Pierre Duhem, Part II, 
ch. 6, Section 4; and Herbert Goldstein, 
p. 80). Thus the refutation of Samuelson’s 
descriptivism is completed. 

With the refutation of the descriptivist 
view and thus, of the goal of logical equiva- 
lency we can now ‘understand the signifi- 
cance of Samuelson’s claim that a success 
was achieved when Houthakker showed 
the equivalence of the conventional utility 
approach and the revealed preference ap- 
proach. Houthakker in his well-known sur- 
vey of consumer theory adopts the same 
view as Samuelson: 


The principal qualification to Fried- 
man’s methodological position that 
needs to be made is that in a well-de- 
veloped theory the distinction between 
assumptions and conclusions disappears. 
If a theory reaches logical (as opposed to 
empirical’ perfection, the assumptions 
under which any conclusion is derived 
are just strong enough for that purpose; 
in other words the assumptions are 
necessary and sufficient for the conclu- 
sions, and each may be judged by the 
other. The theory then becomes a list of 
equivalent relations between two sets of 
concepts, neither one of which is more 
fundamental than the other. 

[1961, p. 705] 
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As noted earlier, if.we show that a theory 
is logically equivalent to its assumptions 
“and to its consequences, then we must re- 
ject the theory as an explanation of the 


` consequences and the assumptions as an’ 


explanation of the theory. A set of state- 
ments used to explain another set of state- 
ments cannot itself be explained by the 
other set of statements. One may ask what 
purpose is served by choosing to group 
statements under the categories: assump- 
tions, theory, and consequences. For Sam- 
uelson’s descriptivism, the choice has no 
epistemological basis, only a conventional 
(arbitrary) one. 

Samuelson cites as an example of a well- 
developed theory; the theory of consumer 
behavior: “The doctrines of revealed pref- 
erence provide the most literal example of 
-a theory that has been stripped down to its 
bare implications for empirical realism: 
Occam’s Razor has cut away every zipper, 
collar, shift, and fig leaf” (1964, p. 738). 
© Referring to the work of Houthakker on 
revealed preference, Samuelson asserts 
“... that the conventional theory has no 
wider implications than these prosaic 
factual implications [i.e., one never ob- 
serves the contradiction of the Strong 
Axiom]. Once the two formulations had 
been rigorously proved to imply each 
-other mutually, that issue was settled” 
(1964, p. 738). 

These comments on the development of 
the theory of consumer’s behavior. are 
rather curious. The theory of revealed 
preference was originally offered as a re- 
placement for the ordinal utility theory 
because Samuelson wished to rid the the- 
ory of consumer behavior of all depen- 
dence on empirically untestable hedonistic 
psychology and utilitarian philosophy 
(1938), (1965b). The Strong and Weak 
Axioms were considered to be the empiri- 
cally testable versions of the theory of 
consumer behavior. With the work of 
Houthakker (1950) and Hirofumi Uzawa 
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we now know that the two versions of the 


theory are logically equivalent. Hence, the 

revealed preference version is no more 

testab.e than the ordinal utility version. 

In fact, no desired goals appear to be 

achieved by this new approach. If so, why 

does Samuelson still advocate the pursuit 
of logical equivalencies? 

That Samuelson seeks logical equiv- 
alencies is evident by considering his view 
of the role of deduction: “...it is clear 
that deduction has the modest. linguistic 
role oi translating certain empirical hy- 
pothes2s into their ‘logical equivalents’ ”’ 
(1952, p. 57; see also 1965b, p. 12). In 
terms of the analysis in Section IV, the 
logical equivalent of an empirical hy- 
pothes:s (theory) is presumably the com- 
plete consequence set. Samuelson’s view 
of the role of deduction seems rather un- 
usual. This view of the role of deduction 
is only compatible with the goal of logical 
equiva_ency. 

Nevertheless, Samuelson insists that we 
always derive logical equivalents in deduc- 
tion: : 

Actually, if proposition A correctly im- 
plies proposition B, and B correctly im- 
plies proposition C, and so forth all the 
way 7c Z, then it is necessarily true that 
A implies Z in every sense that it implies 
B. Taere can be no leakage of truth at 
any stage of a valid deductive syllogism. 
All such syllogisms are mere transla- 
tions of the type, “A rose Is a rose is a 
rose.” {1952, p. 58] 

A implies Z does not mean that Z is 
logically equivalent to A. For A to be 
logically equivalent to Z, we must show 
that A implies Z and Z implies A. 

While we can, if we so wish, regard the 
role ot ceduction as one of deducing logical 
equivalsnts from empirical hypotheses, it 
is wrong to assert that all logical conse- 


. quents are logical equivalents. 


VI. What Is Notthe Methodological Choice? 


While the paper has been primarily di- 
rected to the refutation of Samuelson’s 
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espoused methcdology, it should now be 
clear that the refutation should not be in- 
terpreted as a vindication of Friedman’s 
position. 

Throughout the debate in economic 
literature the choice has been between 
either Friedman’s or Samuelson’s position. 
Unrealism is regarded as a Samuelson vice 
(the F-Twist) but in some sense a Fried- 
man virtue (in view of instrumentalism) ; 
pure description, the end of which is a 
logical equivalency, a Friedman vice 


(which in Section IV we have called the © 


S-Twist) but a Samuelson virtue (in view 
of descriptivism). Descriptivism was shown 
to be untenable in view of logical and 
epistemclogical difficulties but instrumen- 
talism cannot be defeated in a similar 
fashion. | 

In fact no refutation appears possible. 
Although Samuelson’s descriptivism does 
not allow a valid critique of Friedman’s 
instrumentalism, one can appreciate the 
spirit of Samuelson’s F-Twist caricature, 
namely, that Friedman’s methodology is 
- fundamentally anti-intellectual. Instru- 
mentalism provides a self-justification for 
its methods and its methodological choices. 
This self-justification is quite apparent in 
view of the current controversy about the 
new monetarism over such issues as the 
relation of the money supply to the money 
GNP. Harry Johnson attributes in part the 
rise of the new monetarism to Friedman’s 
methodology: “...the methodology of 
positive economics was an ideal methodol- 
ogy for justifying work that produced ap- 
parently surprising results without feeling 
obliged to explain just why they occurred 
and in so doing mystifying and exciting the 
interest of noncommitted economists and 
wavering Keyresians” (p. 13). 

However, he correctly notes the limita- 
tion of instrumentalism and the difficulty 
involved in defeating it: “The demand for 
clarification of the mechanism by which 
results can be explained is contrary to the 
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Why does it matter if we chocse one 
methodology or another? Why shtuld we 
even be self-conscious of our methcdologi- 
cal choices? 

Although perhaps not immediately ob- 
vious, many economic controversies are at 
their roots, methodological ones.” In addi- 
tion to the dispute over the new mone- 
tarism, explicit methodological corsidera- 
tions may throw light on a controversy 
which has enthralled the leading economic 
theoreticians for over twenty years, the 
controversy over the theory of caprtal and 
growth.” 

We can briefly consider two recent re- 
sults in the raging controversy. In chal- 
lenging Robert Solow’s claim of the impor- 
tance ‘of Irving Fisher’s concept of the 


“rate of return” to the determinction of 


the “rate of profit,” Luigi Pasinetti points 
out: 


After calling “social rate of returr”’ the 
rate of profit at which two economic sys- 
tems are equally profitable one should 
not be surprised to find that the social 
rate of return so defined is indeed, in all 
circumstances, equal to the rate of profit 
at which the two economic systems are 
equally profitable. This has beccme a 
tautological assertion, which no doubt 
is always true but which cannot prove 
anything on any theory of the rate of 
profit. [1969, p. 526] 


And furthermore, he points out that one 
may choose to use the words the “rate of 
return” as a synonym for the ‘rate of 
profit” but that one cannot ‘... ob- 
viously pretend to use the notion oi rate of 
return to explain the rate of profit” (p. 
529, see also (1970)). 

Solow retorts that it is silly tc call it 
tautological: “Any deductive proposition 


3 With Heuthakker’s result, one would have ex- 
pected a controversy to develop in the thecry of con- 
sumer behavior. 

*4 For a detailed exposition of the main issues, see 


_ G.C. Harcourt. 
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ts tautological; one can only say that some 
are less obvious or less interesting than 
others” (p. 425, emphasis added). It would 
appear that Solow shares the same view 
as Samuelson on the role of deduction 
and the role of theories. 

Finally, consider the recent results on 
the usefulness of the Cobb-Douglas pro- 
duction function to explain the relative 
constancy of shares going to labor and 
capital. Commenting on the measure of 
capital controversy, Joan Robinson re- 
ports on the apparent success of the Cobb- 
Douglas function: 


The suggestion is clear, however, that 
labor’s share is not roughly constant be- 
cause the diverse technical relationships 
of modern economies are truly repre- 
sentable by an aggregate Cobb-Douglas 
but rather that such relationships appear _ 
to be representable by an aggregate 
Cobb-Douglas because labor’s share hap- 
pens to be roughly constant. [F. Fisher, 
Rev. Econ. Statist., Nov. 1971, as quoted 
in Robinson (1971, p. 602).] 


Of course, the way is open for the rebuttal 
that the Cobb-Douglas is not really to 
explain but to describe the empirical rela- 
tionships found in economies. 

The above examples are suggestive of 
the possibilities open to explicit methodo- 
logical considerations in sorting out the 
issues at stake in economic controversies. 

What then is the methodological choice? 
It surely is not instrumentalism or descrip- 
tivism. Instrumentalism in its single- 
minded pursuit of predictions goes ‘beyond 
the facts” by considering the truth or 
falsity of statements to be irrelevant; 
descriptivism in its pursuit of pure descrip- 
tions designs a theory not to go beyond the 
facts and thus ends up with a theory being 
just a restatement of the “facts.” 

As an alternative to the two views, we 
have advocated the view that a theory is 
explanatory and informative, namely, that 
in order to have any explanatory content it 
must go beyond pure description. 

Hence, the descriptivist goal of logical 
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equivalency denies a theory any explana- 
tory content while the instrumentalist’s 
particular obsession with predictions dis- 
regards the explanatory content of a 
theory. 

The zhoice, then, is not between instru- 
mentalism and descriptivism but between 
them 52th and the view that a theory is 
explanatory and informative, one which 
provides an answer, albeit a tentative one, 
to the question, “Why?” 
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Some International Evidence on 
Output-Inflation Tradeoffs 


By RoBert E. Lutas, JR.* 


Cai 


This paper reports the results of an 
empirical study of real output-inflation 
_ tradeoffs, based on annual time-series from 
eighteen countries over the years 1951-67. 
- These data are examined from the point 
of view -of the hypothesis that average 
real output levels are invariant under 
changes in the time pattern of the rate of 


inflation, or that there éxists a “natural | 


rate” of real output. That is, we are con- 
cerned - with the questions (i) does the 
natural rate theory lead to expressions of 
the output-inflation relationship which 
perform satisfactorily in an econometric 
sense for all, or most, of the countries in 


the sample, (ii) what testable restrictions’ 


does the theory impose on this relation- 
ship, and (iii) are these restrictions con- 
sistent with recent experience? 

Since the term “natural rate theory” 
' refers to varied aggregation of models and 
_ verbal developments,! it may be helpful 
to sketch the key elements of the particular 


presumption is that inferences on these 
relevant, unobserved prices are made 
optimally (or “rationally”) in light of the 
stochastic character of the economy. 

As I have argued elsewhere (1972), 
theories developed along these lines will 
not place testable restrictions on the co- 
efficients of estimated Phillips curves or 
other single equation expressions of the 
tradeoff. They will not, for example, imply 
that money wage changes are linked to 
price level changes with a unit coefficient, 
or that “long-run” (in the usual distrib- 
uted lag sense) Phillips curves must be 
verzical. They will (as we shall see below) 
link supply parameters to parameters. 
governing the stochastic nature of demand 


- shifts. The fact that the implications of the 


version used in this paper. The first 


essential presumption is that nominal out- 
put is determined on the aggregate demand 
side of the economy, with the division 
into real output and the price level largely 
dependent on the behavior of suppliers of 
labor and goods. The second is that the 
partial “rigidities” which dominate short- 
run supply behavior result from suppliers’ 
lack of information on some of the prices 
relevant to their decisions. The third 


* Graduate School of Industrial Administration, Car- 
negie-Mellon University. 


1 The most useful, general statements are those of . 


Milton Friedman (1968) and Edmund Phelps. Specific 
illustrative examples are provided by Donald Gordon 
and Allan Hynes and Lucas (April 1972). 


| 326 


natural rate theory come in this form sug- 
gests arı attempt to test it using a sample, 
such as the one employed in this study, in 
which a wide variety of aggregate demand 
behavier is exhibited. 

In tke following section, a simple ag- 
gregative model will be constructed using 
the elements sketched above. Results 
based on this mode! are reported in Sec- 
tion ITI, followed by a discussion and con- 
clusions. 


I. An Economic Model 

The general structure of the model de- 
veloped in this section may be described 
very simply. First, the aggregate price- 
quantity observations are viewed as inter- 
section points of an aggregate demand and 
an aggregate supply schedule. The former 
is drawn up under the assumption of a 
cleared money market and represents the 
output-price level relationship implicit in 
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‘the standard IS-LM diagram. It is viewed 
as being shifted by the usual set of 
demand-shift variables: monetary and 
fiscal policies and variation in export de- 
mands. The supply schedule is drawn un- 
der the assumption of a cleared labor 
market; its slove therefore reflects labor 
and product market “rigidities.” 

The structure of this model, which is 
essentially thai suggested in Lucas and 
Leonard Rapping (1969), will be greatly 
simplified by ar. additional special assump- 
tion: thet the aggregate demand curve is 
unit elastic.2 In this case, the level of 
nominal output can be treated as an 
‘ “exogenous” variable with respect to the 
goods market, end the entire burden of ac- 
counting for tae breakdown of nominal 
income into real output and price is placed 
on the aggregate supply side. In the next 
subsection, A, 2 supply model designed to 
serve this purpose is developed. In subsec- 
tion B, solutions to the full (demand and 
supply) model are obtained. 


A. Aggregate Supply 


All formulazions of the natural rate 
theory postulete rational agents, whose 
decisions depend on relative prices only, 
placed in an 2conomic setting in which 
they cannot distinguish relative from gen- 
eral price movements. Obviously, there is 
no limit to the number of models one can 
construct where agents are placed in this 
situation of imperfect information; the 
trick is to find tractable schemes with this 
feature. One such model is developed 
below. 

We imagine suppliers as located in a 
large number of scattered, competitive 
markets. Demand for goods in each period 


? An explicit derivation of the price-output relation- 
ship from the IS-LM framework is given by Frederic 
Raines. Of course, this framework does not imply an 
elasticity of unity, though it is consistent with it. Since 
the unit elasticity hypothesis is primarily a matter of 
convenience in the present study, I shall comment below 
on the probable ccnsequences of relaxing it. 
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is distributed unevenly over markets, 
leading to relative as well as general price 
movements. As a consequence, the situa- 
tion as perceived by individual suppliers 
will be quite different from the agzregate 
situation as seen by an ‘outside observer. 
Accordingly, we shall attempt to keep these 
two points of view separate, turning first 
to the situation faced by individual sup- 
pliers. 

Quantity supplied in each market will be 
viewed as the product of a normal (or 
secular) component common to all markets 
and a cyclical component which varies 
from market to market. Letting 2 index 
markets, and using yn, and y to denote 
the logs of these components, supply in 
market z is: 


(1) ylz) = Yat F Yal2) 


The secular component, reflecting capital 
accumulation and population change, fol- 


_ lows the trend line: 


(2) Vat FSQ + Bt 


The cyclical component varies with per- 
ceived, relative prices and with its own 
lagged value: 


yer(Z) = y[Pr(z) Eg E(P, | I.(2))] 
+ AVe.t—-1(2) 


where P,(z) is the actual price in z at t and 


(3) 


_ E(P,|Ii(z)) is the mean current, general 


price level, conditioned on information 
available in z at t, 7,(z).2 Since ys is a 
deviation from trend, [A] <1. 


3 A supply function for labor which varies with the 
ratio of actual to expected prices is developed and veri- 
fied empirically by Lucas and Rapping (1969). The 
effect of lagged on actual employment is also shown. 
In our 1972 paper, in response to Albert Eees’s criti- 
cism, we found that this persistence in employment 
cannot be fully explained by price expectations behav- 
ior. Both these effects—an expectations and a persis- 
tence effect-——will be transmitted by firms te the goods 
market. In addition, they are probably augmented by 
speculative behavior on the part of firms (es analyzed 
for example, by Paul Taubman and Maurice Wilkinson). 

For a general equilibrium model in which suppliers 


. behave essentially as given by (3), see my 1¢72 papers. 
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The information available to suppliers 
in z at t comes from two sources. First, 
traders enter period t with knowledge of 
the past course of demand shifts, of normal 
supply Yn, and of past deviations y, 4-1, 
Vet-2,--..- While this information does 
not permit exact inference of the log of the 
current general price level, P}, it does de- 
termine a “prior” distribution on P,, com- 
mon to traders in all markets. We assume 
that this distribution is known to be nor- 
mal, with mean P, (depending in a known 
way on the above history) and a constant 
variance a”, 

Second, we suppose that the actual price 
deviates from the (geometric) economy- 
wide average by an amount which is dis- 
tributed independently of P,. Specifically, 
let the percentage deviation of the price in 
z from the average P, be denoted by z (so 
that markets are indexed by their price 


deviations from average) where z is nor- — 


mally distributed, independent of P:, with 
mean zero and variance 7°. Then the ob- 
served price in z, P:(z) (in logs) is the sum 
of independent, normal variates 


(4) Pz) = Pits 


The information /,(z) relevant for estima- 
tion of the unobserved (by suppliers in z 
at t) Pe, consists then of the observed 
price P,(z) and the history summarized 
in Py. 

To utilize this information, suppliers use 
(4) to calculate the distribution of Pi, 
conditional on P,(z) and P,. This distribu- 
tion is (by straightforward calculation) 
normal with mean: 


E(P, | I(2)) = E(P, | Pus), Pa) 
where @=1?/(o?+-7?), and variance 607. 


Combining (1), (3), and (5) yields the 
supply function for market z: 


ylz) = Ym + By | P.(z) = P,| 
= Aye t—1(2) 


(5) 


(6) 
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Averaging over markets (integrating with 
respect to the distribution of z). gives the 
aggregate supply function: 


Ve = Ynt + Oy (Pr zj P,) 
+ Alyt a asail 


The slope of the aggregate supply func- 
tion (7, thus varies with the fraction @ of 
total individual price variance, o°+r?, 
which is due to relative price variation. In 
cases where 7° is relatively small, so that 
individual price changes are virtually cer- 
tain to reflect general price changes, the 
supply curve is nearly vertical. At the 
other extreme when general prices are 
stable (7? is relatively small) the slope of 
the supply curve approaches the limiting 
value of y. 


B. Corapletion and Solution of the Model 


A central assumption in the develop- 
ment above is that supply behavior is 
based on the correct distribution of the 
unobserved current price level, P,. To 
proceed, then, it is necessary to determine 
what this correct distribution is, a step 
which requires the completion of the 
model ky inclusion of an aggregate de- 
mand side. 

As suggested earlier, this willbe done by 
postulating a demand function for goods of 
the form: 


(8) . M+ Pe = n 


where x; is an exogenous shift variable— 
equal to the observable log of nominal 
GNP. Further, let {Ax} be a sequence of 
independent, normal variates with mean 6 
and variance o,.° 


(7) 


4 This predicted relationship between a supply elas- 
ticity and tke variance of a component of the price series 
is analogous to the link between the income elasticity of 
consumption demand and the variances of permanent 
and transitory inccme components which Friedman 
(1957) observes. As will be seen in Section TI, it works 
in empirical testing in much the same way as well. 

§ This particular characterization of the “shocks” to 
the economy is not central to the theory, but to discuss 
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The relevant history of the economy 
then consists (at most) of ya, (which fixes 
calendar time), the demand shifts x, 
%1,..., and past actual real outputs 
Wit; Vea,  . . . Since the model is linear in 
logs, it is reasonable to conjecture a price 
solution of the form:* 


P= rot ritet rote H tzt t... 


titi tny- t e. + EoYnt 


“Then P, will be the expectation of Pi, 
based on all information except x, (the 
current demand level) or: 


P, = Po + (44-1 a ô) + Ttt 
(10) + WR3X+_2 4 a hese “+ NVVt—-1 
+ n2Vt—2 Wese T EoYnt 


To solve for the unknown parameters 
Ti, n; and & we first eliminate y, between 
(7) and (8), or equate quantity demanded 
and supplied. Then‘ inserting the right 
sides of (9) and (10) in place of P, and Pi, 
one obtains an identity in {a}, {ys}, and 
Yat, Which is then used to obtain the 
parameter values. The resulting solutions 
for price and output are:’ 


(9) 








l+6y i 


rational expectations formation at all, some explicit 
stochastic descripticn is clearly required. Independence 
is used here partly for simplicity, partly because it is 
empirically roughly accurate for most countries in the 
sample. The effect of autocorrelation in the shocks 
would, as can be easily traced out, be to add higher order 
. lag terms to the solutions found below. 

ê This solution method is adapted from Lucas (1972), 
which is in turn based on the ideas of John Muth. 

? If a demand function of the form ».=£P,-+2, had 
been used, these solutions would assume the same form, 
with different expressions for the coefficients. If &1, 
however, x, isan unobserved shock, unequal in general 
to observed nominal income. In this case, the model still 
predicts the time-series structure (moments and lagged 
moments) of the series ye and AP; and is thus, in princi- 
ple, testable. I have found empirical experimenting 
along these lines suggestive, but the series used are 
simply too short to yield results of any reliability. 


. (11) Yea = 
(12) AP, 
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Ay 
Sr ry aos a 
by Gy 
y= +d+8 + — Ax 
4 1+ by ile 


© + Ayi t (1 — A) Ynt 


In terms of AP, and yea, and letting 
m=0y/(1+8y), the solutions are: 


— 16 -+- a AXt + Ae, t—1 
ora 8 + (1 = T) AXt + wAXe— 
TN, AAV t1 


Let us review these solutions for internal 
consistency. Evidently, P, is normally dis- 
tributed about P,. The conditional vari- 
ance of P, will have the constant (as 
assumed) variance 1/(1+0y}s; Thus 
those features of the behavior of prices 
which were assumed “known” by suppliers 
in subsection Á are, in fact, true in this - 
economy. j 

To review, equations (11) and (12) are 
the equilibrium values of the inflation rate 
and real output (as a percentage deviation 
from trend). They give the intersection 
points of an aggregate demand schedule, 
shifted by changes in x, and an aggregate 
supply schedule shifted by variables 
(lagged prices) which determine expecta- 
tions. In order to avoid the introduction of 
an additional, spurious “expectations pa- 
rameter,” one cannot solve for this inter- 
section on a period-by-period basis; ac- 
cordingly, we have adopted a method 
which yields equilibrium “paths” of prices 
and output. Otherwise, the interpretation 
of (11) and (12) is entirely conventional. 

Not surprisingly, the solution values of 
inflation and the cyclical component of 
real output are indicated by (11) and (12) 
to be distributed lags of current and past 
changes in nominal output. A change in the 
nominal expansion rate, Ax, has an im- 
mediate effect on reäl output, and lagged 
effects which decay geometrically. The 
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‘immediate effect on prices is one minus the 
real output effect, with the remainder of 
the impact coming in the succeeding pe- 
riod. We note in particular that this lag 
pattern may well produce periods of simul- 
taneous inflation and below average real 
output. Though these periods arise be- 
cause of supply shifts, the shifts result 
from lagged perception of demand changes, 
_and not from autonomous changes in the 
cost structure of suppliers. 

In addition to these features, the model 
does indeed assert the existence of a nat- 
ural rate of output: the average rate of de- 


mand expansion, 6, appears.in (11) with a 


coefficient equal in magnitude to the co- 
efficient of the current rate, and with the 
opposite sign. Thus changes in the average 
- rate of nominal income growth will have no 
effect on average real output. On the other 
hand, unanticipated demand shifts do 
have output effects, with magnitude given 
by the parameter m. Since this effect de- 
pends on “fooling” suppliers (in the sense 
of subsection A), one expects that r will be 
larger the smaller the variance of the 
demand shifts. We next develop this im- 
plication explicitly. 

From the definition of m in terms of 0 
and y, and the definition of 6 in terms of 
g? and 7? we have 


Ty 
PPPU) 


Combining with the expression for e? ob- 
tained above, this gives 


O (1 = r)? + 21 $y) 


For fixed r? and y, then, r takes the value 
y/(1+y) at oz=0 and tends monotonically 
to zero as ø% tends to infinity. 

The prediction that the average devia- 
tion of output from trend, E(ye), is in- 
variant under demand policies is not, of 
course, subject to test: the deviations from 


(13) T 





JUNE 1973 


a fitted trend line must average to zero. 
Accorcingly, we must base tests of the 
natural rate hypothesis (in this context) 
on (12): a relationship between an ob- 
servab.e variance and a slope parameter. 


IJ. Test Results 


Testing the hypathesis advanced above 
involves two steps. First, within each 
county (11) and (12) should perform 
reasonably well. In particular, under the 
presumption that demand fluctuations are 
the major source of variation in AP; and 
Yet, the fits should be “good.” The esti- 
mated values of r and à should be between 
zero and one. Finally, since (11) and (12) 
involve five slope parameters but only two 
theoretical ones, the estimated + and À 
values obtained frem fitting (11) should 
work reasonably well in explaining varia- 
tions ir. AP,. 

The main object of this study, however, 
is not to “explain” output and price level 


movements within a given country, but 


rather to see whether the terms of the 
output-inflation “tradeoff” vary across 
countries in the way predicted by the nat- 
ural rate theory. For this purpose, we shall 
utilize the theoretical relationship (13) 
and the estimated values of m and o%. 
Under zhe assumption that 7? and Yy are 
relatively stable across countries, the esti- 
mated + values should decline as the sam- 
ple variance of Ax, increases. 

Descriptive statistics for the eighteen 
countries in the sample are given in Table 
1.8 As is evident, there is no association 


8 The raw data on real ‘and nominal GNP are from 
Yearbook af National Acccunts Statistics, where sèries 
from mar.} countries are collected and put on a uniform 
basis. The choice of countries is by no means random: 
the eighteen used are all the countries from which con- 
tinuous s2ries are available. The sample could thus be 
broadened considerably by use of sources from indi- 
vidual countries. To obtain the variables used in the 
tests, the /egs of real and nominal output, y; and xt, are 
logs of the series in the source. The log of. the price level, 
Pa is the difference te— ye Sea is the residual from the 
trend line +,.=a--5t, fit by least squares from the sample 
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TABLE 1—DESCRIPTIVE STATISTICS, 1952-67 











Mean Mean Variance Variance Variance 
SONANS AY; AP, Vet AP Ax, 
Argentina .026 .220 . 00096 .01998 .01555 
Austria 048 .038 .00104 .00113 .00124 
Belgium „034 .021 . 00075 . 00033 .00072 
Canada 043 .024 ,00109 .O0018 .00139 
Denmark 039 O41 "00082 .00038 . 00084. 
Wes: Germany .056 .026 .00147 .00026 .00073 
Guatemala 046 .004 .00111 .00079 .00096 
Honduras 044 O12 .00042 ` .00084 .00109 
Ireland 025 .038 .00139 . 00060 .00111 
Italy , .053 .032 .00022 . 00044 . 00040 
Netherlands 047 .036 .00055 .00043 .00101 
Norway .038 .034 .00092 . 00033 . 00098 
Pareguay 054 157 .00488 .03192 .03450 
Puerto Rico -058 .024 .00205 ,00021 .00077 
Sweden .039 .036 .00030 .00043 .00041 
United Kingdom .028 .034 .00022 .00037 .00014 
United States .036 O19 .00105 .00007 .00064 
Venezuela .060 O16 .00175 .00068 .00127 


between average real growth rates and 
average rates cf inflation: this fact seems 
to be consistent with both the conventional 
and natural rate views of the tradeoff. 
Since our interest is in comparing real out- 
put and price behavior under different time 
patterns of nominal income, these statistics 
are somewhat disappointing. Essentially 
two types of nominal income behavior are 
observed: the highly volatile and expansive 
policies of Argentina and Paraguay, and 
the relatively smooth and moderately ex- 
pansive policies of the remaining sixteen 
countries. But if the sample provides only 
two “points,” they are indeed - widely 
separated: the estimated variance of de- 
mand in the high inflation countries is on 
the order of 10 times that in the stable 
price countries. 

The first three columns of Table 2 sum- 
marize the performance of equation (11) 
in accounting for movements in Ya. The 
estimated values for r all lie between zero 
and one; with the exceptions of Argentina 





period. The moments given in Table 1 are maximum 
likelihood estimates based on these series. The estimates 
reported in Table 2 are by ordinary least squares. 


and Puerto Rico, so do the estimated À 
values. The R?s indicate that for many, or 
perhaps most countries, important out- 
put-determining variables have been omit- 
ted from the model. The k’s for tke infla- 
tion rate equation, (12), are given in 
column (4) of Table 2. In general, these 
tend to be lower than for equation (11), 
and not surprisingly the estimated co- 
efficients from (12) (which are not shown) 
tend to behave erratically. Columa (5) of 
Table 2 gives the fraction of the variance 
of AP, explained by (12) when the co- 
efficient estimates from (11) are imposed. 
(A “—” indicates a negative value.)® 
With respect to its performance as an 
intracountry model of income ard price 
determination, then, the system (11)-(12) 
passes the formal tests of significance. On 
the other hand, the goodness-of-fit- statis- 


? The loss of explanatory power when these coeff- 
cients are imposed on (12) can be assessed formally by 
an approximate Chi-square test. By this measure, the 
loss is significant at the .05 level for Paraguay only. As 
Table 2 shows, however, this test is somewhat decep- 
tive: for several countries the least squares estimates of 
(12) are so poor that there is little explanatory power to 
lose, and the test is “passed” vacuously. 
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TABLE 2—SuMMARY STATISTICS BY COUNTRY, 1953-67 


Country D f A 
Argentina O11 — 126 
(.070) (.258) 
Austria 319 703 
(. 179) (.209) 
Belgium , 502 741 
(. 100) (.093) 
Canada .759 .736 
. (.064) (.075) 
Denmark .571 .679 
(.118) (.110) 
West Germany .820 184 
(. 136) (, 410) 
Guatemala 674 695 
(.301) (.274) 
Honduras 287 414 
(. 152) (.250) 
Ireland .430 858 
(.121) (H11 
Italy .622 042 
os (. 134) (, 183) 
Netherlands 531 571 
(.111) (.149) 
Norway . 530 . 841 
(.088) (.096) 
Paraguay 022 742 
(.079) (.201) 
Puerto Rico .689 1.029 
(, 121) (.072) 
Sweden 287 584 
(. 166) (. 186) 
United Kingdom 665 178 
(.290) (. 209) 
United States .910 887 
(.086) (.070) 
Venezuela 514 „937 
(. 183) (.148) 


tics are generally considerably poorer than 
we have come to expect from annual time- 
series models. 


In contrast to these somewhat mixed re- . 


sults, the behavior of the estimated x 
’ values across countries is in striking con- 
formity with the natural rate hypothesis. 
For the sixteen stable price countries, # 
ranges from .287 to .910; for the two 
volatile price countries, this estimate is 
smaller by a factor of 10! To illustrate this 
order-of-magnitude effect more sharply, 
let us examine the complete results for two 


countries: the United States and Argen- . 


Ry Rap Rs 
O18 .929 914 
507 518 — 
87E A 661 
936 A18 — 
812 .498 282 
861 .130 — 
38€ .016 — 
274 521 358 
847 499 192 
746 934 914 
711 627 580 
893 633 427 
563 941 751 
939 419 — i 
525 .648 405 
394 | 266 115 
945 „571 464 
755 .425 — 


tina. For the United States, the fitted ver- 
sions of (11) and (12) are: 


ya = — .049 + (.910) Ax, + (.887) ye 1-1 
AP, = — .028 + (.119) Aa + (.758) Axtı 
— (637) Aye +1 
The comparable results for Argentina are: 
Yor = — .006 + (.011) Aa, — (126) Yet 
AP, = — .047 + (1.140) Ax, — (.083) Axı 
+ (102) Aye .—1 


In a szable price ccuntry like the United 
States, then, policies which increase nomi- 
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nal income tend to have a large initial 
effect on real output, together with a small, 
positive initial effect on the rate of infla- 
tion. Thus the apparent short-term trade- 
off is favorable, as long as it remains un- 
used. In contrast, in a volatile price 
country like Argentina, nominal income 
changes are associated with equal, con- 
temporaneous price movements with no 
discernible effect on real output. These 
results are, of course, inconsistent with the 
existence of even moderately stable Phillips 
curves. On the other hand, they follow 
directly from the view that inflation 
stimulates real output if, and only if, it 
succeeds in “fooling”? suppliers of labor 
and goods into thinking relative prices are 
moving in their favor. 


III. Concluding Remarks . 


The basic idea underlying the tests re- 
ported above is extremely simple, yet I am 
afraid it may have become obscured by the 
rather special model in which it is em- 
bodied. In this section, I shall try to re- 
state this idea in a way which, though not 
quite accurate enough to form the basis for 
econometric work, conveys its essential 
feature more directly. 

The propositions to be compared empiri- 
cally refer to the effects of aggregate de- 
mand policies which tend to move infla- 
tion rates and output (relative to trend) in 
the same direction, or alternatively, un- 
employment and inflation in opposite 
directions. The conventional Phillips curve 
account of this observed co-movement says 
that the terms of the tradeoff arise from 
relatively stable structural features of the 
economy, and are thus independent of the 
nature of the aggregate demand policy 
pursued. The alternative explanation of 
the same observed tradeoff is that the 
positive association of price changes and 
output arises because suppliers misinter- 
pret general price movements for relative 
price changes. It follows from this view, 
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first, that changes in average inflation 


rates will not increase average output, and 
secondly, that the higher the varzance in 


‘average prices, the less “favorable” will be 


the observed tradeoff. , ; 

The most natural cross-national com- 
parison of these propositions would seem 
to be a direct examination of the associa- 
tion of average inflation rates and average 
output, relative to “normal” or “full em- 
ployment.” Unfortunately, there seems to 
be no satisfactory way to measure normal 
output. The deviation-from-fitted-trend 
method I have used defines normal output 
to be average output. The use of unem- 
ployment series suffers from the same diff- 
culty, since one must somehow select the 
(obviously positive) rate to be denoted full 
employment. 

Thus although the issue revolves-around 


' the relation between means of inflation 


and output rates, it cannot be resolved by 
examination of sample averages. Fortu- 
nately, the existence of a stable tradeoff 
also implies a relationship between vari- 


-ances of inflation and output rates, as 


illustrated in Figure 1. With a stable 
tradeoff, policies which lead to wide varia- 
tion in prices must also induce comparable 
variation in real output. If these sample 
variances do not tend to move together 
(and, as Table 1 shows, they do not) one 


AP, 
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can only conclude that the tradeoff tends 
to fade away the more frequently it is 
used, or abused. 

This simple argument leads to a formal 
test if the output-inflation association is 
entirely contemporaneous. In fact, how- 
ever, it involves lagged effects which make 
a direct comparison of variances, as just 
suggested, difficult in ‘short time-series. 
- Accordingly, it has been necessary to im- 
pose a specific, simple structure on the 
data. As we have seen, this structure ac- 
counts for output and inflation rate move- 
ments only moderately well, but well 
enough to capture the main phenomenon 
predicted by the natural rate theory: the 
higher the variance of demand, the more 
unfavorable are the terms of the Phillips 
- tradeoff. 


\ 
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A Note on the Concept and Measure 
of Consumer's Surplus 


By MICHAEL E. Burns* 


In an important new book, E. J. Mishan 
is critical of statements made by promi- 
nent economists that have thrown doubt 
on the usefulness of the concept of con- 
sumer’s surplus. Mishan goes on to draw 
attention to the need for clarification of 
‘|. the concept itself, and the relation- 
ship between the concept and its measur- 
able proxy, the demand curve” (1971, pp. 
325-28). A fundamental obstacle to such 
clarification would appear to be a view 
quite generally held by economists, and 
formally stated by Paul Samuelson that 
‘.,.the Marshallian concept of -con- 
sumer’s surplus does not refer to any one 
thing, but to at least half a dozen inter- 
related expressions.’ Accordingly the ap- 
proach offered here begins with a reinter- 
pretation of the literature normally asso- 
ciated with the origins of the concept in 
question. 

There is general acknowledgement that 
J. Dupuit gave the first description (1844) 
of the notion that Alfred Marshall later 
referred to in 1920 as consumer’s surplus. 
What is generally forgotten is that Du- 
puit’s primary concern was the monetary 
evaluation of the benefits (or losses) 
associated with alternative price policies 
for a public good.” His famous but per- 
haps slightly ambiguous conclusion may be 


* I have benefitted from discussions with colleagues 
at The University of Western Australia, and from the 
valuable comments of the referees on an earlier draft of 
this paper. Needless to say, all remaining errors are my 
own responsibility. 

1See Samuelson (1947), pp. 197-202. Samuelson’s 
discussions here are based on an earlier paper (1942), 
where he considered in detail the question of the con- 
stancy of the marginal utility of income. 

i See Dupuit, in Readings in Welfare Economics, pp. 
253-83. 
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illustrated using the toll-bridge example; 
the consumer’s gain in utility brought 
about by the reduction in a toll should be 
measured in money terms by the area to 
the left of the demand curve (for the use 
of the bridge), between the old and new 
toll (price) levels.* His justification for the 
accuracy of this measure followed from 
two considerations. Firstly, his attempts 
at rationalization were influenced by con- 
siderations of services of an indivisible 
nature and led him to the plausible view 
that the monetary evaluation of the addi- 
tional utility obtained from the purchase 
of a good should be taken as “... that 
maximum sacrifice (in income) that each 
consumer would be prepared to make, in 
order to be able to make the purchase of 
the good.” Secondly, Dupuit believed 
that the magnitude of this sacrifice was 
exactly measured in terms of the areas to 
the left of the demand curve. Any faults in 
the justification of the suggested evalua- 
tion of the benefits concerned shculd not 
conceal the unique nature of the concept 
whose measure was being sought. 
Marshall’s contribution followed very 
similar lines, but with the important | 
qualification that the accuracy of the 
measure ‘what a consumer would pay, 
rather than go without’ required that the 
marginal utility of income be constant. 

3 See Dupuit, in Readings in Welfare Econemics, par- 
ticularly pp. 270-71. 

4 In the original version, Dupuit wrote “L’économie 
politique doit prendre pour mesure de Putilité d'un 
objet le sacrifice maximum que chaque consommateur 
serait disposé à faire pour se le procurer” (p. 40). 

5 See Marshall, p. 842. There is often some confusion 
between the marginal utility of income ard ‘that of 


money. In the text we are always referring to the former 
concept. Don Patinkin, (1956), p. 65, makes the distinc- 
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However it is interesting to reconsider 
Marshall’s introduction of the now familiar 
terminology, substituting the expression 
gain in utility for what Marshall referred 
to as a surplus of satisfaction: 
... [the consumer] derives from a pur- 
chase a surplus of satisfaction [gain in 
utility]. The excess of the price which he 
would be willing to pay rather than go 
without the thing, over that which he 
actually does pay, is the economic 
[money] measure of this surplus of satis- 
faction [gain in utility]. It may be called 
consumer’s surplus. [p. 124] 


It is perhaps signficant that J. R. Hicks, 
without explicitly making the substitu- 
tion of terms suggested above, concluded 
that “. .. the best way of looking at con- 
sumer’s surplus is to regard it as a means 
of expressing, in terms of money income, 
the gain which accrues to the consumer as 
a result of a price fall”? (1947, p. 40). 

The substantialagreement amongst these 
authors as to the precise nature of the con- 
cept they sought to measure provides a 
basis for the treatment given in this paper. 
Accordirgly, in Section I it is shown that 
for an individual the “income equivalent” 
of a utility change effected by a ceteris 
paribus price change is in exact agreement 
with Dupuit’s original measure. In Section 
II, I reconsider two of the alternative ex- 
pressions that have been offered as mea- 
sures of the income equivalent of such a 
utility change. Fresh insight is given into 
the approximations that are implicit in 
these expressions. Finally, in Section ITI, 
the basic results are extended in a number 
of directions. Questions concerning the 
market demand curve, the meaning of 
areas to the left of the demand curve and 
the possibility of evaluating utility changes 
effected by changes in more than one vari- 
able are all examined in some detail. 


tion between the two terms quite clear, as does Samuel- 
son (1947), p. 190. 
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I, The Income Equivalent of a 
Utility Change 

Before we undertake the formal deriva- 
tion, some insight can be obtained by con- 
siderirg a simple illustrative example. 
Suppose quite generally that some of the 
conditions facing a utility maximizing con- 
sumer are altered, so that the consumer 
moves to a new equilibrium position, un- 
dergoing a change in the level of his total 
utility. Suppose further that the changes 


in each of the variables concerned are 


sufficiently small for the marginal utility of 
income to be treated as constant through- 
out the movement. Given any such change 
in utility, and the relevant value of the 
marginal utility of income, there must exist 
a sum of money (an income equivalent) 
that sétisfies the relationship 


(Change in Utility) 
(1) = (marginal utility of income) 
X (income equivalent) 


Given that the marginal utility of in- 
come cannot be constant everywhere, we 
may thus note that equal utility changes 
between different pairs of situations would 
generaly be expected to yield different 
income equivalents. 

Let us now consider the position 
of a utility-maximizing consumer, whose 
(ordinel) utility function is described by 


(2) U = flar... an) 


the properties of the function being such 
as enable any small change in utility to be 
stated as | 


n § 
(3) dU = >> Dh 
ix] ON; 


Before any changes take place, the 
revenue apportioned to the zth good is 


(4) R: = fixi (meseh) 


so that any small change in this apportion- 
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ment may be described by 
(5) dR; = pidx; a eid pi (i E n) 


Rewriting (5) in terms of dx; and sub- 
stituting into (3) yields 


E 0 
(6) dU = 2 (=. / ») (dR; — «id pi) 
i=} \O%; 
However, the condition of utility maxi- 
mization requires that | 


ey ear | 
7) —/ p= / p= 
(7) A ba p; 


= (marginal utility of income) 
(i j=1... n) 
so that (6) reduces to 


G atsi Ukeni 


i=l] 


= (av -5 zap) 

i=1 
By comparing (8) with the considera- 
tions that led to (1), it is clear that the 
bracketed term (dY — J7., x,d,) can only 
be the exact income equivalent of a small 
utility change, as effected by a completely 
general set of changes in the parameters 
facing the consumer. Before we leave the 
general case for the time being, we should 
note a powerful result concerning changes 
that do not affect the individual’s utility 
level. Since A will not normally take the 

value zero, the statement 


(9) dU = 0 = (av E > zdp) 
i=1 

provides concise information concerning 
movements along an indifference curve. 

If the circumstances that bring about 
the utility change are of a restricted form, 
further simplifications of (8) are possible. 
Thus, if only income changes, all prices 
remaining constant, it follows from (8) 
that the income equivalent of the resulting 
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change in utility is simply the change in 
income itself. Turning to utility caanges 
brought about within the particular frame- 
work of a celeris paribus change in the 
price of the ith good, we see that (8) 
reduces to | 


(10) du = \(—a.dp,) 


Thus the income equivalent in this in- 
stance is the area to the left of the demand 
curve between the old and new price levels, 
a measure in agreement with that origi- 
nally suggested by Dupuit. As we would 
expect, (10) tells us that an increase in 


= price yields a negative income equivalent 


whereas a price fall provides a fositive 
income equivalent consistent with a gain 
in utility. We may note that in the trivial 
case of a constant marginal utility of in- 
come, there is a direct numerical relation- 
ship between utility and areas to the left 
of the demand curve. 

The question remains as to whether we 
may meaningfully evaluate the income 
equivalent of a large change in utility 
brought about by a greater price change 
than the one previously considered. Had 
the change in utility been brought about 
solely by a large change in income, no 
conceptual difficulty would arise from 
treating this income change as the sum of a 
series of continuous small changes. Bear- 
ing in mind that the income equivalent of a 
utility change effected by a small change in 
income is that change in income itself, we 
see that the sum of the income equivalents 
provides a monetary evaluation of benefits 
received that is in agreement with the 
actual change in income experienced. This 
would suggest that in so far as it is useful 
to talk of an individual being (say) N 
dollars better off as the result of a large 
change in income, so may we sum the in- 
come equivalents of utility changes ef- 
fected by a series of continuous small price 
changes and conclude, if such a sum should 
also equal .V dollars, that the individual is 
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N dollars better off as a result of the total 
price change. 


On the basis that we regard the income 


equivalent of a large celerts paribus price 
change as the sum of the income equiv- 
alents obtained by considering continuous 
small price changes, we may note that this 

- concept is measured exactly by the area 
to the left of the demand curve, between 
the old and new price levels. 


II. The Nature of the Compensating 
and Equivalent Variations 


As stated earlier, a number of alterna- 
tive expressions have been offered as 
measures of the ‘income equivalent’ of a 
utility change effected by a ceteris paribus 
price change. We shall consider two par- 
ticular proxies that have received a good 
deal of attention in the literature, but at 
-the same time we may note that any of 
the other proxies suggested could be sub- 
mitted to a similar treatment. In both 
cases we shall limit ourselves to working 
through the result of a price fall for a nor- 
mal good, although the expressions them- 
selves apply equally to a price increase or 
decrease for any type of.good. 

Hicks originally appeared to believe 
that the desired income equivalent was 
equal to the sum of money (income) to be 
paid by a consumer when a price falls 
(received by him when a price rises), that 
would leave his general level of welfare 
unchanged. Hicks called this the com- 
pensating variation definition of consumer’s 
surplus, but following a comment by Hen- 
derson he recognized the approximation 
implicit in this measure and agreed that 
some account should be taken of an alter- 
native. measure, one that he chose to call 
the equivalent variation definition of consu- 
mer’s surplus. For this concept we ask, 
what income would a consumer have to re- 


§ See Hicks, pp. 40-41. The whole discussion in this 
paragraph should also be related to what Hicks has to 
say later, pp. 330-32. 
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ceive {ollowing a price fall (forego follow- 


ing a price rise) in order to be as well off at 


the cld prices as he would be with his 
initial income at the new prices. 

We may illustrate both of these con- 
cepts in Figure 1. Quantities of the zth 
good are measured horizontally along OX,, 
while income (all cther goods at constant 
prices) is measured on the vertical axis 
OY. With a fixed income F, the budget 
constraint is given initially by YoP:, and 
after the fall in the price of the 7th good, 
by F:P:. The indifference curves J; and I, 
show tae utility levels that are optimal and 
feasible at the old and new price levels, 
respectively. 





FIGURE i 


Faced with the initial prices the in- 
dividual would select position A and con- 
sume Cg, units of the 7th good. With the 
fall in price the individual would move to 
B wher2 he consumes Og units of the good. 
What is required is the income equivalent 
of the utility change involved in the move- 
ment om A to B brought about by the 
price change. First we notice that the 
consumer could forego (Yo—¥i) of his 
income and still be as well off with the new 


ee ree 
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prices as he was in the initial situation. 
The sum (Y — Y;) thus provides the com- 
pensating variation proxy that we de- 
scribed above. Then again we can see that 
the consumer would need to have a total 
income of F> to be as well off with the old 
prices as he would have been with the 
initial income and the new prices. The sum 
(Y:— Yo) is the equivalent variation mea- 
sure that Hicks proposed. Both these ex- 
pressions clearly describe an income equiv- 
alent of the utility difference between the 
indifference curves J; and Jy. Equally 
clearly the expressions are generally un- 
equal, and a very brief consideration will 
show that neither expression describes the 
income equivalent of the utility change due 
to the price fall. 

The key to the discrepancy is simply 
that any evaluation of the income equiv- 
alent of a given utility change will depend 
upon the value of the marginal utility of 
income along the path on which the 
evaluation takes place. Our assumption 
that the ¿th good is normal yields precise 
information as to the relevant values of the 
marginal utility of income, in particular 
that it will be greater at C than at either 
A or B whereas it must be less at D than at 
either of these terminal positions.’ Thus 
the compensating variation will obtain the 
income equivalent of the utility difference 


between J, and J; taking into account the. 


relatively high values of the marginal 
utility of income along the path (dotted) 
CB, while at the other extreme the equiva- 
lent variation will obtain an accordingly 
greater income equivalent of the same util- 
ity difference because of the lower values 
of the marginal utility of income of the 
path (dotted) AD. 

Thus we can straightforwardly see why 
the expressions considered will generally 


7 To obtain these results it is only needed to notice 
that income is defined as “all other goods at constant 
prices,” and that the marginal utility of income is given 
by the marginal utility of any good divided by its price. 
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take different values, and can only te ap- 


` proximations to the income equivalent of a 


utility gain associated with a price fall, 
which would be evaluated over the -riter- 
mediate path AB. The magnitude cf the 
differences between the compensating and 
the equivalent variations can easiy be 
determined. Referring again to Figure 1, 
since the level of income is the sarne at 
both initial and final situations the sum 
of the income adjustments must equal 
zero along any path of adjustment be- 
tween A and B that we may care tc con- 
sider. Suppose we had undergone a series 
of price and income changes that first took 
us along the indifference curve J; from A 
to C, and then adjusted from C to B by 
income changes only. From equaticn (9) 
we see that the magnitude ofthe ircome 
changes along J; must be given by the 
integral /x.dp,, evaluated over AC. This 
magnitude must equal that of the sum of 
the income adjustments from C žo B, 
which is of course the compensating varia- 
tion. A similar argument can be used to 
show that the equivalent variation will 
take the value of the integral /x,d#,, 
evaluated along the indifference curve J; 
over the path DB. Since the price changes 
are the same in both integrals, it is the 
values of the x; over the paths considered 
that determine relative magnitudes. Thus 
for vertically parallel indifference curves 
the expressions are equal. It also follows 
from these considerations that the differ- 
ence between the expressions vanishes as 
the size of the total price change ap- 
proaches zero. 


III. Some Extensions of the Analysis 


We have so far paid particular attention 
to the result that, for an individual, the 
income equivalent of a utility chanze ef- 
fected by a ceteris paribus price caange 
may be exactly measured by the area to 
the left of the relevant demand curve, be- 
tween the initial and final price levels. 
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This is a useful result, and amongst other 
things enables an appropriate interpreta- 
tion to be made of the “Marshallian Tri- 
angle” that has received so much atten- 
tion in the literature. Specifically we note 
that such areas do not refer to a utility 
gain achieved solely through the additional 
consumption of a specific good, and further 
that the ceteris paribus condition precludes 
the straightforward addition of such arezs 
associated with different goods. However, 
treatment of the effects of a single price 
change on an individual represent a very 
limited application of our earlier analysis, 
and some more general results can easily 
be obtained. As we stated above, the result 


(8) dU =X (av = nds) 


i=l 


enables us to determine, for an individual, 
the income equivalent of a utility change 
associated with a completely general set 
of simultaneous small changes in prices and 
income. Again, it is clear from the form of 
(8), that market observations of income, 
price, and quantity will straightforwardly 
yield the net sum of the income equivalent 
of each individual’s utility differences ef- 
fected by any such changes as we may care 
to consider.® Noting that these aggregate 
measures may always be obtained, it is 
instructive to continue for the time being 
with analysis at the individual level.’ 
Returning to the general result (8), cau- 
tion must be exercised in the treatment of 
greater than incremental changes. For ex- 
ample, suppose that we wish to compare an 
initial situation A and a final situation B 


è There is broad agreement between this paper and a 
recent article by Arnold Harberger, who notes a similar 
result (1971), p. 789. However, the general approaches 
adopted are quite different. 


°? There are certain problems relating to the use.of 


aggregate measures, and whenever we refer to such 
measures the reader should bear in mind certain neces- 
sary qualifications. For a discussion of these matters, 
see David Winch (1965), (particularly pp. 406-07). 
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characterized by substantially different 
price and income levels. It follows immedi- 
ately from consideration of (8) that we 
have a necessary and sufficient condition 
for B to be preferred to A. This is that there 
should exist at least one path of small con- 
tinuous price and income adjustments 
from A to B that yields a nonnegative 
sequence of incremental income equiva- 
lents, at least one element being positive. 
However our primary concern is to obtain 
a useful monetary evaluation of the utility 
difference betweer. alternative situations, 
and the question we need to consider when 
we are dealing with large multiple price 
and income changes is how far we may 
still regard such an evaluation as being 
measured by the sum of successive incre- 
mental income equivalents. The complica- 
tion that arises in such a case is that by 
allowing more than one variable to change 
we are admitting the possibility of an 
infinite number of adjustment paths be- 
tween any two terminal situations. Since 
the marginal utility of income may take 
quite a different range of values along each 
different adjustment path, so will the sum 
of the income equivalents take on differ- 
ent magnitudes depending upon the pre- 
cise path taken between the situations con- 
cerned. The unique determination of the 
income equivalent of a utility change ef- 
fected by a large ceteris paribus price 
change is thus possible simply because 
such a framework defines a unique ad- 
justment path.” 

This path-dependence was first con- 
sidered by H. Hotelling in 1938 and is the 
subject of a more recent and very thorough 
study by Eugene Silberberg (1972)." It 


10 The reader should note, following equation (9), 
that this “path-dependence”’ only applies when the 
level of utility changes. Any movements along an in- 
difference curve or surface must have a zero income 
equivalent, although if one leaves an indifference curve, 
and then returns to it, there is of course no reason why 
the same result should hold. 

4 Had more attention been paid to Hotelling’s dis- 


VOL. 63 NO. 3 


requires that we recognize the impossibil- 
ity of associating a unique evaluation in 
money terms with the utility difference 
between any two situations. This is not 
to say that some evaluations of the income 
equivalent of a particular utility change 
are not a great deal more interesting than 
others. Indeed, with reference to Figure 1, 
consider any adjustments that would take 
us along the indifference curve J, from A 
to C and then from C to B solely as a re- 
sult of income changes. The income equiv- 
- alent evaluated along such a path would 
exactly ecual Hicks’ compensating varia- 
tion.” An alternative path (AD by income 
changes, DB along J,) would yield an in- 
come equivalent equal to the eguivalent 
variation. Knowledge of the magnitude of 
these expressions could be useful for at 
least three reasons: 


(i) for an individual, the sign of both 
these meastires must be in agreement with 
the sign oi the utility change concerned; 


(ii) at the aggregate level, the sum 
of either of the individual compensating 
or equivalent variations will yield in- 
formation as to whether compensations 
could be paid that would enable at least 
one individual to be made better off while 
leaving nobody worse off, although such 
information will sometimes be ambigu- 
ous 338 


(iii) the Hicksian expressions can be 
regarded as providing sensible upper and 
lower limiting values of a monetary eval- 


cussion of the matter (see particularly ‘pp. 246-47), 
much of the confusion in the later literature might have 
been avoided. My own work was originally prepared in 
ignorance of Silberberg’ s paper and, although our ap- 
proaches are quite different, certain similar conclusions 
are drawn. ` 


2 The adjustments along an indifference curve, yield- . 


ing a zero utility change, must have a zero income 
equivalent. This also follows from result (9). 

3 It is quite possible for the sums of the individual 
compensating and equivalent variations to take differ- 
ent signs, given that there are both price falls and price 
rises. 
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uation as the (net) benefits or losses in- 
volved. 


Consider now an income equivalent 
taken over a path of adjustment suck. that 
its value obtained is intermediate between 
the compensating and equivalent varja- 
tions. The first criterion of usefuln2ss is 
straightforwardly satisfied. In the second 
case our intermediate income equivalent 
would not be significantly different from 
zero in the ambiguous case, but could 
otherwise be generally expected to provide 
accurate information as to whether the 
stated compensations were possibl2. In 
the final case, the usefulness of having 
upper and lower limits would be relazed to 
the magnitude of the difference be-ween 
the limits. In the substantial major-ty of 
cases where the marginal utility of income 
will not vary greatly over the range of the 
changes considered, the difference will be 
small and accordingly the intermediate 
income equivalent may be treated as a 
useful approximation to the desired mone- 
tary evaluation. 

It remains to be noted that although 
neither of the Hicksian measures can be 
determined with any certainty in the ag- 
gregate form, it isa straightforward matter 
to determine the value of the (aggregate) 
Income equivalent of a utility change 
evaluated along any adjustment path that 
might be okserved or predicted ta take 
place. Given the further point that for 
each individual most “actual” adjuszment 
paths will be more direct than those that 
would yield the compensating or equiva- 
lent variations, we have every reason to 
expect that actual measures of tke ag- 
gregate income equivalent would generally 
take values intermediate between the de- 
sired limiting expressions. 


4 The two expressions may be regarded as evalua- 
tions of a fixed utility difference, taking into iccount 
the different (utility) purchasing power of money at ttis 
initial and final situations. 
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FIGURE 2 


Having established reasons for our in- 
terest in the income equivalent of a utility 
change effected by a large change in more 
than one variable, it is only left for us to 
demonstrate the application of the anal- 
ysis with a specific example. Suppose that 
the prices of the 7th and jth goods change, 
income and all other prices held constant, 
so that (8) may be written 


(11) dU = \(—a.dp; — xjdp;) 


We illustrate the possible effects of a 
series of price changes of this type in 
Figure 2. Let ApBo and Roso be the de- 
mand curves for the ith and jth goods, 
respectively, given the initial prices O,C, 
and O;To. If the prices change to O;C; and 
O;T,, both demand curves will shift and 
we have taken the case where they both 
move to the right, ApBo to 4ıBı and Roso 
to R51. If we view these movements as 
the sum of many small movements along 
linear paths between Dy and D, and be- 
tween Us and U,, respectively, the income 
equivalent of the change in total utility 
effected by these price changes is given by 


the sum of the two shaded areas CoCiD,Dy 


and 2o7i:U,t/). We can immediately see 
that tor most practical purposes the vari- 
ability of the income equivalent accord- 
ing to the path chosen is not going to be 
of amy significant dimension. Indeed the 
normal processes of data observation or of 
prediction of the relevant price and 
quancity values will usually incorporate 
measurement errors far greater than the 
differ2nce between the evaluations of the 


‘income equivalent taken along separate 


paths of price adjustment. 
Noting that path-dependence is usually 


of greater theoretical than practical im- 
' portance, it is useful to consider briefly 


the evaluation of the income equivalent 
effected by changes that include a change 
in income itself. If income and the price 
of only the ¿th good are allowed to vary, 


(8) yields - 

(12) dU = A(dY — xidp:) 

whick states that the income equivalent is 
the resulting sum of the change in income 


15 Most evaluations will lie between the Hicksian 
expressions, the difference between these latter terms 
being approximately Zdxdp for small changes. 
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` itself, and an area that may be obtained by 
a treatment analogous to that used in the 
previous example. However, our interest 
in this case concerns the inclusion of the 
income change term. Suppose that in- 
stead of using the traditional model of 
consumer behavior where income is treated 
as an exogenous variable, we wished to 
allow an individual to substitute income 
for leisure. We might allow for this by 
writing the individual’s utility function as 


and by defining income as 
(14) Y = (A — Ljw 


where A is the maximum possible time 
that may be allocated to the pursuit of 
income within the period considered, and 
w is the income forgone for an additional 
unit of leisure. To simplify the analysis, 
w as well as A may be treated as a con- 


stant. The reader may easily confirm 


that using this formulation the general 
result, equivalent of (8), is 


dU = ( 5 pi zdp) 


i=l 


(15) 


providing that income can only be changed 
by planned substitution between income 
and leisure. This result suggests that we 
should if possible distinguish between 
what we might call planned and unplanned 
variations in income, and only incorporate 
income changes of the second type into 
the evaluation of the income equivalent 
expression. As with the original model, no 
dificulty is presented in obtaining ag- 
gregate results, although the earlier cau- 
tionary comments still apply. 


IY. Concluding Comments 


In concluding our discussions of some 
of the applications and limitations of 
analysis based on the concept of con- 
sumer’s surplus, it is appropriate to re- 
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mind the reader of two points, First, for 
reasons stated earlier, we have dwelt very 
little on some of the problems associated 
with the aggregation of our results. Sec- 
ondly, although we have talked of ag- 
gregate benefits or losses, these have only 
been considered in respect of consump- 
tion behavior and have ignored the shadow 
concept of producer’s surplus. We have 
done this to avoid repeating much that 
has appeared in the literature before, but 
our position concerning the second point 
should be quite clear. Any analysis of the 
type presented here, if used to evaluate 
benefits or losses accruing to the com- 
munity as a whole, must incorporate the 
appropriate producer’s surplus effects, 
and this latter concept should be treated 
with similar caution to that exercised in 
respect of our treatment of consumer’s 
surplus.” 

Notwithstanding these comments we 
would summarize the strong conclusions 
that can be drawn from this paper. The 
income equivalent of a utility change ef- 
fected either by a ceteris partbus price 
change, or by small multiple price and in- 
come changes, is an entirely valid con- 
struct and may be measured accurately 
from observations of price, income, and 
quantity. The income équivalent of a 
utility change effected by large multiple 
price and income changes is a useful con- 
struct, and may also be measured accu- 
rately from observable data. Providing 
economists understand the concepts in- 
volved and the limitations and restrictions 


18 The recent 1971 survey article by J. M. Currie et al, 
provides a comprehensive summary of the relevant liter- 
ature. 

4 The inclusion of producer’s surplus effects may well 
reduce the importance of path-dependency, since its 
influence will often be counteracted between the two 
“surplus” measures. To illustrate this, consider the 
imposition of a sales tax on a particular good. Alterna- 
tive adjustment paths can be generated by considering 
simultaneous variations in income, noting that an in- 
crease in income will generally shift the demand curve 
to the right and the supply curve to the left. 
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implicit in their use, the notions of con- 
sumer’s and producer’s surplus have a 
‘wide range of useful and illuminating ap- 
plications in the fields of economic anal- 
ysis and policy. | 
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Monetary and Fiscal Policy in a Two- 
Sector Aggregative Model 


By DALE W. HENDERSON AND THOMAS J. SARGENT* 


This paper analyzes the short-term in- 
fluences exerted by monetary and fiscal 
policies in a two-sector macroeconomic 
model. The model is not new, but is iden- 
tical with Hirofumi Uzawa’s two-sector 
model, except that we have added markets 
in stocks of three paper assets, money, 
bonds, and equities. Adding these three 
markets produces essentially the same 
model used by Duncan Foley and Miguel 
Sidrauski to.describe long-run behavior, 
given certain government policies. While 
the model studied here is virtually indis- 
tinguishakle from theirs, we use the model 
to investigate very different questions. 
Our method of analysis is best charac- 
terized as “Keynesian” in two important 
senses. First, we analyze events over the 
“short run,” a period of time so short that 
it is legitimate to assume that capital is 
fixed, even in the face of a nonzero rate of 
net investment. Where time is viewed as 


passing continuously, as it shall be here, - 


this definition means that short-run oc- 
currences are those that are assumed to 
take place at a point in time. Second, for 
the most part we assume that the money 
wage rate is rigid at any moment, the kind 
of assumption that it is necessary to make 
in order to build a model in which un- 
employment is possible, and in which it is 
interesting to investigate the short-run 
effects on employment and output of al- 


` * Member of the staff of the Board of Governors of 


the Federal Reserve System and member of the depart- 
ment of economics of the University of Minnesota, 
respectively. Sargent’s work on this paper was partially 
supported by the Federal Reserve Bank of Minneapolis. 
The Federal Reserve System is in no way responsible 
for the conclusions of this paper. 
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ternative monetary and fiscal policies. We 
assume only that the money wage rate is 
fixed at a point in time, which is com- 
patible with having the money wage 
change over time, as long as it does so 
continuously. The money wage might well 
respond to the imposition of disturbances 
on the economy; our assumption permits 
such adjustments to occur over time, but 
rules out any instantaneous adjustments 
in money wages. 

An important characteristic of the model 
is that it includes a perfect market in 
existing stocks of physical capital, a 
market in which there are no transactions 
costs either for buyers or sellers of capital.! 
By buying or selling capital in this market, 
individual firms are able to obtain instan- 
taneously the quantities of capital they de- 
sire to hold at each moment. Monetary 
and fiscal policies work by introducing 
disturbances in this market, disturbances 


that ultimately affect the prices of capital oe 


goods and -consumption goods, thereby. 
affecting the number of workers firms 
want to employ at a fixed money wage. 


Thus, in our model, the market in existing ' f 
stocks of physical capital occupies a,” 
critical role in transmitting monetary and 


fiscal policy influences. In contrast, the 
standard Keynesian model assumes no mar- 
ket in existing physical capital, presum- 
ably because of very high transactions 
costs. Such an assumption rationalizes 
the Keynesian flow investment demand 
function and makes the demand func- 


1 By transactions costs we mean a complete measure 
of the costs of transacting, including brokerage fees, 
bid-ask price spreads, search costs, dismantling and 
installation costs, etc. 


+ 
r 


————— 
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tions for current output critical determi- 
nants cf output.? ; 

In our model, monetary policy is gen- 
erally extremely potent in affecting out- 
put and employment. Of course, mone- 
tary policy also has important effects on 
` these same variables under some sets of 
assumptions in the standard Keynesian 
model. However, in contrast with the 
Keynesian model, our model implies 
that ar increase in the flow of govern- 
ment expenditures may either increase 
or reduce output and employment, de- 
pending upon the relative capital intensi- 
ties of the two sectors and some other 
conditions. Moreover, whatever their di- 
rection, the effects of an increase in 
government expenditures are smaller the 
more similar are the capital intensities 
of the two sectors. Basically our model is 
an extension of James Tobin’s Dynamic 
Aggregative Model, one that collapses to 
a version of Tobin’s model when the pro- 
duction functions in the two sectors are 
assumed to be identical. When the pro- 
duction functions are identical, variations 
in government expenditures and in ‘“au- 
tonomous” consumption have no effects 
on output and employment at a point in 
time, just as is true in Tobin’s model. The 
“monetarist” implications of our model 
are ultimately attributable to the pres- 
ence of the market in existing capital. 

Secticn I contains a description of the 
behavior of firms, households, and the 
government. Section II describes the 
properties of the model, while our con- 
clusions are presented in Section III. 


? It seems clear that the formal. model described by 
J. M. Keynes in the General Theory contains a market in 
existing stocks of capital goods. His discussions of the 
marginal efficiency of capital and the stock market 
(chs. 11 and 12) make this clear. The fact that the 
standard Keynesian model rules out trading in existing 
stocks of capital is perhaps the key departure that the 
Keynesians made from the formal model of the General 
Theory. For a discussion that attempts to highlight the 
important implications of what characteristics are 
assigned to the market in existing capital, see Sargent 
and Wallace. l 
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I. Description of Firms, Households, 
and the Government 


Firms 


Firms in sector 1 use capital and labor 


to produce capital goods, those in sector 2 


use the same kinds of capital and labor to 
produce consumer goods. Individual firms 
within each sector are faced with identical 
production functions. The price of capital 
goods is ~:~, while the price of consumer 
goods is $. Firms in both sectors are as- 
sumed to hire the amounts of capital and 
labor that maximize their profits at each 
moment. At each moment they can hire 
all the labor they want at the fixed money 
wage w, and they can purchase or sell all 
the capital they wish to at the price of 
capital, o,f (alternatively, we might just 
as wel assume that firms can rent all the 
capital they wish at an appropriate rental). 
Firms are assumed to issue no bonds, 
financing capital expansion by issuing 
equities. However, we shall assume that 
when their yields are equal, government 
bonds and equities are perfect substitutes 
as far as wealth-holders are concerned, so 
that in equilibrium the nominal yield on 
equities must equal the nominal yield on 
government bonds, r. This assumption 
implies that r is the appropriate discount 
rate to be used in calculating the firm’s 
present value; equivalently, r is the 
market interest rate that belongs in the 
cost o- capital used to calculate the firm’s 
profits. Firms are assumed to retain no 


3Qur assumption that firms issue no bonds is not 
restrictive. For as Franco Modigliani and Merton 
Miller have shown, the pertinent cost of capital is the 
yield an equities for firms which have no bonds out- 
standing. Moreover, even if firms were permitted to 
have bonds outstanding, our assumption that wealth- 
holders regard bonds and equities as perfect substitutes 
would guarantee that the yield on a firm’s equities 
would not depend on the volume of bonds it has out- 
standing. See Modigliani and Miller, in particular their 
“proposition IT.” | 

s See Dale Jorgenson for a demonstration of the 
equivalence of profit maximization and present value 
maximization, given a properly defined cost of capital. 
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earnings, paying out all profits in the form 
of dividends. . 

Outputs in sectors 1 and 2, Fı and Fs, 
respectively, are determined by the pro- 


duction functions 
(1) Yı = ¥,(K,, ™1) 
(2) Yo = Y2(Ka, N oa) 


where N; is employment in the ith sector 
and K; is capital in the zth sector. We as- 
sume that each production function is 
linearly homogeneous in K; and N; and 
has positive though diminishing marginal 
products, and positive cross-partial de- 
rivatives, l.e., FY:x>0, Vix >Q, VY inn <Q, 
Vier <0, Vixn >0, where F;y is the mar- 
ginal product of labor in sector i, etc. 

We assume that capital depreciates ex- 
ponentially at the same rate ô in both 
sectors. Households and firms in both 
sectors expect that both the money wage, 
w, and the prices of consumer and capital 
goods will rise at the rate 7, a magnitude 
that we treat as a parameter in the exer- 
cises below.® The government is assumed 
to levy a “profits” tax on each firm’s net 
cash flow. The latter exceeds economic 
profits by the real yield on equities, r—7, 
multiplied by the value of the firm’s 
capital. The marginal profits tax rate is ¢x. 

On these assumptions, the after-tax 
profits of the typical firm in sector 1, the 
capital goods sector, are® 


5 It is necessary to treat + as a parameter at any 
moment in order to close the model. Otherwise the 
model would possess fewer equations than variables it 
must determine at a point in time. See Neil Wallace. 

6 Itis easy to verify that maximizing profits so defined 
is equivalent to maximizing the firm’s present value, 


V(Ki, Ni, É, t) 
=f ea- laO ria, MO) 
— wN (A — pips. H] 
— pp NKÀ} de 


where w(t) and p(¢) are assumed to be expected to follow 
the paths ' 


w(t) = wer 


b(t) = per 


i : ay 
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ia % i 
Da= pp Y Ka N) -wN (r uss 
—tx pip Yi(K,, N) —wNi— êp pK] 
Rearranging the first-order conditions for 
profit maximization, we obtain 
wW 


(3) Yw = — 
1N pip 





(4) Yix = + (r — x) 


1 — tx 
After-tax profits in sector 2 are 
Yio= p¥ (Ko, No) —wNo—(r+5—7) pK 
—tx | pV 2(Ke, Ns) -—wN.—5pipK 2] 


Upon rearranging the first-order concitions 
for profit maximization, we obtain 


wW 


(5) Yw =— 
2N b 





— e=] 


6) Vax = pilt 
1 — tx 


Equations (1) through (6) are assumed to 
hold at each moment in time, any viola- 


tions of the equations being eliminated 


immediately by firms’ trading in the 
markets for capital and labor. 

Generally, we will take advantage of the 
linear homogeneity of (1) and (2) and 
write them in the intensive form 


Y; y (= 1) filkd 
N: í N: tive 
where 
ky = = 
N; 


In this notation, the marginal products of 
labor and capital are Fin = f:(k:i)— kifi (ki) 
and Fix=fi(k:). Substituting these ex- 
pressions for the marginal products in 
equations (3) through (6) yields the form 
of the equations that it will be convenient 
to manipulate in Section IT. 
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The description of the factor markets is 
completed by noting that the total supply 
of capital, K, is fixed at a point in time. 
The assumptions that Vie and Vox are 
greater than zero, that there is a perfect 
market in existing capital, and that p, ?, 
and r are flexible instantaneously imply 
that capital is fully employed at each 
moment, 


(7) K =K +K: 


However, the fact that the money wage 
is fixed means that labor need not be fully 
employed. 

Notice that since households view bonds 
and equities as perfect substitutes, the 
value of equities issued by the capital 
goods industry, Vi, is the capitalized 
value of dividends, the appropriate cap- 
italization rate being the bond rate, r, 
minus the anticipated rate of inflation: 


_ (1 — tx) (ppi li — wN: — pp Kı) 


T e 


Vi 


which, by the first-order conditions for 
profit maximization and the linear homo- 
geneity of the production function, equals 
pip Kı. Similarly, the value of outstand- 
ing equities issued by the consumer goods 
industry, V2, equals pip Ka. 


The Government 


As liabilities the government has out- 
standing stocks of money with nominal 
value M and variable-interest-rate govern- 
ment bonds with nominal value B. The 
bonds are like savings deposits, their 
value remaining fixed in the face of fluc- 
tuations in the interest rate. The nominal 
yield on money is fixed at zero, while the 
nominal yield on bonds, r, is determined 
in the market. At a point in time the 
government conducts open-market opera- 
tions subject to the constraint dM = —dB. 

The government levies an income tax 
with marginal rate ży and a profits tax 
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with marginal rate tx. The base for the 
incorne tax is personal income, which con- 


‘sists of wage returns to labor, dividends, 


and nominal capital gains on equity. In 
real terms, laborers receive (w/p) (N, 
+WN2), while stockholders receive in div- 
idends 


(1 — tx) (a: = ~ = ip:K:) 


+ (1 — tx) (r: = TM — SK) 


which, by the first-order conditions for 
profit maximization and the linear homo- 
geneity of the production functions, equals 
(y—a)p,K. Nominal capital gains on 
equities are expected to occur at the rate 
mpıp K. Thus, individuals expect to be 
payirg income tax at the real rate 


Ty = tr| = N+ (r — PK + bik | 


where N =N; 4N.. Notice that the after- 


tax real 
(1— tyrr. 
Real revenues from the profits tax are 


yield on equities equals 


w 
Tg = a| PAY = Fa e apk: | 


w 
+ te | Ya- r” $s A 


whick, by the first-order conditions for 
proñt maximization and the linear homo- 
geneity of Y, and F;, equals (tx/(1—¢x)) 
(r —r) pK , 

In real terms, total tax receipts net of 
transfer payments are given by T= To 
+Ty+Tg where To represents real tax 
receipts net of transfer payments that do 
not depend on personal income or business 
profits.” Ea 

Total real government expenditures 


7 Notice that there is a double tax on dividends. 
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denominated in units of consumer goods, 
G, are composed of real expenditures on 


capital goods, figi, and. real expenditures _ 


on consumer goods, g» We will assume 
that if gı exceeds zero, the government 
simply stores or destroys the capital it is 
purchasing, neither renting it to private 
firms nor using it in production itself. 

The government makes its expenditure 
decisions subject to the flow budget con- 
straint 


+ 
$ $ 
where D is the operator d/dt. The govern- 
ment car finance a deficit by issuing 
money or bonds at some rate per unit 
time. 


Households 


Households own money, bonds, and 
equities. The real value of households’ 
wealth is thus 


M B 
W=—+—+ pik 
$ p 


Portfolio balance for households is satisfied 
when the supply of real balances equals 
the demand, l 


M 
(8) > = m| Y, (1 — ty)r], m > 0, me < 0 


where Y is real GNP, that is 
(9) Y = Pr Yi,-+ F: 


8 We make this last assumption only for the sake of 
simplicity. Allowing the government to rent out the 
capital it buys to firms would require relatively minor 
changes in some definitions and accounting relation- 
ships. The rate of accumulation of capital to be used in 
production would be higher with government rental of 
capital. However, none of the conclusions of the com- 
parative statics analysis presented below would be 
altered. Permitting the government to engage in produc- 
tion would involve the addition of a third production 
sector, a complication which we wish to avoid. A model 
in which the government purchases capital and labor, 
using them to produce a flow of government services, is 
discussed in Sargent and Wallace. 
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The demand for real money balances is 
assumed to depend on real GNP, which 
we take as a proxy for the rate of trans- 
acting in the economy, and the after-tax 
nominal rate of interest, which is the dif- 
ferential between the anticipated return 
on money holding, —r, and the antici- 
pated return to bond holding, (1 —tr}r— r. 
Omitting wealth from equation (8) 
amounts to assuming that households de- 
sire to hold any increment in wealth en- 
tirely in the form of bonds or equities.’ 
We will usually assume that households’ 
demand for consumption goods is governed 


by 


C = (Y —3pK—-T), 1>cry>0 


where 


w 
Yip = oe N+(r—2) pi K—-Ty—To 


is householders’ real disposable income 
according to national accounts concepts, 
although we will also indicate how the 
model works when more general forms are 
assumed for the consumption function.! 

For the economy to be in equilibrium, 
households’ and the government’s de- 
mands for consumer goods must sum to 


supply: 
(10) Y.: = c(Y == ôpıK = T) -4- £2 
Expenditures on consumption goods are 


? Our assumptions imply that the demand by the 
public for bonds and equities is given by 


(— 
p 





D 
) eal OS In Wl. 


a; = — fip a= — tix, ds = 1 


where V=V,+V2 is the total nominal value of the 
equities issued by both industries. 
10 One example of such more general forms is 


M+8B 
), Gsen, w | 
2>0, &<0, g>0 


where +(M-+B)/p is wealth holders’ perceived capital 
loss due to anticipated inflation on government lia- 
bilities of fixed nominal value. 





G= | x- ketar ( 
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` assumed to lead to no accumulation of 
stocks. Instead, consumption goods are 
assumed to be perfectly perishable. 


Other Relationships 


Equations (1) through (10) determine 
the position of the economy at a point in 
time. In addition to these ten equations, 
. the model contains a few other equations 
which, while they do not enter into the 
determination of momentary equilibrium 
at any particular point in time, are im- 
portant because they govern the evolu- 
tion of the system over time. In particular, 
the economy’s rate of capital accumula- 
tion is governed by DK= Y,—6K—gy. 

We are assuming: that the money wage 
is rigid at any moment. This assumption 
is compatible with the existence of a 
“Phillips curve,” for example, 

Dw 


—~ = y(N, =), 
w 


yn > 0, Yx > 0, 
provided that the implied value of Dw/w 
is always finite. 

Next, we need an equation that ex- 
plains how expectations of inflation are 
revised with the passage of time. The 
“adaptive-expectations” scheme 


J o>a>d 


where Dp is a left-hand derivative, is 
compatible with our assumption that at 
any moment in time r is fixed. 

Finally, we have assumed that firms 
finance investment with equities. This 
implies that firms issue equities at a rate 
with nominal value DV = pipDK. 

Relationships like these four occupy 
important roles in determining the be- 
havior of the model over time. However, 
since this paper is dedicated to the “static” 
or point-in-time analysis of our model, 
these equations will be of little concern in 
what follows. ; 
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II. Behavior of the Model 


We find it convenient to rewrite the 
system formed by equations (1) through 
(10) in the following way: 


(11) VYe2=c(¥ — T — pK) + go 
i. reaver, 

(13) Vi = Ki/@; 

(14) Bi = &i/fi(A1) 


te 
| 


(15) Yı = K2/Be 
(16) Bz = Ro/ folk) 
(17) K=K +K: 
M 
(18) P = m| Y, (1 — ty)r] 
(19) fi (kı) = € 
TE E (kk = —— 
1L Jı (81)}R1 e 
(21) Je (ke) = pie 


wW 


y—nr 
(1 — tx) 


This is a system of thirteen equations in 
the thirteen variables Y;, Y., Y, Ky, Ko, 
ki, Ès, Ji fi, E Bi Be, and e. The parameters 
of the model are ge. T, ty, tx, w, M, t, and 
K. Our analysis will be static, no time 
being permitted to pass as we move from 
one position to another." The variables of 
the model are assumed to adjust instan- 
taneously in response to the imposition of 
a disturbance in the form of a change in 
one ar more of the model’s parameters. 
Our strategy for solving the model is 
straightforward. We reduce equations 
(11) through (23) to a pair of relationships 


(23) | e=6+ 


n Notice that on our assumptions neither the govern- 
ment’s flew budget constraint nor the equation describ- 
ing the excnomy’s rate ol capital accumulation enters 
as a detesminant of the positions of our variables at a 
particular point in time. 
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involving Y, real gross national product 
measured in terms of the consumption 
good, and e, the gross return to capital in 


terms of capital goods, and the parameters - 


go, T, ty, tx, w, M, v, and K. The first 
relationship, called the MM schedule, 
gives the pairs of Y and e which assure 
portfolio balance for wealth holders. To 
obtain this relationship we use equations 
(18), (235, and the profit maximization 
subsystem, equations (19) through (22). 
The pairs of e and F on the MM schedule 
assure portfolio balance for wealth holders 
and are compatible with profit maximiza- 
tion, but there is no guarantee that an 
e and Y pair along the MM curve will 
result in equality between the stock of 
capital in existence and the stock firms 
would like to hold. 

The second relationship gives the pairs 


of e and Y which assure that the market 


for existing capital is cleared. To obtain 
this relationship, called the KK schedule, 
we use all the equations except (18). Pairs 
of e and Y along this schedule are com- 
patible with profit maximization and as- 
sure that firms are content to hold just 
the existing capital stock; however, wealth 
holders may not be satisfied with their 
portfolios at particular Y and e pairs on 
the KK schedule. The «—Y pair at the 
intersection of the KK and MM curves 
assures both portfolio balance and equi- 
librium in the market for existing capital. 


Some Preliminary Relationships 


The first step in obtaining the MM and 
KK schedules is to use the profit maxi- 
mization subsystem, equations (19) 
through (22), to obtain expressions for 
ki, ky, and pı in terms of e and an expres- 
sion for p in terms of e and w. Since 
!"(ky) <0 we can invert (19) to obtain: 





af 
1 


1 
(24) kı = kile) where ky = <0 


We know from profit maximization that 
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the ratio of the marginal product of labor 
to the marginal product of capital in both 
industries must equal the wage-rental 
ratio, which we denote by w. Thus divid- 
ing (20) by (19) and (22) by (21) we have 
the following: 











fs) 
fi (Ay) 
falka) me ke = W 
fe (ka) 
o w 
pipe 


Setting the ratios of marginal products in 
the two industries equal and using (24) 
we obtain: 


fl] Falke) 
fi fi [ko] (e) | fz (kə) 


This equation defines a relationship be- 
tween k, and e. Differentiating and rear- 
ranging,” we arrive at the followirg: 


—k 





eae (e) = 


5 
~ 


(25) ky = kale), 
2 
Ro. == A h 0 
fe” fe 


The economics behind equation +25) is 
straightforward. Raising the gross rate 
of return on capital causes the. capital- 
labor ratio in the capital goods industry, 
kı, to fall. This decline in kı means that 
the wage-rental ratio, w, must falL With 
a decrease in w, the ratio of the marginal 
product of labor to the marginal product 
of capital in the consumption goods in- 


ft tř 
P fifi N Jafa 





1 fi fa) a, 


o TE 


ft” fa OP 


dka = AL Ig 


JË fr 


Thus we can write (25). 


352 


dustry must fall in order to reestablish 
equilibrium, and in order for the ratio of 
marginal products to fall, the capital- 
labor ratio in the consumption goods sec- 
tor, ka, must decline. 

Perfect competition and constant re- 
turns to scale imply that each firm in each 
industry and hence each industry as a 
whole must earn zero economic profits. 
We write this condition in intensive form: 


Ppifi — w — ppieky = 0 

pfe — w — ppreks = 0 
Differentiating these two equations, em- 
ploying (19) and (21), and rearranging 
we obtain a relationship between pı and 


e:!3 


pı = pile) | 


pum (bi — bs) 20 as ky 2 kə 


The effect of an increase in e on fı depends 
upon the relative capital intensities of the 


18 (pifi — preki)dp + (pfi — peki)dpr 
+ [Pbi — porelhie — pprkilde — dw = 0 
(fz — preko)dp — pekodpy 
F [f — ppie)kze = ppikelde —dw=0 
Using (19) and (21) and the zero profit condition these 
two equations become 


~ dp + — dp: — pprkide — dw = 0 
$ Pr 


Ww 


P dp — (E5 — phikede — dw = 0 


Setting the left-hand sides of these two equations equal 


to one another we obtain: 
w 


w 
—dp+ 
p 4 Pr 


dp, — ppikide — dw 
- w phe — 
f $: 





~ dp: — ppikde — dw 


2 
dp: = A (ky << kajde 
te 


Thus we can write (26). 
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two industries. If, as is often assumed, the 
consumption good is relatively more 
capital intensive than the capital good, the 
price of the capital good in terms of the 
consumption good falls as the real return 
on capital rises. More generally, we have 
seen chat raising < lowers the wage-rental 
ratic 30 that in order for both industries to 
continue just to cover costs, the industry 
whick uses relatively more capital must 
have the price of its good rise relative to 
the price of the good which requires rela- 
tively less capital. 

Finally, substituting (25) into (22) we 
have: 

-Ww 


folko(e)| — f? [Bo(©) ]R2(e) = ; 


Differentiating and rearranging, we ob- 
tain: 





(27) p = ple, w) 
where 
22 bs 
PE APE ee ae, 
w 2 w ; 


The economics embodied in equation (27) 
is as follows. We know that raising e lowers 
the capital-labor ratio in the consumption 
goods industry. This decline lowers the 
marginal product of labor in that indus- 
try, so the real wage in terms of consump- 
tion goods must fall. With w fixed, the 
real wage can fall only if p rises. If w is 
increased and e stays constant, p must 
rise in order to keep the real wage the. 
same. - 

Twe other relationships are useful at a 
later stage. Substituting (24) into (14), 


1 
a — f2"ha Rede = > dw ~ has dp 


p? 
x 2 dh 
gja a” a 
w f w 


Thus wə can write (27). 


\ 
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we have a relationship between the cap- 
ital-output ratio and e: 


co 
i[Ri(e)] 


Differentiating and rearranging, we ob- 
tain:® 


(28) Bi = Bile) 


where 


b= 


en a eT, 
le = o ee 
bhi fi ` 


Similarly, (16) and (25) yield: 


1 
(29) Ba = Bale) where Bu = rA ran <0 


2 


In both industries, raising e lowers the E 


capital-output ratio. 


The MM Schedule 


We are now prepared to derive the MM 
schedule, which shows the pairs of e and 
Y which are compatible with portfolio 
balance given that the conditions for 
profit maximization are satisfied. We use 
(23) to obtain an expression for the 
nominal rate of interest in terms of the 
real gross rate of return e, 


Go zalean eni Ea 


This equation states that the nominal in- 
terest rate must be equal to the after-tax 
real rate of return net of depreciation plus 
the anticipated rate of inflation. Sub- 
stituting (27) and (30) into (18), we ob- 
tain the MM schedule, 


Thus we can write (28). 


GJ ges = ts 
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(31) Y Y, €; M, ty, tx, T) = 

mI Y, (1 — ty) {(1 — tr) (e — 8) + r} 

M 
TERE 
ple, w) 

We view the MM schedule as giving e as 
a function of F and the relevant parame- 
ters, an appropriate view as long as 
y.=0. Differentiating (31) and reazrang- 
ing, we arrive at an expression which al- 
lows us to determine both the slope of the 
MM schedule and the shifts in the 
schedule that are caused by changes in the 
parameters of the model: 





1 
p 


Gi) 
o |r 


Pe "A 
o(1 —t 
_ mel —) 


dM 





mo(1 — ly)(e — ò 
in af y)( ) its 
We 
M 
Ye = p Pe -+ mali = ty)(1 a tx) 


The signs of the slope of the MM schedule 
and of the expressions for the effects of 
shifts in the parameters depend crucially 
on y. Given the way we have written 
(31), Ye gives the effect of an increése in e 
on the excess demand for real balances, 
ceteris paribus. Raising ¢ has two offsetting 
effects on the excess demand for real 
balances. On the one hand raising = raises 
y, which makes wealth holders desire 
smaller real balances. This effect, which 
we shall call the interest elasticity of de- 
mand effect (TEDE), tends to reduce ex- 
cess demand for real balances and is 
represented by m2(1—ty) (1—tx). Dn the 
other hand, raising e means that > must 
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rise if the profit maximization conditions 
are to continue to be satisfied. This in- 


crease in p reduces the supply of real- 


balances. This effect, which we shall call 
the profit maximizing supply effect 
(PMSE), and which is represented by 
(M/p")5,, tends to create an excess de- 
mand for real balances. If the JEDE is 
stronger (¥.<0), then an increase in e 
leads to a net decline in the excess de- 
mand for real balances and if the PMSE 
is stronger (¥.>0), to a net increase in 
excess demand. We call the case when the 
TEDE is stronger the interest: elastic case 
(ITEC) and the case when the PMSE is 
larger the interest inelastic case (ZIC). 
We believe that the ZEC is the more im- 
portant of the two cases, so we will ex- 
plore only this case in detail. However, 
we will supply the reader with all the in- 
gredients for a full analysis of the interest 
inelastic case. 

The slope of the MM curve and the 
effect on the position of the MM curve of 
changes in the parameters can now be 
easily determined. As Y is increased, 
wealth-holders wish to hold more real 
balances, creating an excess demand for 
real balances. Whether e must rise or fall 
depends upon whether raising e creates an 
excess supply or demand for real balances 
when F is constant. In the JEC, « must 
rise in order to reestablish portfolio bal- 
ance. This case is shown in Figure 1. 

From (31) we have: : 


- Of course, in the interest inelastic case the 
MM schedule slopes downward. 

Our MM schedule somewhat resembles 
the textbook LM schedule.'* The primary 
difference is that we have insisted that the 
profit maximization conditions be ful- 


18 For example, see Martin Bailey. 





FIGURE 1 


filled at every point on the MM curve. 
This requirement is not imposed when 
deriving the usual version of the LM 
curve. It is our new requirement which 
has raised the ambiguity about the slope 
of the MM curve. 

We now consider the effects of shifts in 
the parameters on the MM curve. 


An increase in the money supply 


With Y fixed an increase in M leads to 
an excess supply of real balances, so in the 
IEC we must have a fall in «e in order to 
reduce the nominal rate so that portfolio 
balance can be reestablished: 


TEC 


1 
de _?P 


—— = <0 
dM! mM.ay=0 "A 





Thus en increase in the money supply 
shifts MM down, say from MM, to MM, 
in Figure 1. l 


An increase in the money wage 


An increase in the money wage rate, w, 
means zhat p must be increased for profit 
maximization. An increase in p leads to 
an excess demand for real balances at the 
original e so with Y fixed in the JEC, e 
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must rise in order to raise the nominal rate 
so that portfolio balance can be reestab- 
lished: l 





IEC M 
d 
€ 
D ETE p > 0 
dw | MM,dY=0 Ye 


An increase in w shifts the WM curve up- 
ward, say from MM, to M Mo in Figure 1. 


An increase in ty 


If there is an increase in ży with total 
tax revenues being held constant by an 
alteration in Te, the attractiveness of the 
return producing assets, bonds and equi- 
ties, is reduced. At the original e, excess 
demand for money results, so with Y con- 
stant we must have an increase in ein the 
interest elastic case: 


de |120 me 


= > 0 
dly|umay=0 We 





The MM schedule thus shifts upward 
with a rise in fy. 


An increase in anticipated inflation 


A rise in the anticipated rate of infla- 
tion, 7, means that equities become more 
attractive relative to monay, which earns 
no nominal return, and bonds, the returns 
from which are fixed in money terms. 
With e fixed, the nominal rate r rises by 
dr, but with F fixed there will be an ex- 
cess supply of real balances at this new 
nominal rate. In the interest elastic case, 
there must be a decline in e large enough 
to lower the nominal rate enough to re- 
move the excess supply: 


de HEC 


S m(i = <0 


AT! MM .dy—0 Pe 


An increase in w shifts the MM curve 


down. Given Y, the nominal rate ends up 
lower after an increase in r, as can be 
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Posi 


seen from the following expression de- 
rived by differentiating (30): 











dr1E° delļ TEC 
mE = [14a m | 
At | MM, dY=0 dri MM,dY=0 
IEC . M 
— pe 
dri 3 
ia = id <0 
drl wm dy—o We 


The nominal rate ends up lower because as 
e falls to reestablish equilibrium, p also 
falls, adding somewhat to the excess sup- 
ply of money which must be eliminated. 


An increase in ig 


If ¿x rises, at the original e, the return on 
equities falls, and since bonds are perfect 
substitutes for equities, the nominal in- 
terest rate falls. At the new nominal rate 
there will be an excess demand for money, 
and again assuming that Y is fixed, in the 
interest elastic case there must be an in- 
crease in e in order to raise the nominal 
rate by enough to remove the excess 
demand: 

de LEC 


m moi Tai ty) (e 5 5) S 


dix | MM.dY=0 Ye 


0 


An increase in ¿+ shifts the MM curve up. 
The nominal rate ends up higher after an 
increase in ¢t;, as can be seen from the 
following expressions derived by dif- 
ferentiating (30): 


dr | IEC de 
el eH +0) 
dig 


dik | MM,dY=0 
Co y 
e — 6) — pe 
EEPE T 
Pe 
The KK Schedule 


We’ now proceed to derive the KK 
schedule, the schedule which shows the 
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pairs ot e and F that clear the market for 
the existing capital stock given that the 
conditions for profit maximization are 
satisfied. First we obtain expressions for 
the capital required in each of the in- 
dustries. From (13) and (15) we have 
K= Y8: and K= Fabo. Using (12) we 
have ¥i;=(Y—Y2)/f;. Thus (17), which 
states that the market for existing capital 
is cleared, can be written as follows: 


Y— Y, 
K =( b Je + Ves 


1 





Multiplying through by pı we obtain the 
condition that the total requirements of 
capital measured in terms of consumption 
goods must equal the stock of capital 
goods measured in terms of consumption 
goods: ) 


pik = BiC¥ — Vo) + pb: 


Using (11) and recalling that pı, 6;, and 
ß: can be written as functions of «e, we 
obtain the equation which defines the KK 
schedule :” 


(33) &(Y, ; K, gs, T) 
= pil)K — Bile) ¥ 
— [prle)Bole) — Bile) 
-[c(Y — T — p:ôK) + go] = 0 


We view the KK schedule as giving eas a 
function of Y and the relevant parameters 
of the model, which requires that ©,~0. 


17 Clearly at this stage the reader is free to substitute 
his favorite consumption function plus g, for Fs. One 
alternative consumption function is given in fn. 10. In 
general we could take FY, to be a function of F and e 
given K and a vector of other parameters. We desig- 
nate this vector of other parameters a with elements a: 


Y: = Y.(¥Y, ¢; K, a) 
The more general version of (33) is given by the follow- 
ing: 
®(Y,¢6;K,a)=pifeh K—Bi(O Y 
— [P1929 -89 J ¥2(¥, 6; K, «)]=0 
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Differentiating (33), we obtain an ex- 
pression from which we can determine the 
slope of the KK schedule and the effects 
of shifts in the parameters on the position 
of the KK schedue:!® 


(34) de= (1 — a + crpi J7 


2 jit oe Bi)cy pis aK 


4 (p182 — b1) ja 
P. 
= (pb: — ßı)cy d 
p. 


De = — [pE pu + pY Bo] 
+ [Ki + (p82 — BidcviK| pr 


The signs of the slope of the KK 
schedule and of the effects of shifts in the 
parameters on the position of the KK 
schedule depend on the sign of ®,. Be- 
cause of the way we have written (33), 
$, represents the effect of a rise in e on 


T 


"excess supply in the market for the exist- 


ing stock of capital goods measured in 
consumption goods, ceteris paribus. A rise 
in e lowers the capital-output ratios in 
both mdustries thus leading to an in- 
crease in the excess supply of capital 
goods; this effect, which we call the capital 
using effect (KUE), is given by — [pY bu 
+p F232]. 

The relative price pı may either rise or 
fall with an increase in e depending upon 
the relative capital intensities of the two 
industries; #; rises (fie >0) if Ai >ke and 
falls if ke>k,. Ignoring temporarily the 
effects on depreciation, we can see from 
(33) that a rise in the relative price of capi- 


18 Tf we had used a more general expression for Yo, as 
in fn. 17, the differential of the KK schedule would be 
$ B &,; 
de = — ay ~~ ax ny ey Pe 


‘ im] e 
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tal goods, ı, raises excess supply in the 
market for existing capital goods. Raising 
pi increases the consumption good value 
of the supply of existing capital by Kpx. 
However, with F and F, fixed, the con- 
sumption good value of demand for exist- 
ing capital rises by only Aepi. since pV 
must remain constant. Thus excess supply 


in the market for existing capital rises by. 


Kıpı We call this effect the capital valua- 
tion effect (KVE). The argument is re- 
versed if p; falls. 

Excess supply also changes because of 
changes in the value of depreciation. This 
effect is represented by the term (pb: 
—Bi)cy5Kp,.. The value of depreciation 
rises if f; rises when e is increased. If the 
value of depreciation rises, then F, falls, 
decreasing demand for capital; with a 
fixed F this means that #,Y; must rise, in- 
creasing the demand for capital. Whether 
or not there is a net increase in demand 
depends upon which industry has the 
higher capital-output ratio; that is, upon 
the sign of ~:82.~8:. Excess supply falls 
when ġı rises if pif2—61<0. It can be 
shown that ,8.—6:20 as ke=h° This 
means that pie and ~:$.—6, always have 
opposite signs, so the effect of the change 
in the value of depreciation no matter 
what its direction is always to reduce ex- 
cess supply in the market for existing capi- 
tal. We call this effect the depreciation 
output switching effect (DOSE). 


#8 Using Euler’s theorem and the profit maximizing 
conditions we have 


w 
pifi = 5 + preky 


fr = me peko 


Dividing the first equation by k; and the second by ke, 
subtracting the second equation from the first, collect- 
ing terms, and multiplying through by 6:82 we obtain 


1 
-— (ke — k) 30 


w 
(#82: — b) = > Th 


as ky ky. 
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When &, > k: so that p;.>0, ®, is positive 
if the KUE plus the KVE is greater than 
the absolute value of the DOSE. When, as 
is often assumed, k> kı so that ~:.<0, È. 
is positive if the KUE is greater than the 
sum of the absolute values of the KFE and 
the DOSE. No matter whether kı >k or 
vice versa, ®, is more likely to be positive 
the more alike are the two sectors, for as 
ky ka, we have pie 0, pB >b, so the 
KVE and the DOSE tend to disappear. 
Since we believe that the case in which ®, 
is positive is the more important case, we 
concern ourselves primarily with that case. 
Since the always positive part of $, de- 
pends on substitution in production, we 
call the case when ®, is positive the strong 
substitution case (SSC) and the case when 
@,. is negative the weak substitution case 
(WSC). 

Given the sign of ®, we can readily find 
the signs of the slope of the KA curve and 
of the effects on the position of the KK 
curve of changes in the parameters. As Y 
is increased both F, and fiY, must rise. 
These increases generate an increase in the 
demand for capital. In the strong substi- 
tution case, e must rise in order to choke 
off this excess demand and reestablish 
equilibrium in the market for existing 
capital goods. This case is shown in Fig- 
ure 1. 

From (34) we have: 


de | SSC 7 (1 — cy) Bi + cyprB2 . 


= 0 
dY KE P, 


Of course, in the weak substitution case 
the KK curve slopes downward. 

Reference to (34) makes it easy to deter- 
mine the effects on the KK schedule of 
changes in the parameters K, go. and T. 


An increase in the capiial stock 


At a given level of GNP, the effect of an 
increase in K on the e that clears the mar- 
ket for existing capital and guarantees that 


tt EL LEI OEE TT eRee—vw—' 
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profits are maximized is given by 


Paw _ pit (P82 Bier Prd] 
dK | xK,ay-0 p. 


de | ESC 


We are assuming that the numerator of the 
above derivative is positive, which will be 
true if 6 is sufficiently small or if kı is not 
very much greater than k. An increase in 
K increases the excess supply of capital at 
a given Y, which means that, in the strong 
substitution case, e (and therefore p$ and 
p) must fall if the market for existing 
capital is to be cleared. An increase in K 
thus shifts the KK curve downward. 


An increase in government purchases of 
consumer goods 


_ Ata given level of GNP, the effect of an 
increase in g on the e that clears the mar- 
ket for existing capital and guarantees that 
profits are maximized is given by 


= (p:82—B1) 


dge KK ,dY x0 ®, 


de | SSC 
een 2 2 
Z 0 as k:Zkı 


At a given level of Y, and at the e on the 
original KK schedule, the output of the 
consumption-goods sector must expand by 
dg, requiring the output of investment 
goods to contract by dg}. At the original 
levels of #1, $, and e, firms in the consump- 


tion goods sector require pbđdg: additional ` 


units of capital to produce the additional 
output, while capital-producing firms will- 
ingly release 6,dg2 units of capital in order 
to lower their output by dg. If pBodge 
equals 8,dg2, the market for existing capital 
remains cleared at the old fy, p, and e. If 
k> kı, implying that pi@.>61, the con- 
sumption sector demands more additional 
capital at the original levels of p, «e, and 
pip than the capital-producing firms are 
willing to sell or rent. Thus, there is an 
excess demand for existing capital, and e 
(and also +p and $) must rise to clear the 
market for existing capital, given Y. This 
implies that an increase in ge shifts the KK 
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curve upward if >. If k<k, the AK 
curve shifts downward when g: increases, 
while, as we have seen, the KK curve 
remains unchangec. when ki= kz. 


An tecrease in total real tax collections 


The effect of a change in T on the value 
of e that, given Y, lies on the KK schedule 


_ is given by 
de |SS° (pib: ~ Bader, o 
aT | rK ar=o Be s 


as k = ka 


An increase or dT has the same effect on 
the KE schedule as a decrease in govern- 
ment expenditures of (dT/cy). The in- 
crease in T causes the demand for con- 
sumption goods to fall, thereby causing 
the capital-market-clearing value of e to 
fall, stey the same, or rise depending on 
whethez k: exceeds, equals, or falls short of 
ky. 


Full Equilibrium 


We aze now in a position to describe the 
momencary equilibrium of our economy 
and the manner in which it responds to the 
imposition of disturbances. Equilibrium 
values of e and Y are determined at the 
intersection of the MM and KK curves, as 
in Figure 1. Where both the AK and the 
MM curves are upward sloping, as we 
have been assuming for the most part, the 
MM cu:ve must be steeper than the KK 
curve if the equilibrium is to be stable, a 
condition thet we will assume to be satis- 
fied.?? | 

We now describe the effects on momen- 
tary equilibrium of changes in the param- 
eters M, w, 1, ty, tx, g2, and T. These effects 
are summarized in Table 1. 


20 Stability also requires that, in a certain sense, price 
adjustments in the market for paper assets are swift 
relative to price adjustments in the market for existing 
physical capital. A formal discussion of stability is con- 
tained in the Appendix. 
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TABLE 1--SUMMARY OF RESULTS? 


Increase in 
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Effect on | M w ly tx 
Y -4 ~ _ _ 
N wf — — — 
p T z = = 
Pp + = = = 
€ -+ — — — 
r -+ — — — 


g2 
j ka> Ry 


++++++ 

+++ 0+ 

+++] 
| 


a The results reported in this takle are based on the assumption that the KK schedule has a positive slope and on 
the assumption in fn. 22 about the effect of a rise in e on employment. The results reported in columns headed by 
TEC are based on the assumption that the MM schedule has a positive slope. The results reported in columns headed 
by JIC are based on the assumption that the MM schedule has a negative slope. The results for an increase in T 
with ły and éx constant are just the reverse of those for an increase in Ba. 


An increase in the money supply 


An increase in the money supply shifts 
the MM curve downward, indicating that 
e must fall if portfolio balance is to be 
maintained at the original level of GNP, 
say F, in Figure 1. To equilibrate the 
money market, r and e tend to fall. Per- 
ceiving that wealth-holders are willing to 
accept a lower rate of return on equities, 
firms now find it profitable to use more 
capital intensive techniques and bid for 
capital goods. This causes the money price 
of capital goods, pip, to rise. Since the 
money wage rate is unchanged and since 
firms must continue just to cover costs, p 
must rise when pı rises.”! The rise in p 


i aprile, w)lp} dr. 


dp dp 
where e(f, w) is obtained by “inverting” (27). Thus 

dpi(p)p w 

~~ = —— |ki — k 

ip pep al + p: 

__¥ ke(Spifi — w) 
phofy tkf 

That is, through equation (20) a rise in p:p causes a fall 
in kı which through equation (19) leads to a rise in e. 
This in turn requires a fall in ke through equation (21), 


which necessitates a fallin the real wage in terms of the 
consumption good, Thus p must rise. 





>0 


both reduces the supply of real balances 
and raises the level of output that profit- 


- maximizing firms want to produce with the 


existing capital stock. These two effects 
tend to create excess demand for real bal- 
ances, which means that r and e must rise. 
The rise in ~ also increases the real rate of 
return to capital implied by. profit maxi- 
mization. Our assumption that the MM 
schedule is steeper than the KK schedule 
guarantees that as output and prices 
rise, the portfolio-balancing «e eventually 
“catches up” with the capital-market- 
clearing ¢, establishing a new equilibrium 
at higher values of both e and F, as in 
Figure 1. The rise in e is necessitated by 
the higher marginal product of capital that 
prevails at the new equilibrium. The in- 
crease in the money supply also produces 
rises in N, r, $, and pp1.% Whether or not 


* The effects on employment produced by changes in 
the parameters can be seen by analyzing the EUS MIE 
expression for labor employed, N: 


—c[¥Y — T — pilesK] — 
pile) 
Hald fel — T — pi 8K] + g) 
where M=1/f, M= 1/fe and Au, Axe > O 


N = Mle) j= 


Upon differentiation we have: 
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fı rises or falls depends on relative capital 
intensities. 


An increase in the money wage 


An increase in the money wage acts 
exactly like a decrease in the money sup- 
ply. The increase in w causes the MM 
curve to shift up, since for profit-maximi- 
zation, p must rise, creating excess demand 
for money at the original Y and e, tending 
to drive e upward. The tendency for e to 
rise causes firms to attempt to rent or sell 
capital, causing pip, p, e and output to 
fall. Equilibrium is reestablished at values 
of e and Y lower than those characterizing 
the original equilibrium. 


An increase in anticipated inflation 


An increase in the expected rate of infla- 
tion m shifts the MM curve downward, 
eventually resulting in increases in both e 
and FY. At the original level of GNP, the 
increase in m reduces the e required for 
portfolio balance. This causes firms to bid 
for capital, causing ıp, p, € and F to 
increase. 


An increase in the income tax rate with total 
real tax collections held constant 


An increase in ty reduces the attractive- 


-c 


1 
daN = j Yar Fa as [N i+ (pro daevdK |p. Z 
1 
ars [(1—cr)tcypiàzld rii (Pike Adee 
1 1 


1 1 
—— (pro AderdT —— (pMa Mey pôd K 
Pr pr 


Raising « with Y constant increases the labor-output 
ratio in both industries which tends to increase employ- 
ment. An increase in ¢ also gives rise to two effects 
analogous to the KVE and the DOSE effects pertinent 
for evaluating be above. These two effects may tend to 
decrease employment as e is increased. However, these 
effects become smaller as ki», and we assume that kı 
and k are close enough together that a rise in e increases 
employment. A rise in output with e constant always 
increases employment. Since e and Y always move 
together when changes occur in M, w, ly, tx, and n, N 
always moves in an unambiguous direction given our 
assumptions. 


ca 





Lan 
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ness cf bonds and equities, creating an 
excess demand for money at the original e 
and F. At the original Y, 7 and e must rise 
in ord2r to equilibrate the money market; 
that is, the MM schedule shifts upward. 
The rise in e causes firms to attempt to 
rent or sell capital, causing pip, p, e and Y 
to fall until equilibrium is reestablished at 
values of eand Y that are lower than those 
characterizing the original equilibrium. 


An increase in the profil tax rate with total 
real tax colleciions held constant 


An increase in tx causes the MM 
schedule to shift upward, thereby de- 
pressing e and Y. The rise in ‘x means that 
at the initial Y the original e now implies a 
lower rate of return to equities, causing 
wealta-holders to attempt to move into 
money. This creates a tendency for r and e 


-to rise at the original FY, causing firms to 


attempt to dispose of capital, roves pip, 
$, e ard Y downward. 


An increase in government purchases of 
consumer goods 


The effects of an increase in g: depend 
on the relative capital intensities of the 
two sectors. If k> k, the increase in ge in- 
creases the capital-market-clearing value 
of e. This occurs because at the original Y 





FIGURE 2 
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and e the rise in ge increases the amount of 
capital demanded by the consumption 
goods sector by more than the capital 
producing firm can release and still have 
Y remain constant. This causes firms to 


bid for capital, causing pip, p, «, and Y to 


increasé. On the other hand, if ki> k an 
increase in ge shifts the KK schedule down- 
ward, causing F and e to fall. In both cases 
the effect on employment is ambiguous.” 
If kı= ko, an Increase in ge has no effects on 
Y, N, p, <, or pı. Of course, Ni, No, Ki, and 
K, will change according to 





dK. = Bod go 

dK, = — — dge = — dK, 
1 

dN, = — dg, 
f 

dN; = — : dg. = — dN, 
1P1 


In this case, market forces induce pro- 
ducers of capital goods to release just the 
amounts of capital and labor that pro- 
ducers of consumer goods need to meet the 
increased demand for their output. At the 
initial equilibrium values of Y, F, and Y», 
the increased demand for consumer goods 
caused by the increase in g, produces a 
tendency for p to rise, while pip remains 
constant. The rise in p induces a rise in 
profits of consumer goods producers, while 
profits of investment goods producers 
remain unchanged: 


» ‘The expression in fn. 22 reveals the source of this 


ambiguity. When ge is increased, e and Y move in the > 


same direction if the MM curve slopes upward. When 
ka> kı, eand Y both rise. However, an increase in g, also 
has an employment-reducing effect in addition to the 
employment-increasing effects of the increases in e and 
Y. At a constant Y, a rise in g shifts production from 
the good with the higher labor-output ratio, Yi, to the 
good with the lower labor-output ratio, Y2, thus reduc- 
ing employment. A similar argument reveals an am- 
biguity in the effect of a rise in ge on employment when 
hy > ke. 
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dp eos 

d 
Es = (1— g)> 0 
dp dp p=0 


The rate of return on capital in the con- 
sumer goods industry rises, exceeding that 
in the investment goods industry. This 
causes firms in the consumer goods indus- 
try to bid for capital, which firms in the 
investment goods industry are wiling to 
sell or rent to them in order to obtain the 
highest possible rate of return oa their 
capital. The slightest upward pressure on 
p is thus sufficient to bring about any re- 
quired changes in the distribution bf capi- 
tal and employment. Consequently in 
equilibrium, p and #; remain at their initial 


levels, as do F and N.” 


An increase tn total real tax collections, tax 
rates being held constant 


An increase in T with £ and tg held 
constant operates in the same fash.on as a 


% Notice that we are assured that, at the iritial equi- 
librium values of #1, p, 7, and Y, the government is able 
to finance the increase in the deficit caused >y the in- 
crease in go. Substituting the national incorre identity 
and the government budget constraint intc the defi- 
nition of disposable income, and noting that saving plus 
consumption equals disposable income, we arrive at 


Cee Hyg gecesi a 
P p 

where S is saving and #:DK equals the real value of the 
rate at which firms are issuing equities to firance their 
capital accumulation. The above equation stetes that in 
equilibrium the rate at which households are actually 
acquiring equities, bonds, and money must. equal the 
rate at which they desire to save. Where capizal intensi- 
ties are equal, the increase in go produces an equal reduc- 
tion in #:DK and hence in the rate at which ‘irms issue 
equities. This is precisely enough of a decrease to offset 
the increase in the rate at which the government must 
issue bonds and/or money, since dg.=—pdDK, and 
since from the government budget constraint and the 
fact that prices don’t jump, 


; ay 
i >| }? 
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decrease. in g» With an upward sloping 
MM curve, an increase in T drives Y and 
e up (dewn) when &, > ko(k,>&). 


The “Interest Inelastic Case” 


The analysis above assumes that the 
interest elasticity of the demand for money 
is sufficiently high in absolute value to 
make the MM curve upward sloping. We 
now briefly consider the interest inelastic 
case, in which the MM curve slopes down- 
ward. We continue to assume that the KK 
schedule slopes upward. 

Reference to equation (32), which gives 
the differential of the MM schedule, estab- 
lishes that when the M M schedule is down- 
ward sloping, the MM schedule is shifted 
upward by increases in the money supply 
and the anticipated rate of inflation, and 
by decreases in w, tg, and i,. It follows that 
in the interest inelastic case, changes in M, 
w, T, tx, and é, exert effects on Y, «, p, and 
pip that are qualitatively the same as 
those in the interest elastic case in which 
the MM schedule is upward sloping. 

Where the possibility of a downward 
sloping MM curve does create some ambi- 
guity is in the analysis of changes in g, and 
T. Suppese that k> k, and that the gov- 
ernment increases its purchase of con- 
sumer goods, causing KK to shift upward, 
as in Figure 3. At the original Y, the 
capital-market-clearing value of e rises, 
causing firms to bid for capital, raising pip 
and p. The rise in p diminishes the supply 
of real balances tending to create excess 
demand for real balances. Since the inter- 
est elasticity of the demand for money is 
‘relatively small, large increases in 7, and 
therefore in the e required by wealth- 
holders, are required in order to diminish 
the demand for real balances by a given 
amount. The e consistent with portfolio 
balance tends te rise above the value of e 
that with the new AK schedule clears the 
capital market at the old level of output. 


This causes firms to attempt to dispose of. 
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FIGURE 3 


capital exerting downward pressure on 
dip, £, & and output. Output and e fall 
until eventually equilibrium is restored at 
a lower Y but at a higher e than character- 
ized tas initial equilibrium. 

The upshot is that in the interest inelas- 
tic case, an increase in ge decreases the 
level of output if k:>kı. Similarly, an 
increase in ge increases (leaves unchanged) 
output if ki> ke (kı= ke). Once again the 
effect on employment is ambiguous no 
matter which good is more capital inten- 
sive.” 


HI. Conclusions 


Increases in the money supply and the 
expecta rate of inflation and decreases in 
the money wage and the marginal income 
and prcfits tax rates increase output, em- 
ployment, and prices in our model. Those 
changes have their effects by introducing 
disturbences in the markets for stocks of 
physica. and paper assets, thereby exerting 


% The expression in fn. 22 reveals the source of this 
ambiguity When gzis increased, e and Y move in oppo- 
site directions if the MM curve slopes downward. When 
ke>hi, e rises, and F falls. The rise in « tends to increase 
employment; the fall in F tends to reduce it. As men- 
tioned in fm. 23 there is an additional employment reduc- 
ing effect caused by a shif- in output between sectors. 
A similar argument reveals an ambiguity in the effect 
of a rise in g: on employment when kı > fe. 
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pressure on prices, causing firms to adjust 
their levels of output and employment. On 
the other hand, increases in the level of 
government expenditures and decreases in 
tax collections may either increase or de- 
crease output and employment depending 
upon the relative capital intensities of the 
two production sectors and some other 
conditions involving the interest elasticity 
of the demand for money. These fiscal 
policies affect output and employment 
only to the extent that consumption goods 
and capital goods are not perfect substi- 
tutes in production; if they are perfect 
substitutes, the rates of government ex- 
penditures and of tax collections play no 


role in the determination of output and 


employment at a point in time. 

These properties of our model serve to 
highlight just how important are the char- 
acteristics of the market in existing physi- 
cal capital. The assumption made here is 
that a “perfect?” market exists, one in 
which firms-can buy and sell capital with 
zero transactions costs. This implies that 
profit-maximizing firms will hold the opti- 
mal quantity of capital at each instant. 
Firms’ trading in the market for existing 
capital will thus guarantee that the profit- 
maximizing marginal conditions for capital 
are met at each instant, just as the margi- 
nal conditions for labor are assumed to be 
met in the standard Keynesian model. 

. This makes the market for existing capital 
_ra critical element in the mechanism by 
7: which policy changes and other distur- 

` bances affect the economy. 

On the other hand, the Keynesian model 
denies the presence of a market in existing 
capital and permits discrepancies to exist 
at any moment between the marginal 
product of capital and the cost of capital. 
High transactions costs are assumed to 
prevent firms from adjusting their capital 
stocks instantaneously. Instead, they are 
assumed to respond to an increase in the 
gap between the marginal product of capi- 
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tal and the cost of capital, as might be 
caused by a decline in the interest rate, by 
increasing the rate at which they are in- 
vesting. Thus, the Keynesian model posits 
investment demand curves for firms rather 
than insisting that the marginal conditions 
for capital always be satisfied, as we have 
done here. That feature of the Keynesian 
model is an extremely important one in 
making variations in government expendi- 
tures a potent instrument for stabilization 
with predictable effects on output and 
employment in the short run. 


APPENDIX 


Equations (11) to (23) can also be reduced 
to a system of two equations in $ and e. The 
implicit relationship between e, p, and w used 
to derive (27) can also be used to write the 
following: 


1 
(A1) @=@{p;w) where @ = r >0 
t 
w 
êw = Pw An <0 
Pps 1 
ê is the rate of return on capital in terms of 
capital goods implied by profit maximization 
at a given p. We now use e to denote the rate 
of return on capital which is necessary for 
portfolio balance: Equilibrium requires that 
the rate of return on capital implied by profit 
maximization must equal the rate of return 
on capital required for portfolio balance: 


(A2) The, p}w) = @(p;w) —e = 
Using (A1) we can rewrite (33) in the follow- 
ing way: 
OY, p; w, K, ga, T) 
= pil@)K — 6:6) Y 
— [p1(2)B2(@) — 8:8)] 
-{cl[¥ — T — HAK] + go} = 0 


Since 6y 0, we can use this implicit relation- 
ship between Y and to solve for Y in terms 
of p and the relevant parameters: 


(A3) Y = Y(p;w, K, go, T) 
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where . Ernploying the usual technique, we linear- 
ize the system around the equilibrium values 


& i for e and p which we call e9 and po. See equa- 

6, j Pe 1 1 tion (A7) below. All the derivatives are 

Yom pa e Og ae z ais evaluated at leo, po). The characteristic equa- 
g ar Eoi Pe tion of the system is 





! (A8) X+ B.+C=0 
Y, has the same sign as the slope of the KK 
curve, so, given the assumptions in the text, B= ‘ | Á | 
Y, is positive. Substituting (A3) into (18) i (1 — ty)(1 — tg) 
and using (23) we arrive at the following: 
: k z tr) (A — 2] 


(A4) Q(e, b; w, K, 23 T; M, ly, ik, T) M/P 
= m| Y(p; w, K, ga, T), (1 — ty) Ppi l 1 } 
| rae word epe 


| M 
‘[(1 — tx)(e — 8) + x} a 


r 
; C = ae | ——" 
The description of the pressures toward ad- (1 — ty)(1 — tx) 
justment given in the text can be written oh il 1 | 





down explicitly in the following pair of dif- 


ferential equations (A5) and (A6). Mep. 


Pr T PPre/ Pe 


| M 
aP k at e eea A 








ar ea 
: r(c) = py m 
$ 
D(porle(p; — 
aa SOA _ a a 
ppile(p; w) | é(p) 
M 
; —+m Yp 
O m(1—tx)(1—ty} |p 7 
E € EQ Hi M My M E€ E0 
P p 
(A7) = = 
| m 1 | 1 
Pi phie be 1 pe | 
(Dp— Dpo) p| —- H2 $ — po 
Phi € é 
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M 
m(1 — ix)(1 — ty) + RR 
i $ 


N 


fi 1 
2 
i de 


a¥ xx 


Necessary and sufficient conditions for sta- 
bility are B>O and C>0. Our assumption 
that markets adjust instantaneously implies 
that. u pœ. For stability we must have 
pı and us approach infinity in such a way 
that B remains positive. The following con- 
dition must always hold: 


can er 
M 


— 


Hi | ppi | 
e(Pipet Ppi) 


The ratio of the speed of adjustment in the 
market for existing capital to the speed of 
adjustment in the money market must be 
less than the ratio of the effect of a rise in e 
on the percent excess demand for money to 
the effect of a rise in p on the percent gap 
between the profit-maximizing and the port- 
folio-balancing rate of return on capital. Ad- 


_ justment must be relatively more rapid in 


t 


, the markets for paper assets. This condition 


is necessary because a rise in $ raises ê, thus 
increasing the gap between the profit-maxi- 
mizing and portfolio-balancing rates of re- 
turn. If we is small enough, where “small 
enough” is defined by the condition above, 
to keep this disequilibrating effect from be- 
coming.dominant, then the system as a 
whole is stable. 

For C to be positive the following condi- 
tion must hold: 


M 1 
G eT petm Ea >0 


dK 
This condition can be rewritten as the fol- 
lowing: 





KE 


: + > 0 
de de 


dY MM ak ek 
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With our assumptions that 

















de 
— > 0 
aK |xx 
stability is assured if 
de 
— <0 
aVium 
If 
de 
— > 0 
dY | was 
then we must have 
de de 
—— > eee 
dY\um aY \xx 
for stability. 
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The Demand for State and Local 
Government Employees 


By Ronatp G. EHEENBERG* 


During the 1953-70 period, state and 
local government employment grew faster 
than total employment, rising from 8.6 
percent to 14.0 percent of total employ- 
ment on payrolls of nonagricultural estab- 
lishments. While much of the rise was due 
to the growth of educational employment 
(145 percent), state and local noneduca- 
tional employment also grew significantly 
faster (79 percent) than employment in the 
private nonagricultural economy (33 per- 
cent). Indeed, several noneducational em- 
ployment categories have grown at rates 
approaching or exceeding that of educa- 
tional employment in recent years (Table 
1). By 1980, state and local government 
employment is projected by the Bureau of 
Labor Statistics to increase further to 
15.9 percent of total nonagricultural pay- 
roll employment.! 

Interest in the determinants of the level 
of such employment within a state and its 
allocation across functional categories is 
more than academic. Recently, fears have 
been expressed that the growing strength 
of public employee unions, their increased 
militancy, and the trend toward collective 


' bargaining rights with respect to wage ` 


issues, will lead to inflationary wage in- 
creases in the sector and aggravate the 


* Associate professor of economics, University of 
Massachusetts. Without implicating them for what 
remains, I am grateful to Orley Ashenfelter, James 
Kindah], a referee, and the editor for their comments on 
earlier versions of the paper. The research was supported 
by a faculty research grant from the Manpower Ad- 
ministration, U.S. Department of Labor and the ma- 
terial presented here draws from my larger study 
(1972), prepared for that organization. 

1See Manpower Report, Tables C-1, E-11; Handbook 
of Labor Statistics, Tables 38, 100; Public Employment 
(various issues). 
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financial problems facing state and local 
governments.? These fears are explicitly 
based upon the assumption that public 
services are essential and consequently 
that the demand for public employees is 
wage inelastic. To many, the logical con- 
clusion then drawn is that limitations 
should be placed on the collective bargain- 
ing rigats of these groups.® 

To date, however, no estimates have 
been presented of the wage elasticities of 
demani for public employees and conse- 
quently no quantitative discussion of the 
strength of the market forces, which might 
prevent such increases, has occurred. To 
the extent that state and local government 
emslcyee unions value both the wage and 
emalcyment levels of their members, high 
wage elasticities coupled with projected 
relatively slower rates of growth of em- 
ployment demand would help to moderate 
the size of wage increases which they will 
seex in the future. 

One can easily think of possibilities for 
sutstituting capital for labor in the provi- 
sion of public services (for example, police 
patrol cars) and for substituting private 
for public provision (for example, private 
security agencies). Moreover, given the 
limited resources which state and local 

2 Harr” Cohany and Lucretia Dewey, Sheila White’ 
and Shela Weissbror present descriptions of these 
trends. Table 1 presents Gata which indicate that both 
over the 1961-70 and 1965-70 periods, state and local 
government employees’ wages have increased more 
rapidly taan wages in the private sector. However, as 
suggested by the editor, the past relative inflation of 
public employees’ wages was probably due to the rapid 
growth of employment demand in the sector and 
unrelatec. to the wage elasticities of demand. 


3 See, for example, Harry Wellington and Ralph 
Winter. 
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TABLE 1—ToTaL PERCENTAGE CHANGES FULL-TIME EQUIVALENT STATE AND LOCAL 
GOVERNMENT EMPLOYMENT AND MONTHLY PAYROLL PER MAN, By FUNCTION 





Employment Payroll Per Man 

Category 1965-70 1961-70 `- 1965-70 1961-70 
Education 27.6 60.5 41.8 66.5 
Highway 3.4 10.6 38.5 61.6 
Public Welfare 47.1 99.5 41.6 68.2 
Hospitals 18.6 38.3 51,4 74.4 
Health 36.0 55.3 43.6 68.6 
Police 29.0 44.9 43,0 75.8 
Fire Protection toà ga 2 18.4 47.7 74.9 
Sewerage 10.9 26.4 37.4 59.0 
Other Sanitation 11.4 17.9 37.7 59.6 
Parks and Recreation 1752 29.8 34.4 . 56.7 
Natural Resources 12.6 23.6 41,2 65.3 
Correction 28.0 54.6 44.9 76.6 
Libraries 9.9 N.A. . 42.2 N.A. 
Employment Security - 

- Administration 18.0 N.A. 33.6 N.A. 
Financial Administration 12.6 19.0 -< 4). 61.3 
General Control 31.6 45.4 38.2 62.8 
Local Utilities ~ 7.0 14.8 38.0 76.2 
Private-Nonfarm -~ 14.2 27.9 31.4 50.5 
Private-Manufacturing 7.4 18.8 28.7 44.8 


Source: Derived from data found in various issues of Public Employment and Handbook of ` 
Labor Statistics. The private figures are percentage changes in total payroll employment 
and average hourly earnings of nonsupervisory employees. 


governments can command, an increase in 


the relative price of a public service should . 


lead to a substitution against that service. 
Thus, it is not obvious, a priori, that the 
wage elasticities of demand for all cate- 
gorjes of state and local government em- 
ployees are inelastic. 

The primary purpose of this paper is to 
present empirical estimates of the wage 
elasticities of demand for different cate- 
gories of state and local government em- 
ployees. The employment demand equa- 
tions that are estimated are derived from a 
utility maximization model of state and 
local government behavior. After present- 
ing this model in the first section, we next 
briefly discuss the data used in the study. 
The structural system of demand equa- 
tions is then estimated using pooled time- 
series and cross-section information, with 
annual individual state data as the units 


of observation. A number of alternative 
estimation methods are used in the analy- 
sis. Parameter estimates obtained frcm the 
model are utilized in the final section to 
simulate the disemployment effects of dostu- 
lated future relative wage increases for 
individual classes of state and local gov- 
ernment employees, as well as increases for 
all classes relative to the private sector. 
Our estimates indicate that statistically 
significant negative wage elasticities of de- 
mand exist for almost all functiona. cate- 
gories of state and local government em- 
ployees. However, these elasticities do ap- 
pear to be inelastic and consequently the 
simulated disemployment effects are quite 
small. Thus, while there is evidence that 


- state and local government decisior mak- 


ers respond to market forces in choosing 
their employment portfolios, these re- 
sponses do not appear to be sufficiently 


Ea 
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strong to limit the size of real wage in- 


creases which state and local government 
employees may seek in the future. 


I. Theoretical Structure 
Abstracting from the myriad of state 


and local government bodies within a 


state, we consider a single decision-making 
unit which is assumed to determine the 
allocation of state resources between public 
and private production and also the per 
capita level and functional distribution of 
state and local government employment. 
Employing a “utility-tree” approach, let 


the utility function of this unit be written ` 


aS 

ye U= 
privately publicly 

ET produced „ | produced 
goods and goods and 
services services — 


' The decision-making body is assumed to 
derive utility from the various categories 
of public services, with the per capita ser- 
vice flow from each category being propor- 
tional to the per capita category employ- 
ment level. At each point in time, for any 
function, the factor of proportion is as- 
: sumed constant across states. Hence, we 
are implicitly assuming no quality differ- 
entials within an employment category 
across states and, since state price indices 
for the “cost of capital’ do not exist, we 
have also ignored the possibility of sub- 
stituting capital for labor. 

Specifically, suppose that the branch 
‘utility function (V2) is of the form,‘ 


1 A specie member of this class of utility functions i is 
the Stone-Geary utility function, 


U(M) = = ay log (= — SN a: > 0, 
Richaré Stone, Richard Parks, and Robert Pollack and 


Terrance Wales utilize this utility function to derive 
and estimate consumer demand functions. 


> a, = 1 


keel 
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M; > 6; for all7 


Here, M,is the full-time equivalent state 
and local government employment level of 
the Atk functional category, b+ is the mini- 
mum required number of type k employ- 
ees, P is the state population, and there are 
n functional employment categories. 

The minimum required employment 
levels are introduced because state and 
local government decision making is often 
alleged to be conducted on an incremental 
basis, with previous departmental budgets 
or employment levels taken as given.® To 
allow for this possibility we assume, in a 
manner analogous to that of Pollack and 
Wales, that the minimum required number 
of employees in a category is proportional 
to the lagged category employment level. 


(3) b= oMr , OS a <1, 


k=1,2,...,n 


Employment decisions are strictly incre- 
mental if the a, are all unity, while the 
entire employment portfolio is a decision 
variable if all the œ, are zero. Intermediate 
values indicate that the category employ- 
ment levels can be cut to some extent. An 
interpretation of (2) and (3) is then as fol- 
lows: For any level of budgeted funds, the 
decision-making body first makes expendi- 
tures for the minimum required numbers 
of employees and then with the remaining 
budgeted funds, chooses the increments to 
these employment levels so as to maximize 


'Tra Sharkansky and the references cited therein 
present evidence that agencies are seldom cut below 
their pre: vious levels of appropriations. However this in 
itself is not evidence of incremental budgeting, for with 
growing state and local government budgets it is con- 
ceivable -hat the appropriate marginal conditions would 
dictate that all agencies be. expanded anyway. | 
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the branch utility function (V#) which 
depends only on the per capita increments. 

Suppose that ‘the decision makers seek 
to maximize the “higher-level” utility 
function (1) subject to a constraint that 
involves total available resources in the 
state, here assumed to be a function of per 
capita personal income. and per capita 
grants from the federal government, and 
the prices of the various individual pub- 
licly and privately produced ‘services. If 
we further assume that the higher-level 
utility function is strongly separable, 
which requires that the marginal rates of 
substitution between different categories 
of public services be independent of “‘con- 
sumption” levels of privately produced 
services, then Robert Strotz has shown 
that the decision makers will optimally 
follow a two-stage process.® First the ex- 
penditure levels for each aggregated branch 
(public vs. private) will be selected with 
the resources allocated to each branch 
being a function only of the total resources 
available and the aggregate branch price 
indices. Then expenditure levels for spe- 


cific commodities, in either the public or. 


private branch, will be determined as func- 
tions‘of the total own branch expenditure 
level and the specific prices of all com- 
modities within the branch alone. 


If we assume that the per capita total _ 


state and local government employment 
budget in a state is approximately propor- 
tional to the per capita “public branch 
allocation,” the above suggests that it is 
reasonable to specify the per capita total 
employment budget (B/P) as being deter- 
mined by,’ 


6 As we have already indicated in our introduction, 
the strong separability assumption is not strictly valid as 
many services produced in the public sector have viable 
private substitutes. Furthermore, privately produced 
but publicly purchased services would be included in 
branch A. Nevertheless, the assumption is useful in 
that it provides an analytic foundation for (4). 

1 Decisior. makers are viewed in (4) as having suf- 
cient flexibility so that even grants tied to specific func- 
tions serve to increase the total employment budget, 
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(4) log (B/P) = So + Silog (RW) 
+ S2 log (G/P) + S: log (Y/P) 


Here Y/P is per capita personal income, 
G/P is per capita grants from the federal 
government to state and local governments 
in the state and RW is a measure of the 
average relative cost of publicly produced 
to privately produced goods and services. 
For empirical purposes RW is defined as 
the ratio of average monthly earnings of 
state and local government employees to 
the comparable figure for manufacturing 
production workers in the state. 

Once the per capita total employment 
budget is determined, the decision makers 
choose the per capita level and functional 
distribution of state and local government 
employment by maximizing the branch 
utility function (2) subject to (3) and the 
constraint that the total employment 
budget be exhausted. 


(5) >) Wi(M, — br) = B — >) Web, 
kes] k=l 
W, is the monthly payroll cost per em- 
ployee of the kth category. Assuming that 
the customary regularity conditions hold 
for (2), its maximization subject to (3) and 
(5) yields a general system of category 
employment demand equations. 





M aM; | 
Go fo RW Wiros Wa 
P P 
(2 =s. Wia Mi) / P) 
k=i i 


7=1,2,...,n 
In our empirical work (6) is approxi- 


rather than only the specific category budget. More- 
over, matching grants are assumed to have only income 
and not price effects. A long literature exists (for ex- 
ample, Edward Gramlich and David Smyth) which 
neither conclusively support nor refute these assump- 
tions. Federal grants are also treated as being exogenous 
for our purposes. Our formulation is dictated by data 
considerations and the particular functional form is 
chosen for analytic convenience. . 
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mated by the following system of log- 


linear employment demand equations.® 


t t--1 
f (= a;M; 
P 





) = bobby log Me 


+b log (2- >. Wrak w) e 
keal 


+ y cr; log SDR 


R1 


j=1,2,..., A 


To avoid sche of severe multi- 
collinearity, (7) excludes all wage variables 
except the employment category’s own 
wage. Furthermore, since it is erroneous to 
specify that the relative importance of the 
various services are constant across states 
or within a state over time, the system 
includes as explanatory variables those 
sociodemographic variables (SDR) that 
are expected to influence the decision 
makers’ tastes for the various services.’ On 
the basis of data availability and prelimi- 
nary experimentation, the variables uti- 
‘lized are the state population density 
(SD1), the proportion of the state popula- 
tion ages 5-17 (SD2), and the proportion 
of the state population over age 65 (SD3). 
The system of x+-1 equations contained in 
(4) and (7) is estimated in Section III.!° 


8 The specific utility function found in fn. 4 leads 
directly to the system of demand equations in (7), with 
the further restrictions that b;;=—1 and 8,;=1 for all 7. 
Since we are primarily interested in ascertaining the 
magnitude of the wage and employment budget elas- 
ticities of demand, these restrictions are not imposed in 
the estimation and the specific functional form of the 
utility function is not assumed a priori. However, we 
emphasize that (7) must then be regarded only as an 
approximation to a true system of demand equations. 

Note that if government employers face positively 
sloped labor supply curves, the wage elasticities esti- 
mated from (7) will be biased in a positive direction. 
Orley Ashenfelter presents evidence, however, that the 
aggregate supply of labor to the state and local sector is 
highly elastic and thus this bias is likely to be small. 

3? For example, we would expect the age distribution 
of the population to effect the relative importance to 
the decision makers of educational employment. Simi- 
larly population density will influence the relative im- 
portance of police employment. 

10 Į also estimated a variant of (7) which substituted 
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II. The Data 


Published data allow -us to consider 
eleven functional categories of employees 
and to pool time-serles and cross-section 
information, with -annual individual state 
data during the 1958-69 period as the 
units cf observation." Full-time equivalent 
state and local government employment 
has been reported by function and state 
since 1953, however the number of func- 
tiona. categories reported declined grad- . 
ually from nineteen in 1969 to ten in 1953. 
Thus increasing the length of the time 
period under consideration can be done - 
only at the expense of aggregating cate- 
gories. 

The choice of 1958 as the initial year 
was made on pragmatic grounds; by the 
availability of data on per capita federal 
grants to state and local governments. 


‘Referring to Table 1, this required that 


sewerage and other sanitation employment 
be aggregated into a sanitation category 
and financial administration employment 
be inchuded with general control. Due to 
the similarity of functions performed by 
the two categories in each of these aggre- 
gate groups there appeared to be obvious 
reporting errors over time within several 
states (for example, the ratio of financial 
administration to general control employ- 
ment :n a state fluctuated widely over 
time, while the total of the two and their . 
relative wage remained fairly constant). 
Hence both of these aggregations appeared 
to be dzsirable on a priori grounds. Finally, 
I constructed a miscellaneous all others 
category that included parks and recrea- 
tion, correction, library, employment se- 


the category wage relative zo the average wage for all 
state and local government employees in the state 
(W;/W-) for the category own wage (W;). The esti- 
mates were similar in nature to those obtained using 
specification (7) and are omitted here for brevity. See 
Ehrenberg, chs. 4 and 5. 

1 The variables used in the study are constructed 
from published data found in the U.S. government pub- 
lications which are listed in the references. 
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curity administration, local utility, state 
liquor store, and all other state and local 
government employees not explicitly con- 
tained in any of the categories listed in 
Table 1.” 

All of the variables expressible in dollar 
terms were deflated by the national con- 
sumer price index to. obtain real values; 
unfortunately no individual state price 
indices exist and we were unable to control 
for interstate price differences. The aver- 
age monthly payroll cost per man variable 
was derived by dividing full-time equiva- 
lent employment into total monthly pay- 
roll. In 1964 the reported full-time equiva- 
lent employment variable was rounded to 
the nearest 100 employees, which induced 
large errors in the wage variable for small 
states and/or relatively small functional 
employment categories. Consequently, data 
from 1964 was eliminated from the sam- 
ple. Finally, no data’ was reported: for 
Alaska or Hawaii in 1958 and 1959. The 


final sample thus consists of 546 state-year 


observations. 


III. Empirical Estimates 


This section presents estimates of the 
demand for state and local government 
employees. We first briefly discuss esti- 
mates of the derived reduced form model, 
when the minimum required employment 
level for each class is assumed to be zero, 
and consider the legitimacy of aggregating 
the data across years. Maintaining the 
same assumption, we next present esti- 
mates of the structural model utilizing the 
pooled: data. Finally, the incremental bud- 
geting model is estimated under a restric- 
tive set of assumptions. 


£ For a description of the type of junctions performed 
by employees in each category and an attempt to use a 
clustering procedure to determine the appropriate ag- 
gregated groups, see Ehrenberg, ch. 3. A more complete 
description of the methods of, and problems involved in 
constructing the variables utilized ir. the study is also 
found there. 
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Estimates of the Reduced Form aad 
Tests for Aggregation Bias 


Initially we assume that the mimimum 
required employment level for eack class 
of employees is zero; that the decision 
maker is free to choose the entire employ- 
ment portfolio each period. Substituting 
(4) into (7) yields the reduced form system 
of demand equations. This system: was 
estimated in three different ways by ordi- 
nary least squares: First, separately for 
each year in the sample using cross-section 
data. Second, using the pooled data for all 


‘years. Third, using the pooled data with a 


set of zero-one dummy variables included 
to allow the intercept term to vary over 
time.}8 . 

In general, the estimated coefficients of 
the economic variables in the individual 
year cross-sections, especially the wage 
elasticities, were statistically insignificant. 
In those cases that a particular coefficient 
was significant, it tended to vary widely 
across years. This clearly points oat the 
dangers inherent in drawing conclusions 
froma single year’s cross-section study. 

As expected the estimates based upon 
the pooled data were vastly superior in 
terms of the signs and statistical signifi- 
cance of the key economic variables.* 
However one may question the legitimacy 
of aggregating the data across years. Using 
the sum of squared residuals obtained from 
the individual year and pooled regressions, 
F-statistics were calculated to test for the 
possibility of aggregation bias? Specifi- 


8 The intercept dummy variables are include: to cap- 
ture intertemporal productivity variations, since if the 
productivity of state and local government employees 
varies over time, the demand for each category will also 
vary, ceteris paribus. Inasmuch as their inclusion did not 
significantly alter the estimated wage elastizities of 
demand, the intercept shift variables are not uzilized in 
the subsequent analysis. . 

“ For brevity, these estimates are not preser ted here 
since an analysis of them would be quite similar to that 
of the structural estimates. 

18 See Frank Fisher. 
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cally we consider two null hypotheses here: 


(1) That the entire set of reduced 
form coefficients is identical across years 
for each category. 


(2) That the entire set of reduced 


form coefficients except the intercept is 
identical across years for each category. 


For six of the eleven functional cate- 
gories the null hypothesis that the entire 
set of reduced form coefficients is equal 
across years was rejected. Furthermore, 
the rejection was not due solely to the 
intercept term varying; in four of these six 
cases null hypothesis (2) was also rejected. 

For pragmatic reasons once again, we 
will continue to utilize the pooled data in 
what follows. However, our results must 
be qualified by noting that for about half 
of the categories information will be lost 
by the aggregation. Our simulations in the 
next section will be based in these cases 
upon estimated average elasticities which 
may differ from the marginal elasticities 
which we would obtain if significant coeffi- 
cients could be derived from the individual 
year cross-section regressions. __ 


Structural Estimates— 
No Incremental Budgeting 


To estimate the structural model, we 
first estimate (4) to obtain an estimated 
per capita total employment budget 
(B/P) and then use this as an instrumental 
variable in the estimation of (7). More- 
over, if the employment budget is fixed, a 
positive residual in spending for one func- 
tional category must be offset by a nega- 
tive residual in some other category. Due 
to the contemporaneous correlation of 
residuals across equations in (7), one 
would expect three-stage least squares 
estimates (3SLS) to be asymptotically 
more efficient than two-stage least squares 
estimates and the former method is used 
below.} 


is Two-stage least squares estimates of (7) differed 
only marginally. 
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Utilizing the pooled data, estimation of 
(4) vielded the following (where the num- 
bers in parentheses are absolute t-values). 


(8) leg (B/P) = — 4.120 + .315 log (RW) 
| z (21.48) (7.87) 


+ .222 log (G/P) 
(17.32) : 
+ .753 log (Y/P) 
(28.60) 
R? = .754 


The less than unitary elasticity for RW 
indicates that, ceteris partibus, an increase 
in the average wage of public employees | 
relative to private sector wages will cause . 
a disemployment impact as the per capita 
total employment budget would increase 
by a smaller percentage. As indicated in 
Sectioa IV, however, this impact may be 
partia_ly offset if the resulting adjustments 
in the labor market lead to an increase in 
per capita income. Furthermore, to simu- 
late the estimated impact on each cate- 
gory’s employment level, requires estima- 
tion or the complete system. 

The 3SLS estimates of (7) obtained 
under the assumption that the minimum 
required employment levels are all zero, 
are presented in Table 2.” The own wage 
elastiaties are negative and statistically 
significant in all cases, save for the miscel- 
laneovs all other category.!® Except for the 
public welfare category these elasticities 
are all significantly less than unity. Thus, 
as conjectured by many, the partial wage 
elasticities of demand for public employees 
do appear to be primarily inelastic.'? Note 


however, that even the “essential services” 


police and fire protection have significant, 


17 Tre standard errors of these estimates are asymp- 
totic estimates, hence the “tests are only asymp- 
totically valid and should be interpreted heuristically. 

18 Given the heterogeneous nature of the functions 
perform2¢ by employees in the latter category, the 
insignijcant elasticity is net unexpected. 

18 They are partial elasticities because they do not 
consider the impact on the employment budget equa- 
tion of gn increase in a category’s wage. 
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TABLE 2—3SLS Estrmates—PooLep DATA’ 


Loc-LinEAR EQUATIONS 


Dependent variable = 
(M,/P) W; (B/P) SD1 SD2 SD3 
Education — 425 - 730 — .055 183 
(8,89) (16.61) (10.98) (3.95) 
Highway — 594 AAI — .160 
(11.55) (8.04) (27.48) 
Public Welfare —1.001 1.569 .029 .289 
(10.58) (19.25) (2.93) (6.72) 
Hospital — .410 571 .058 .353 
(9.86) (7.87 (5.64) (8.67) 
Health _ 279 „684 — 36 
(4.08) (9.06) (9.88) 
Police — 281 £7195 .064 
(5.73) (16.08) (11.35) 
Fire — 271 -850 .133 
(5.65) (12.95) (15.39) 
Sanitation. — 504 .593 141 
(7.55) (6.45) (12.25) 
Natural Resources ~~ .530 -282 — .334 
(5,76) (3.19) (36.21) j 
General Control —~ 316 820 — ,072 
(7.49) (19.53) (14.23) 
All Other .067 . 740 .908 
(1.18) (12.68) (1.16) 


Noles: M;/P =per capita full-time equivalent state and local government employees of 
category j. 

G/P =per capita federal grants to state and local governments, in real terms. 

Y/P=per capita personal income in real terms. 

B/P =per capita total employment budget for state and local government em- 
ployees, in real terms. 

W;=average monthly payroll cost per full-time employee in category 7, in real 
terms. 

RW =ratio of average monthly payroll cost per man of all full-time state and 
local government employees to average monthly earnings of manufacturing 
production workers. 

SDi=population density 

SD2=proportion of the population ages 5-17. 

5D3=proportion of the population, age 65 and up. 

Sources: Derived from data in U.S. Bureau of Census, Estimates of the Population of 
States by Age, CRP Series P-25 (various issues); Government Finances (various issues); 
Public Employment (various issues); Statistical Abstract of the United States, 1969; Hand- 
book of Labor Statistics 1970; Survey of Current Business (Apc. 1965, Apr. 1970). 
® The number of state-year observations-for all equations is 546; 11 years (1958-63, 
ù 65-69) times 50 states minus the observations for Alaska and Hawaii in 1958 and 1959. 
b Absolute ¢-values are shown in parentheses. 
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although small, wage elasticities of de- 


mand, The estimates of the per capita- 


employment budget elasticities are all 
positive and statistically significant. 

With respect to the sociodemographic 
variables, population density appears to 
be negatively related to education, high- 
way, natural resource, and general control 
employment. The latter relationship may 
reflect the substitution of capital for labor 
that is possible in large scale clerical and 
administrative operations. This variable 
is also positively related to public welfare, 
hospital, police, fire, and sanitation em- 
ployment. Several plausible factors relat- 
ing to the relationship between population 
density and the costs and benefits from 
these services may explain the signs of 
these coefficients. 

As expected, the proportion of the popu- 
lation between the ages of 5 and 17 is posi- 
tively related to educational employment 
and the proportion of the population older 
than age 65 is positively related to public 
welfare and hospital employment. The 
negative relationship between the propor- 
tion of the population older than age 65 
and health employment may be due to the 
preventive nature of many of the services 
in this category (for example, school im- 
munization programs); services which are 
not directed primarily at the aged.”° 


2 Two extensions of the analysis that were conducted 
warrant brief reporting: First, regardless of .whether 
state and local government decision making is actually 
governed by an explicit utility maximization framework, 
it seems desirable to use an econometric approach in 
which the sum of the estimated payroll expenditures 
across categories adds up to the estimated total em- 
ployment budget. This can be expressed as the Engel 
aggregation condition, that the sum of the per capita 
employment budget (B/P) elasticities of demand, 
weighted by their respective category proportions of 
total payroll expenditures, be unity. Formal F-tests of 
this restriction for thé estimates of (7) reported in 
Table 2, utilizing 1969 national average category expen- 
diture weights, indicated that the weighted sum was sig- 
- nificantly less than unity. Consequently, the system (7) 
was reestimated using a restricted 3SS technique (see 
Henri Theil), with the Engel aggregation condition 
impcsed as a constraint. The restricted wage elasticities 
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Structural Estumates— 
Incremental Budgeting 


To identify the az coefficients that ap- 
pear in (7) requizes either a method which 
allows non-linear constraints to be placed 
on parameters across equations or an itera- 
tive procedure. Software limitations pre- 
verited the former and to iterate over eleven 
coefficients searching for maximum-likeli- 
hood sets of estimates would have proven 
prohibitively expensive. Consequently, we 
adopt a second best procedure and assume 


-that the minimum required proportion of 


last period’s per capita employment level. 
(as) is the same for all functions (a). While 
this assumption might be justified by 
arguing that all egencies apply equal pres- 
sure on decision makers to preserve their 
sizes, its main justification is in its analytic 
convenience. 

Because the system (7) is log-linear, one 


cannot shift the (aM@!"/P) variable in 


each equation tc the right-hand side and 
thus the dependent variable will vary as a 
varies. Hence, we were unable to follow a 
procedure similar to that used by other 
investigatcrs, of choosing the value of a. 
which minimizes the sum of squared re- 
siduals in (7) across all eleven equations, 


of demand differed only marginally from the un- 
restricted escimates, except the elasticity for educational 
employment which doubled in magnitude. The employ- 


~ ment budget elasticity for education also increased sub- 


stantially; intuitively this was expected to occur as the 
expenditure weight on education is over 50 percent. The 
emp-oyment budget elasticities for the other categories 
increased only marginally. 

Second, the dangers inherent in inferring time-series 
responses from pooled cross-section time-series data are 
well known. While the lack of degrees of freedom gen- 
eraily led to statistically insignificant coefficients when 
the system (4), (7) was estimated separately for each 
individual state using the short time-series 1958-63, 

5-69; these statistically insignificant individual state 
time-series ccefficients were used to perform non- 
parametric tests to ascertain if the wage elasticities of 


` demand for each category appeared to be “primarily” 


negative as postulated. Such tests (Ehrenberg, ch. 4) 
supported this hypothesis for most of the categories. 
See Alexander Mood and Franklin Graybill, p. 403-25 
for the basis o: the nonparametric test used. 
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TABLE 3--3SLS ESTIMATES—INCREMENTAL BUDGETING MopEL® 


LOG-LINEAR EQUATIONS 


é 
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$ 


a=.5 
Dependent variable . 
(Mj/P)— .5(M;7"*/P) W; . (B/P)> SDI SD2 SD3 
Education —.175 .037 — .085 .170 
(3.15)¢ (6.01) (11.09) (2.43) 
Highway — .635 394 — 176 
(14.23) (8.02) (25.54) 
Public Welfare — .338 , 888 — 008 452 
(3.65) (10.49) (.64) (7.98) 
Hospital —.516 223 .038 .379 
(7 .42) (2.41) (2.80) (6.74) 
Health — .300 .608 — ,405 
(4.27) (7.56) (8,29) 
Police — .023 451 .028 
(.45) (8.23) (3.77) 
Fire — .240 .638 .098 
(3.37) (8.11) (8.59) 
Sanitation — .539 .239 131 
(7.54) (2.49) (9.56) 
Natural Resources — .602 .278 — 343 
(6.37) (3.12) (28.57) 
General Control — 099 .480 — 101 
(1.64) (8.32) (12.36) 
All Others 261 .320 — .023 
(4.39) (4.68) (2.41) 
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* For number of observations, sources of data, and definitions, see Table 2. 
b In this table (B/P) is used as a short-hand notation for 


(B/P)—.5 $ WMS P) 


e Absolute /-values in parentheses. 


time periods and states.” Rather, 3SLS 
estimates of the system were derived for a 
set of. values of a and it was heuristically 
determined that the minimum required 
proportion (a) lies in the range 0.0 to 
0.5.% For values of œ which fall in this 
range, disemployment effects of postulated 
future relative wage increases are simu- 
lated in the next section. Since these esti- 
mates are tolerably stable over the range 


"t See, for example, Stone. 


of values, it is unnecessary for us to choose 
a ‘‘statistically optimal” estimate for a. 

For comparison purposes, estimates of 
(7) when a was assumed to equal .3, are 
presented in Table 3. In general as æ in- 
creased from 0 to .5, the employment 
budget elasticities decreased; however, 
there was no uniform pattern of change for 
the own wage coefficients. 


# The system (7) was estimated as œ varied from 0.0 
to 0.9 in steps of 0.1. Two criteria were used. in our 
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IV. Implications For Public Policy 


The impact on per capita full-time 
equivalent state and local government 
employment in each functional category 
of an increase in the category real wage 
can be simulated using the parameter esti- 
mates described in the previous section. 
We consider two cases here :?4 


A. The real wage of a functional 
category of state and local government 
emplovees increases relative to all other 
emplovees’ real wages and nonlabor real 
personal income. 

B. The real wages of all state and 
local government employees increase pro- 
portionately, relative to all other employ- 
ees’ real wages and nonlabor real personal 
income. 


For both cases, we calculate the fotal 
own wage elasticity of demand for each 
functional employment category, which 
consists of two components. First, the 
direct partial elasticity, based upon the 
estimated own wage (W;) elasticities ob- 
tained from the individual category em- 
ployment demand equations. Second, the 
indirect effect, which operates through the 
impacts of an increase in the class wage on 
the relative cost of publicly to privately 
produced services (RW) and on per capita 
personel income (Y/P) in the per capita 
total employment budget equation. Since 
the per capita total employment budget 
(B/P) tends to increase due to these im- 


heuristic evaluation of which values of æ yielded plaus- 
ible estimates. First, as observations were eliminated 
from the sample when !;/P—aM‘—'/P was negative 
for any category, what proportion of the original num- 
ber of observations remained in the sample for each 
value of a? Second, for each value, what proportion of 
the wege and employment budget elasticities were sta- 
tistically significant and of the anticipated sign? Details 
of this analysis are also found in Ehrenberg, ch. 4. 

*3 Tt is easily seen that b; and be; in (7) represent the 
steady-state wage and employment budget elasticities, 
respectively. 

*4 Several additional cases are considered in Ehren- 
berg, ch. 5. 
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pacts, as long as an employment category 
has a positive employment budget elas- 
ticity, its total wage elasticity will be 
smaler in absolute value than the partial 
elasticity.” Moreover, ceteris paribus, the 
larger the partial wage elasticity, the 
smaller the employment budget elasticity, 
and the smaller the share of the total em- 
ployment payroll spent on the category, the 
larger in absolute value will be the total 
wage elasticity. Hence, the larger will be 
the disemployment impact that would 
result from an increase in the class wage. 

Differentiating the system (4), (7) with 
respect to the real wage of each class, one 
can derive formulae for the total own wage 
elast-cities of demand for the two cases 
considered.” In addition to the parameter 


estimates obtained from the estimation of 


(4) and (7) these elasticities are seen to 
depend upon the fraction of the employ- 
ment budget initially spent on each cate- 
gory, the proportion of personal income 
earned by state and local goverment em- | 
ployees, the ratio of per capita total state 
and local government employment lagged 


4 Ar increase in state and local government em- 
ployezs’ wages would lead to the following set of adjust- 
ments in the labor market; a decline in state and local 
government employment (the impact which we seek to 
estimate) and an increase in the level of unemployment 
and/cr an increase in the supply of labor to the private 
sector, resulting in lower wages but greater employment 
there. To the extent that private’sector wages and em- 
ployment do not change (perhaps due to wages which 
are infl2xible in a downward direction), per capita per- 
sonal income would increase as long as the demand for 
state amd local government employees is wage inelastic. 
Our simulations ignore the adjustments that would 
occur in private sector wages and employment (i.e., 
they zsume a private sector wage elasticity of unity), 
and may to a minor degree overstate the impact of pub- 
lic employee wage changes on per capita personal 
income As a consequence, the total elasticities pre- 
sented :n Table 4 may be slightly biased towards zero. 
However, since the partial elasticities provide an abso- 
lute upper bound for the tctal elasticities, our main con- 
clusions would be unaltered. The simulations also as- 
sume that per capita federal grants are unrelated to 
state and local government employees’ wages. 

2 The formulae and their derivations are available 
upon request from the author. 
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one year to the current total, and the com- 
parable ratio for per capita employment 
in each category. National average values 
for each of these variables in 1969 are used 
in the simulation. 

Substitution of these values and the 
necessary parameter estimates obtained 


from the estimation of (4) and (7) into the . 


derived formulae, yields empirical esti- 
mates of the total own wage elasticities of 
demand. These are calculated for seven 
different sets of estimates of (7).” In 
Table 4, for each functional category and 
case, we Indicate the interval over which 
the seven sets of estimates varied. It 
should be emphasized that these do not 
represent statistical confidence intervals, 
rather they indicate only the sensitivity 
of the total elasticities to the value of a 
utilized. The short-run elasticities reported 
in Table 4 refer to the impact in the first 
year, while the long-run elasticities in- 
dicate the steady-state solutions. The 
two are identical when a=0. 

Considering first case A, in which em- 


ployees in a functional category succeed, 


in pushing up their real wages relative to 
all other employees and nonlabor personal 
income, the estimates appear to be toler- 
ably stakle for each category, except 
education and public welfare. Moreover 
in all cases, save perhaps public welfare, 
there is no doubt that the total own wage 
elasticities are inelastic. A 5 percent in- 
crease in the real wage of a class would, 
ceteris paribus, decrease per capita full- 
time equivalent in the class by less than 5 
percent. Furthermore, since population 
growth has averaged more than 1 percent 
a year, the category decline in total full- 
time-equivalent employment would be 
even smaller. 

Due to the fact that an increase in any 


27 These estimates correspond to values of a assumed 
. equal to 0 (Table 2), 0O—restricted estimates, .1, .2, .3, 
and .4 (all not presented here for brevity), and .5 
(Table 3). 
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TABLE 4—DISEMPLOYMENT Impact SIMULATIONS: 
INTERVAL ESTIMATES OF TOTAL 
Own WAGE ELASTICITIES 





Category Short Run Long Run 

A, 

Education — .56, —.09 — .57, —.08 
Highway — ,§9, —.32 — .64, —.44 
Public Welfare —1.13, —.18  -—1.13, —.33 
Hospital — .46, —.26 — .31, —.30 
Health — .31, —.16 — .32, —.26 
Police — 31, —.02 — .35, —.01 
Fire — .28, —.12 — .31, —.23 
Sanitation — .57, —.28 — .56, —.40 
Natural Resources — .59, —.29 — .60, —.39 
General Control — .34, —.05 — .34, —.09 
All Others .03, 16 .30, .29 
B. 

Education — ,36, .04 — .36, .02 
Highway — .42, —.04 — .48, —.26 
Public Welfare — .46, .46 — .46, —.00 
Hospital — .19, —.06 — .42, —.15 
Health — .02, .28 — .06, —.01 
Police .00,  .30 .00, 215 
Fire 03, .34 — .03,  .13 
Sanitation — .29, —.07 — .45, —.25 
Natural Resources — .44, —.09 — .49, —.14 
General Control — ,02, .28 — .03, .08 


All Others 30, 42 30,  .45 





class wage increases the sum of the com- 
mitted employment expenditures, all par- 
tial cross-wage elasticities of demand are 
negative in the short-run for case A. How- 
ever, in most cases the magnituces of 
these partial cross wage-elasticities are ex- 
tremely small, often less than —.001.?° 
Furthermore, when we consider the in- 
direct impacts through the total employ- 
ment budget equation, the short-run total 
cross-wage elasticities are seen to be pri- 
marily positive and in the long-run they 
are all positive. 

Turning to case B, in which all state 
and local government employees’ real 
wages increase proportionately relative to 
all other employees’ wages and nonlabor 
personal income, the estimated disem- 


28 For example, when a=.5, only 6 of 11C partial 
cross-wage elasticities of demand were greater than .1 
in absolute value with all referring to employment 
responses to changes in the education wage. 


378 


ployment effects are now all smaller. Inas- 
much as a proportionate state and local 
government employee wage increase re- 
moves the incentive to substitute across 
functional categories, this result was ex- 
expected. Those elasticities that remain 
negative are all inelastic; however, several 
of the intervals now contain zero and a 
few of the estimated elasticities are even 
always positive. For example, in the long 
run, police, fire, general control, and the 
miscellaneous all other category, all ap- 
pear to have positive total wage elasticities 
of demand. 

These results suggest that while state 
and local governments do respond to 
market forces in choosing their employ- 
ment portfolios, these market forces do not 
appear to be sufficiently strong to limit 
the size of real wage increases which state 
and local government employees may 
seek in the future. They also suggest that 
employees in each functional category 
have a stake in the economic well-being of 
members of all the other categories, as 
each category can minimize the potential 
employment losses of their members by 
seeking to increase the real wages of all 
categories, rather than merely their own 
real wage. Consequently, continual careful 
consideration, on both sides, should be 
given to the evolving structure of collec- 
tive bargaining in this sector.” 
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Quarterly Models of Wage Determination: 
Some New Efficient Estimates 


By J. C. R. Rowrey anD D. A. Wizton* 


The concept of stable Phillips curves 
and their economic implications have 
been the subject of a series of disputes in 
recent years. Since Phillips introduced his 
simple disequilibrium model, empirical 
research in the field of wage determination 
_ has indicated a wide spectrum of explana- 
tory variables which expands and con- 
tracts almost randomly in published 
studies. Apart from this difficulty in 
specification, the intertemporal instability 
of estimated coefficients for Phillips curve 
variants is particularly disturbing.’ In ad- 
dition, the theoretical bases for many of 
these variants are unclear and several 
economists have participated in a neo- 
classical counter-attack on the existence 
and stability of Phillips curves from a 
theoretical viewpoint. 

The objectives of this paper are to ex- 
amine the consequences of certain invalid 
statistical procedures which are employed 
in many of these studies and to provide 
some empirical evidence of their effect. In 
particular, we focus attention on the im- 
plications of the aggregative procedure 
which provides the basis for the use of a 
“four-quarter overlapping change” repre- 
sentation of the dependent variable in 


* Economic Council of Canada and Statistics Canada, 
respectively. We are indebted to the Canadian Depart- 
ment of Labour for research support and to the Insti- 
tute for Economic Research at Queen’s University. 

i For exaraple, in our attempts to reproduce the esti- 
mates of the study by Bodkin et al., we mistakenly 
added two additional observations to our initial sample. 
The estimated coefficient of the unemployment term 
increased from 10.4 to 17.3. For further evidence of the 
inherent temporal instability of Phillips curve variants, 
see Levy and Perry, pp. 72-84. 

2 See the studies by Phelps et al._ 
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quarterly studies of wage determination 
and, also, for the use of moving-averages 
of explanatory variables. A partial list of 
studies which make use of these specifica- 
tions would include the following works: 
Paul Anderson, Ronald Bodkin et al., 
George de Menil, Leslie Dicks-Mireaux 
and Christopher Dow, Otto Eckstein, 
Michael Evans and Lawrence Klein, John 
Helliwell et al., Klein and James Ball, 
Edwin Kuh, Michael Levy, Richard 
Lipsey and Michael Parkin, George Perry, 
Edmund Phelps, Gale Pierson, Grant 
Reuber, Charles Schultze and Joseph 
Tryor, Norman Simler and Alfred Tella, 
and Wayne Vroman. ` 

Although these forms of variables are 
predominant in many studies, the im- 
plicaticns of the aggregative procedure for 
the error terms are usually either com- 
pletely neglected or represented by simple 
statements of “possible” problems which 
are not discussed further.’ Kuh’s assertion 
that “... artificial serial correlation is 
often introduced through the overlapping 
process which partially neutralizes the 
confidence to be placed in the larger t- 
coefficients” (p. 346) is rare in its explicit 
reference to the problem of autocorrela- 
tion. In the first section of the paper we 
present a set of assumptions sufficient for 

3 There are exceptions. For example, see Dicks- 
Mireaux end Dow, Sparks and Wilton, and Sargan. In 
addition, Kuh and Eckstein present models with both 
quarterly and overlapping annual changes in wage- 
rates which indirectly illustrate the nature of the prob- 
lem, The ase of quarterly changes reduces the problem 
of autoco-relation which we shall illustrate but intro- 
duces other difficulties. Student’s /-statistics are much 


lower for modeis of quarterly changes than for the 
models cf overlapping annual changes. 
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the specification of the ‘‘four-quarter over- 
lapping-change”’ model in wage analysis. 
Serial correlation in the error term is 
shown to be a necessary consequence of 
the model. However, if the collective ex- 
planatory variables can be calculated, 
then generalized least squares (GLS) es- 
timators can likewise be calculated for the 
coefficients as well as ordinary least 
squares (OLS) estimators. These two sets 
of estimators provide the data for our 
assessment of the effect of the aggregative 
procedure. 

Necessary .and sufficient conditions for 
least squares estimators to be fully ef- 
ficient despite the presence of autocorrela- 
tion, so that both standard errors and 
Student’s #-statistics are unaffected by it, 
have been established by William Kruskal, 
Sujit Mitra and C. Radnakrishna Rao, 
Rao (1967, 1968) and George Zyskind 
(1962, 1967). These statistical results need 
to be supplemented in particular analyses 
by empirical results since they indicate 
that optimality of least squares procedures 
may depend upon both the particular 
sample to be used and the weights adopted 
for the aggregative procedure. If the least 
squares estimates of coefficients are not 
optimal, conventional estimates of stan- 
dard errors and Student’s ¢-statistics are 
based on inappropriate formulae. How- 
ever, the parametric estimates remain un- 
biased and the inaccuracies of these 
formulae may be small. Their extent must 
be established empirically, although 
Benee Swindel and Geoffrey Watson 
(1955, 1967) provide theoretical accounts 


of bounds on these inaccuracies. Three - 


tables, which contain OLS and GLS re- 
sults for three different studies of wage 
determination, reveal that the use of these 
formulae leads to substantial errors in in- 
ference. | 

As a basis for discussion, the study by 
Perry provides an appropriate framework 
since it is one of the earliest and, perhaps, 
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best elucidated studies on the use of over- 
lapping annual changes in the context 
of quarterly data. We have presented a 
complete analysis of the general model of 
discontinuous wage changes elsewhere 
(1971) so only a brief statement of the 
set of sufficient conditions for the four- 
quarter overlapping change model will be 
presented below. Most of these assump- 
tions are either explicitly or implicitly 


. stated by Perry (pp. 30-31). 


I. The Model of Wage Determination 

(A1) Wages are set annually for all 
workers, and, once established, remain 
fixed until the next annual negotiation 
and settlement. 

(A2) The labor force is divided into 
four distinct groups on the basis of the 
quarter in which their annual wage ne- 
gotiations and settlements take place. 

(A3) The ratios of all seasonal groups 
in the labor force to the total labor force 
are constant. 

(A4) The percentage change in wages 
for each of the four seasonal groups is a 
function of the same set of explanatory 
variables with the same parameter values 
for each group. Explanatory variables (X) 
and error term (u) are dated in the quarter 
in which the wage negotiation and settle- 
ment took place (7). That is, 

h h 
Wi — Wid 
Te p ee = aX j + ub; 
Wj 
for 4=1,..., 4 and 7=hk+4s, where s is 
an integer and œ? is the wage rate for the 
hth group in the 7th quarter. 

(A5) The relative change in the ag- 
gregate wage rate is appropriately ap- 
proximated by a moving average for the 
relative changes in the wage rates of the 
four groups. The weights of this moving 
average are assumed to be equal,‘ where 

4 Critical discussions of this assumption are provided 


by Rowley and Wilton (1972b), Int. Econ. Rev., forth- 
coming. : 
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w, is the aggregate wage rate. 


We — Wes 


For statistical purposes, the model is 
completed by the specification of a list of 
explanatory variables and a distribution 
for the error term. Ignoring this latter 
ingredient, the final equation is the famil- 
iar one, with the overlapping annual 
wage change form of the dependent vari- 
able and fourth-order moving averages for 
the explanatory variables. However, the 
error term is likewise distributed as a 
moving average process with the same 
known weights. 


W, — Wi 3 , 
i E o( 20.25 xai) 


Wr 4 i=0 


8 
+ 270.25 ws 
i=0 

Let {wi} be a sequence of normally dis- 
tributed errors which are mutually inde- 
pendent and have constant, equal vari- 
ances. With this additional assumption 
and the knowledge of the known weights, 
the method of generalized least squares 
can be employed to calculate efficient es- 
timates of the coefficients of the explana- 
tory variables. As shown in our Appendix, 
knowledge of the weights indicates a trans- 
formation which can be used to adjust the 
equation so that the problem of autocor- 
relation is eliminated.® Then, the appro- 
priate estimates of the standard errors of 
estimated coefficients (based on unbiased 
estimates of their variances) and Student’s 
i-statistics can be calculated. 

In the absence of this adjustment, the 
OLS method yields biased estimates of 
standard errors and invalid Student’s t- 
statistics unless the sample fulfills the 
conditions given in the references cited 


5 A more detailed account is provided by Rowley and 
Wilton, Metroeconomica, forthcoming. 
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above Calculation of GLS! estimates 
permits us to observe how badly the OLS 
estimates are for the hypothetical model 
with a given sample. Note that even if this 
distribution of {u,} is inappropriate, as 
would be the case if the original errors for 
indiv-dual groups were autocorrelated, the 
results would remain of interest since they 
reveal the sensitivities of estimates to 
differeat specifications of the distribution 
for ezrors.’ Finally, notice that the ag- 
gregate error Is not generated by a first- 
order autoregressive process so the Durbin- 
Watson statistic is not an appropriate in- 
dicator of serial correlation and applica- 
tions of the popular Hildreth-Lu proce- 
dure “o correct for serial correlation” will 
not do so in fact.® 


II. Empirical Results 


Restlts for the model of Perry are sup- 
plemented below by additional estimates 
for the model of Bodkin et al. and the 
wage equation contained in the econo- 
metric model (RDXJ) of the Bank of 
Canace.’ The role anticipated for these 
supplernental results stems from the 
dange- that the inadequacies of empirical 
results for a single study might prove 
atypical. Although the use of three studies 
cannot eliminate this danger, we can 


6 GLS estimates are seldom calculated even if we have - 
precise knowledge of the process generating the errors 
because o? their computational burden. J. H. Wilkinson 
demonstrates how this burden can be substantially 
reduced by the efficient Cholesky technique in our par- 
ticular case of a moving average. 

7 Row_ey and Wilton (1972c) indicate suitable ap- 
proaches n the context of alternative distributions of 
the errors and wage-spillover effects between different 
micro-groups. 

8 Empirical evidence on the loss of efficiency which 
stems from this procedure is presented by Rowley and 
Wilton (1972a). 

9 Our cnoice of studies was affected by our back- 
ground ard by the accessibility of data. In the latter 
regard, we wish to thank the Bank of Canada and Steve 
Kaliski for making data available to us. Both of the 
additional studies employ different wage data and time 
horizons from ‘the study by Perry. 
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present conclusions with greater con- 
fidence than would be the case with a 
single study. 

Each of the following three tables are 
divided vertically into two sections. The 
first section contains OLS estimates based 
on inappropriate formulae for standard 
error and Student’s é-statistics (columns 
(1), (2), (3) for Table 1, columns (1), (2), 
(3), (4) for Table 2 and cclumn (1) for 
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Table 3), whereas the second section con- 
tains the appropriate GLS estimates on 
the assumption that the errors follow the 
distribution cited. Student’s ¢-statistics 
are presented in parentheses below each 
estimated coefficient. To clarify exposi- 
tion, the calculated numbers for the OLS 
estimates of Student’s statistics are 
prefixed by the term “pseudo” since we 
have reason to believe that they are based 


TABLE 1—PERRY WAGE EQUATIONS For U.S. MANUFACTURING INDUSTRY 
(1948 IT-1960 TIT) 


(2), (S) 
(3), (6) 


Ordinary Least Squares? 


duction workers for total, durable, and nondurable manufacturing 
W-«)/We] 


C11 = Four-quarter moving average of one-quarter percentage change in 


[W — 


the consumer price index 


imQ 


lazged one quarter. 


ment rate. 


Genera_ized Least Squares? 


2 Z Crim Cigi 


C tend i 


(1) (2) (3) (4) (S) (6) 
Ĉi 0.385 0.327 0.518 0.183 0.267 0.313 
(6.945) (5.487) (8.717) (1.614) (2.553) (2.151) 
i/U, 14.611 10.344 14.601 12.795 6.506 9.352 
(6.715) (4.659) (5.744) (2.247) (1.263) (1.183) 
Rea 0.434 0.524 0.223 0.544 0.521 0.283 
(6.279) (7.058) (3.511) (2.954) (3.365) (1.437) 
AR: 0.832 0.714 0.527 0.856 0.559 0.664 
(4.727) (3.529) (3.371) (3.065) (1.797) (2.395) 
Const. —4.421 —4,.659 —2.171 —4.949 —3.657 —1.393 
D.W. 1.188 0.811 1.358 2.19- 2.32 2.06 
F(5, 44) 71.706 62.825 59,967 8.713 11.727 4,130 
Dependent variable = Annual percentage change in straight-time hourly earnings of pro- 


1/U,= Reciprocal of the four-quarter moving average of the ienai 


R= Four-quarter moving average for the annual profit rate (ratio of 
corporate earnings after taxes to stockholders equity), lagged one 


quarter, for total, durable and nondurable manufacturing. 


== Nondurables manufacturing 
== Durables manufacturing 
a Pseudo #-statistics are shown in parentheses. 


> Lstatistics are shown in parentheses. 


AR,= frst difference of the profit rate series. 
(1), 5) = Total manufacturing 
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TABLE 2—BODKIN ET AL. WAGE EQUATIONS FOR CAYADIAN MANUFACTURING INDUSTRY 
(1953 I-1965 IT 


Ordinary Least Squares? Generalized Least Squares? 
(1) (2) (3) (4) (5) (6) (7) (8) 
Py 0.377 0.458 0.428 0.541 0.250 0.276 0.238 0.274 
(4.881) (5.354) (5.256) (5.995) (1.085) (1.186) (1.001) (1.117) 
1/17 10.427 22.839 12.931 41.590 —5.514 4.730 4.079 24.114 
(1.553) (3.344) (4.070) (10.016) (—0.390) (0.381) (0.300) (2.354) 
(Z/D)r2' 0.053 0.066 0.077 0.096 
(2.947) (3.292) (1.925) (2.499) 
Was, 0.432 0.495 0.444 0.633 
(3.948) (4.261) (1.456) (2.131) 
Wes —0.092  —0.124 —-0.100 —0O.141 0.009 —0.021 0.064 0.038 
(—2.279) (~2.740) (—2.306) (—2.851) (0.117) (—0.260) (0.821) (0.469) 
Conk ek sts 0.807 1.809 -6.403  —7.226 0.714 2.169 
D.W. 1.45 1.41f 1.28 0.96 2.31 2.25 2.35 2.27 
F(,) 44.335 38.907 45.480 39.760 5.419 6.092 5.516 5,423 


Dependent variable = Annual percentage change in average hour y earnings of production workers in Canadian 
manufacturing industry 


(We — Fd /W ea 


P,=Four-quarter moving average of annual aaa change in consumer price index 


Py — a) 
1 >} ] 
L / i=m0 F t=4—i 


1/0? =Squared reciprocal of a four-quarter moving everage of a two-quarter average of the Canadian 
unemployment rate 


3 =2 
[1/3 Us + 1/43. Veit 1/8 Uim | 


(Z/Q)4-2 = Four-quarter moving average of the profit markup on output (index of corporate profits before 
; tax divided by manufacturing production index), lagged two quarters. 
Wus = Four-quarter moving average of the annual percentage change in average hourly earnings in 
U.S. manufacturing expressed in U.S. dollars 


ag, Pe Worcs) 


imG WwW WRt—4..7 
W= Dependent variable jagged four quarters. 


a Pseudo /-statistics all shown in parentheses. 
b ¢-statistics are shown in parentheses. 


(typicel) economist to draw invalid in- 
ferences with respect to the significance of 
variables in the models. Second, if these 
invalid inferences are drawn, are they 
sufficiently severe to suggest that the ad- 
ditional burden of computation for the 


on biased estimates of variances and on a 
misspecification of the distribution for the 
errors. 

Two questions should be considered 
while the empirical results are read. „First, 
would the set of OLS estimates lead the 
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TABLE 3—RDXI WAGE EQUATION FOR 
CANADIAN ECONOMY 
(1955 I-1965 IV) 











Ordinary Generalized 
Least Squares Least Squares? 
(1) (2) 
Pr 0.940 0.516 
(3.922) (0.815) 
1/U? 0.521 0.309 
(4.590) (0.795) 
Rt 0.867 1.104 
(2.372) (1.072) 
Wes —0.224 0.154 
(—1.624) (1.099) 
Const. —4.712 —6.284 
D.W. 1.75 2.61 
F(5, 39) 111.805 7.343 


Dependent variable = Annual percentage change in the 
average hourly wage in the pri- 
vate sector [(Wi—W t) /W t-a] 
P,=four-quarter moving average of 
the annual change in the implicit 
price index of consumer non- 
durable expenditure 


1 T Pimi — Prti 
4 i0 Pea 


1/U?=squared reciprocal of a four- 


quarter moving average of the 
unemployment rate. 
R,.=four-quarter moving average of 
the ratio of corporate profits be- 
fore taxes (less income tax ac- 
cruals) to real gross national ex- 
, penditure. 
W= dependent variable lagged four 
quarters. 
s3 Pseudo é-statistics are shown in parentheses. 
b ¢-statistics are shown in parentheses. 


GLS estimates is worthwhile. 

Looking only at the OLS estimates in 
these three tables, one would conclude that 
these Phillips curve variants perform rea- 
sonably well. The three common explana- 
tory variables, unemployment, price in- 
creases, end profitability, are pseudo- 
significant in all cases save one (the un- 
employment variable in equation (1) of 
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! 
Table 2). With the possible exception of 
the Durbin-Watson statistic, all of the 
conventional statistical checks are satis- 
fied, i.e., sign patterns, Student /-statistics 
greater than two, etc. 

On the other hand, statistical inferences 
drawn from the GLS equations are largely 
inconclusive. While F-tests indicate that 
in all cases the joint hypothesis that all 
coefficients for explanatory variables are 
zero must be rejected (since critical .05 
values for the F-statistic fall within the 
2.4-3.5 range), the results for individual 
explanatory variables are not encouraging. 
Only the profit variable retains significance 
in even half of the GLS equations. Un- 
employment and price increases, perhaps 
the two most common explanatory vari- 
ables in all wage research, are significant 
in only two of eight individual cases. One 
can only speculate whether the various 
authors would have advanced the ‘Phillips 
curve model had they been faced with the 
GLS estimates rather than the OLS es- 
timates. 

Turning from individual explanatory 
variables to a comparison of the three 
studies, the Perry model holds up best 
under GLS, but again the results are not 
that encouraging. While all variables are 
pseudo-significant under OLS, there is no 
consistent pattern for variables under 
GLS. No variable’s coefficient retains sig- 
nificance in each of the three sectors. The 
basic Phillips curve variable is significant 
in only one sector while: price and profit 
variables are significant in two of three 
sectors. In sectoral terms, no one equa- 
tion exhibits significant coefficients for all 
four explanatory variables. 

The GLS results for the two Canadian 
studies are perhaps more conclusive. None 
of the usual explanatory variables would 
appear to be reliable from usual statis- 
tical tests. In place of fifteen pseudo- 
significant coefficients in the Bodkin et al. 
study, only three parameter estimates are 
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significant under GLS. Their basic model, 
as represented by equations (1) and (5) in 
Table 2, fails to retain one of the five 
pseudo-significant parameters. As shown 
in Table 3, all explanatory variables in 
the RDXI wage equation likewise prove 
to be insignificant under GLS, again a re- 
vealing contrast from the OLS results. 
The only consolation rests with the F- 
statistic, even though it is greatly reduced 
under GLS. As a group the explanatory 
variables are significant at the .05 level. 

In short, the potential bias in estimated 
Student’s t-statistics using conventional 
OLS techniques appears to be substantial. 
Employing the GLS technique, which 
produces unbiased estimates of the vari- 
ances of estimated coefficients, all stan- 
dard error estimates exceed those ob- 
tained using OLS with more than two- 
thirds of the individual coefficient stan- 
dard errors increasing by more than 100 
percent. In terms of standard significance 
tests, the results are even more pro- 
nounced. All Student’s ¢-statistics fall 
under GLS as OLS pseudo-i-statistics are 
at least twice as large for over three 
quarters of all parameter estimates and at 
least three times. as large for more than 
half of the parameter coefficients. 

Two final comments can be made con- 
cerning the estimates. Since both OLS and 
GLS give unbiased parameter estimates, 
one might expect our coefficient estimates 
to be reasonably similar for both estima- 
tion techniques. Almost two-thirds (20 of 
32) oi the OLS parameter estimates are 
within one standard error of the GLS es- 
timates. Finally, the appropriateness of 
the Dur>din-Watson statistic is somewhat 
dubious. As pointed out above, it fails to 
test for a fourth-order moving-average 
process in the error term, as exists in the 
OLS equations. While the Durbin-Watson 
statistics are close to two under GLS, a 
fourth-order autoregressive pattern would 
appear more plausible as an alternative 
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hypothesis in view of the annual bargain- 
ing patterns in the four distinct labor 
groups. 


III. Conclusion 


A aecessary first step in empirical re- 
search is the specification of the form of 
the cependent variable, that is, the se- 
querce of values which are to be explained. 
Quarterly analyses of wage determination 
have adopted overlapping annual changes 
as the appropriate form of their dependent 
variable. Explicit recognition of the sta- 
tisticel implications of this choice is ex- 
tremely rare. We have presented a set of 
assumptions which are sufficient to ex- 
plain this particular specification for the 
dependent variable. Serial correlation in 
the error term is a direct consequence of 
the azgregative procedure indicated by 
these assumptions. In particular, if re- 
searchers specify the same moving average 
for all explanatory variables, then the 
aggregate error must exhibit the same 
moving average features. Hence, all of the 
conventional formulae for appropriate 
standard errors and test statistics are po- 
tentially biased, with the extent of biases 
to be determined empirically. 

For the three models which we have 
consid2red, these biases are shown to be 
substantial. A comparison of Student’s t- 
statist.cs based on correct formulae with 
the ps2udo-results suggest that the latter 
must be reduced by at least 50 percent in 
most cases. The inferential consequences 
of these reductions are severe and cannot 
be neglected. The roles of certain variables, 
which are usually considered to be of 
major importance in the determination of 
wage levels, are in doubt. For example, in 
the eight equations for which GLS esti- 
mates are calculated, unemployment is 
significant at the .05 level twice and not 
seven times as indicated by the results for 
the conventional OLS procedure. Simi- 
larly, the change in prices is significant 
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twice at this critical level although the 
OLS results indicate eight times. 
While there are dangers ir. attempts to 
generalize these results which are based 
on only three studies, every test indicates 
the potential severity of the problem of 
unacknowledged serial correlation.'° For- 
tunately, as we have demonstrated, there 
are simple ways to correct for this bias in 
estimation. Correctional techniques re- 
quire few additional assumptions other 
than those which already form the bases 
for specifications of the dependent variable 
and moving averages of the explanatory 
variables. Only after these corrections are 
made will economists be able to assess the 
true significance of the alternative theories 
which have been advanced to explain the 
determination of aggregate wage changes. 


APPENDIX 


The collection of error terms {fum} from 
the equations for the individual labor groups 
is assumed to form a temporal sequence of 
normally distributed random variables with 
zero means. This sequence is essumed to be 
free from autocorrelation and _ heterosce- 
dasticity™ so that attention may be solely 
focused on the specific problem introduced 
_ by the aggregative process, wnich indicates a 
sequence cf moving-average aggregative er- 
rors, {é,} say. Thus, from (A5), we have the 
following definition. 


3 
(1) e, = 0.25 > Uti for all t 


ten 0) 


Since the individual errors have zero means 
and the weights for aggregation are non- 
stochastic, the aggregative errors have zero 


10 Since this paper was originally drafted, we have 
reestimated other models with similar results. For 
example, only one of seven unemployment coefficients 
retains significance at the .05 level in GLS estimates for 
equations (2)—(5) in Pierson. 

11 Clearly the influences of many other factors are 
being ignored and these may confound the empirical 
results. We are, for example, ignoring the potential 
problems associated with errors in measurement, sto- 
chastic weights and simultaneity. 
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can be represented by mean mee X 


form Elere) where E(-) represents e 


mean or mathematical-expectation operator. 
Due to our stationarity assumptions, the 
products will only depend on the lag = be- 
tween the individual errors and can be de- 
noted as Y.. 


(2) Ys = E(ever—s) 


= 0.0625 ( 3 mi) . ( 2 ma) | 


for all s, t 


Gy eo 1.0625 ye ee 


fenQ j=0 
for ails, t 


In view of the assumptions with respect to 
autocorrelation and homoscedasticity which 
were made explicit above, this expression can 
be simplified. Let o? represent the coramon 
variance of the individual errors and we 
have . 


(4) ya = 0.0625 (4 — s)e? fors = 0,1, 2,3 
(5) vy, = 0 fors > 4 


(6) Ys = Ys for all s 


Thus, the autocovariances {y,} are known 
apart from the scale factor o? and the dis- 
persion matrix of the aggregative erro-s can 
be constructed. This is a Laurent matrix with 
a narrow band of positive elements about its 
principal diagonal representing the Yule- 
Slutsky effect of the aggregative process: 


4 3 2 1 C 
3 43 2 1 
23 
0.06259? ! ; 
L12 343 
0 123 4 


Knowledge of this matrix (apart frcm the 
scale factor) is sufficient for the genecalized 
least squares estimates to be calculated. See, 
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for example, the descriptions by Jack John- 
ston, pp. 208-11, and Arthur Goldberger, 
pp. 231-35. These indicate an appropriate 
transformation for the model which is based 
on a factorization of the dispersion matrix 
and its inverse. In practice, inversions of 
large matrices must be efficiently computed 


so that numerical errors do not distort the- 


resultant numbers. The Cholesky technique 
for inversion is especially recommended in 
this context since it takes account of the 
symmetry and “bandedness” of the matrix. 
An account of this technique is provided by 
J. Wilkinson. 
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Quit Rates Over Time: A Search and 
Information Approach | 


-~ 


Recent developments suggest that im- 
portant insights into the nature of the 
labor market can be gained by following 
_ an information and search approach.’ A 
quit rate model is developed and esti- 
mated below which integrates two major 
informational factors. George Stigler’s 
seminal work (1962), later systematically 
restated by Reuben Gronau using a more 
appropriate sequential decision process, 
assumed that workers know their al- 
ternative wage distribution but not par- 
ticular wage bids. The worker’s optimizing 
problem, then, is the search for wage bids. 

. Armen Alchian and others have found 
it useful to consider the worker’s process 
of estimating the wage distribution pa- 
rameters as well, since these are not known 
to the worker either. Alchian hypothesizes 
that a worker’s estimate of his alternative 
wage possibilities will lag behind actual 
conditions in a changing world. In terms 
of the quit rate considered here, a worker 
will quit less frequently than real condi- 
tions warrant during inflationary times (at 
least until he becomes adapted to a given 
rate of inflation) because he knows im- 
mediately when his own wage rises, but 
discovers only after some time that the 


* Assistant professor, Ohio State University. Useful 
remarks and criticism by Lester TelSer, H. Gregg Lewis, 
Belton Fleisher, and members of the labor workshops at 
the University of Chicago and Ohio State University 
are gratefully acknowledged. 

1 Beyond the seminal papers by George Stigler (1961, 
1962), the works of Armen Alchian, Charles Holt, John 
McCall, Dale Mortensen (1970a, b), and Reuben 
Gronau are relevant here. The firm aspects of this pro- 
cess, emphasized by Holt and Edmund Phelps and 
beautifully integrated with the worker aspects into a 
complete market model by Mortensen (1970a), are 
largely ignored here. 
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wage rates of others have also risen. Op- 
timizinz models for these two distinct in- 
formacional processes are derived in the 
next two sections and integrated into a 
quit probability model useful for econo- 
metric work.’ 

The Darameters of the quit rate model 
thus dsrived are then estimated from 
monthly time-series data over the period 
1959-66 for twenty-seven 3- and 4-digit 
manufacturing industries. The estimates 
appear to confirm the importance of the 
“real”? search factors initially considered 
by Stigler. The vacancy rate or prob- 
ability of getting a job offer has a strong 
impact with a very short lag time, while 
relative wages have the expected effect, 
althouga with longer lags and less regu- 
larity. Alchian’s expectation hypothesis, 
however, receives little empirical support. 
The effect of nominal wage changes had 
no systematic effect on quit rates when 
the “real factors,” vacancy rates, relative 
wages, etc., were controlled. In this re- 
spect, workers seem well attuned to de- 
mand conditions and there is no evidence 
that ary wage rate illusion, whether 
optimally mctivated or otherwise, poses a 
serious market problem. 


I. The Optimal Job Search Strategy 


In ths paper, it is assumed that the 
worker ettempts to maximize his expected 
income In a world where wage dispersions 
exist fo: workers of comparable skills 
both because information costs relative to 


? These zwo types of information gathering corre- 
spond to some degree to the extensive and intensive 
search dichotomy suggested by Albert Rees. = 
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returns make perfect iniormation un- 
economical and because job transfer costs 
make even known higher wages sometimes 
uninteresting. Consider first the labor 
market demand conditions which will 
justify searching for an alternative job. 
Since, at each unit of search, the costs and 
returns to further search will be’ influenced 
by offers already received, the number of 
units of search will not usually be specified 
in advance, but will be determined se- 
quentially. The worker must decide at 
every step whether incremental returns 
exceed incremental costs if he is to under- 
take what is for him the optimal amount 
of search activity.® 

In determining the return to a unit of 
search, the worker is faced with a certain 
probability that the firm will not be hiring 
at all‘ and with a distribution of possible 
wage offers (which we shall assume is nor- 
mal with mean W, and variance of) from 


firms which are hiring. Interpreting a “no - 


job offer’ search result as a zero wage 
offer, the expected return to a unit of 
search (R;) will be the probability of a non- 
zero wage Offer times the expected wage 
increase net of transfer costs, or 


(1) R; = prob {offer | search} 
-EÍ NWI | offer} 


The probability of a nonzero wage offer 
will presumably be an increasing function 
of job vacancies (v), say g(v)® where ðg(v)/ 
dv>0. The expected net wage increase 
(NWI) will depend or the worker’s 
present wage (W,), his transfer costs 


3 This rule, of course, ignores the possibility of ini- 
tially decreasing costs of search. 

1 Since workers on the payroll already have process- 
ing and training investments made in them, job seekers 
must vie for new positions rather than compete directly 
with the employed. Future hiring costs will also be 
higher if a firm gets a reputation for handling its experi- 
enced workers poorly. 

6 Stigler (1962, p. 101) asserts tke “no offer”? proba- 
bility will also be dependent on the ease of identifia- 
bility of the firm and other factors. 
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(TC), and the parameters of the a_terna- 
tive wage distribution. In particular, 


(2) E{NWI| offer} = 


(Wa == We)f(Wa)dwa 
We 

where the critical wage Wo=Wo+TC, and 
f(W) is the normal density funccion of 
alternative wages. Below the critical 
wage We, cf course, wage offers have no 
economic value to the worker. When in- 
tegrated, ecuation (2) becomes 


(3) E{NWI| offer} = 


gaf(We)—(We—Wa)[1-F (We) | 


where F(Wc) is the cumulative normal 
distribution. The partial derivat:ves of 
the returns to search with respect to v, 
We, Wa, and oy are as follows: 


ð 
(4)  ðRiðv = a, EĻ NWI | offer} > 0 


|l 


(5) dR;/dWVc ðR:/3Wo = 0R;/aTC 
= — g(v)[1 — F(We)| < 0 
(6) ƏR:/ð W4 = go) [1 — F(Wo)] > 0 


(7)  ƏR;/äsa = g(v)oaf(We) > 0 


I 


For given search cost, search by employed 
workers wil rise when demand conditions 
improve and more potential emplo-ers are 
hiring workers.’ Intuition suggests that 
this will be the most volatile component of 
the return structure. Search returns will 
also increase, as one would expec:, when 
the worker’s wage is low relative to his 
alternative wage. The second derivatives 
of equations (5) and (6) imply that the 
impact on search returns of a change in’ 


6 An appendix containing a proof of this integration 
and of the partial derivatives to follow is avaLable upon 
request from the author. 

7 The same rule should apply to unemployed workers 
as well, although total worker search efforts may in- 
crease in bad times since unemployed workers will tend 
to search more in general than employed workers. 
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wage diminishes the higher the relative 
wage. Equation (7) and its second deriva- 
tive imply that an increase in the alterna- 
tive wage dispersion will increase the re- 
turns to search,® with the effect strongest 
among workers with critical wages near 
the mean of the alternative wage distribu- 
tion. 

The total amount of search undertaken 
will depend, of course, on search and trans- 
fer costs as well as on the probable wage 
offers he will encounter. Presumably such 
costs will increase at an increasing rate, if 
only because of the geographic dispersion of 
employers. Below, this search cost func- 
tion is approximated by a quadratic in 
search units. The wider the search, the 
less information is available on prospec- 
tive employers, which again suggests ris- 
ing marginal search costs. This cost func- 
tion is assumed to be regenerative between 
periods since the worker can visit the same 
_ prospective employers repeatedly at the 
same cost per visit. Search costs will vary 
over the business cycle, since firms are 
likely to increase their supplies of new 
workers by reducing worker search and 
transfer costs. This can be accomplished 
by increasing advertising, arranging con- 
venient interview times, paying moving 
expenses, etc., as well as by offering higher 
wages. Worker search costs per unit of 
search should decline when general de- 
mand conditions improve. 

The worker who believes search for 
another job will be profitable is confronted 
with a choice of search techniques. He 
may quit as soon as he is convinced search 
is useful, or he may remain employed, 
searching after work hours or on days off, 
in which case he will quit only if he en- 
counters a sufficiently favorable wage. 
Which option is chosen will affect the 


8 If wage dispersions have narrowed with improved 
communications, and transportation, as Stigler (1962, 
p. 98) be-iev2s, search efforts per worker should show 
a secular decine, 
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quit probability of a given worker and 
will also affect the lag structure of quits 
behind changes in market conditions. If 
workers quit when the decision to search 
is mads, the lag will be in recognizing the 
new ccnditions more favorable to search. 
If workers remain employed, however, the 
quit leg will involve the search lag as 
well as the recognition lag. 

The decision to quit to search or to re- 
main employed is a complex decision in- 
volving the evaluation of two sequential. 
progremming problems. Both the search 
cost ard search return functions will be 
altered by the decision to quit to search. 
The opportunity costs of time will be ap- 
proximately equal since one approach 
sacrifices income possibilities while the 
other sacrifices leisure which should be ap- 
proximately equal in value at the margin. 
The search cost function of the unem- 
ployed searcher will be lower to the extent 
economics cf scale are possible because 
larger blocks of time are available. A sales- 
man’s transportation costs, to look at a 
comparable situation, will surely rise the 
more frequently he is required to return 
home for supplies. This consideration sug- 
gests workers will be more likely to quit 
to search the more geographically isolated 
they are from other areas of labor demand 
and the less flexible are their hours and 
work dzys. 

Search returns will be similarly affected 
by the decision to quit to search. The risk 
factor 13 surely greater since the worker 
might well end up with a job paying less 
than his present wage. The stigma of being 
a quitter may also reduce the expected 
returns to a given quantity of search. In 
deciding which workers to hire (which 
implies a decision to invest in these 
workers!, firms will attempt to increase 
their returns by choosing workers with a 
low quit propensity and may look with 
disfavor on unemployed quitters. One 
positive aspect on the returns side, which 
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will increase the incentive to quit to 
search, is the likelihood that the higher 
wage from successful search will be cap- 
tured more quickly if the worker con- 
centrates his search by quitting. 

Fortunately, scraps of empirical evi- 
dence allow us to avoid the detailed em- 
pirical analysis required to predict the 
proportion of workers who quit to search. 
Two national surveys of labor mobility 
seem to indicate that the great bulk of 
quitters search while employed and quit 
only if they have another job lined up. The 
surveys, conducted in 1955 and 1961, 
found that of those workers who under- 
took only one job change during the year 
and did so to “improve status,” about 80 
percent experienced no unemployment.’ 
The quit model developec below assumes 
that workers quit only when a preferable 
job is uncovered, although the interpreta- 
tion of the empirical results varies only 
slightly if this proposition is relaxed. 

The timing of the quit decision will de- 
pend on which jobs are deemed preferable 
to the worker’s present jcb. Both the na- 
ture of the firm’s job offers and the 
specificity of movement and training in 
the new job option are critical. If job offers 
are cumulative (i.e., have no time limits), 
the worker will definitely quit if wages are 
offered above his present wage plus trans- 
fer costs, but he may not do so immedi- 
ately (nor choose that particular job); in- 
stead, he may search further. 

If, however, as is frequently the case, 
the job offer must be accepted or rejected 
at the time offered, the worker may reject 
a wage offer above his present wage plus 
transfer costs, if accepting the new job 
would seriously restrict future job search. 
The worker will, in fact, only accept such 
take-it-or-leave-it wage offers if the of- 


? See Gertrude Bancroft and Stuart Garfinkle. In the 
year 1961, only 15 percent of those who experienced 
unemployment during the year did so because of a job 
quit. 
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fered net wage plus expected future net. 
search returns exceed the present wage 
plus expected future search returns at the 
old job, or if 


(8) W,+ E(Net Returns to Search| Wi, 
TC) > Wa + TCo + E(Net Returns 
to Search| Wo, TC») 


The criticai factor is TC,, the new job’s 
transfer costs, which would be a function 
of geographic isolation from alternative 
employers, among other factors. If TC, 
=, no limitations are put on future 
search and the worker would quit when- 
ever Wi>W,+T7C). If the transfer costs 
are large, however, so the expected value of 
future job switch gains are seriously re- 
duced, the worker may pass up a job offer 
he would otherwise eventually accept. 
Most jobs require little immediate specific 
investment by workers; on-the-job train- 
ing accumulates over time and the 
worker can usually put off heavy expendi- 
tures in moving assets and family to the 
new location until he has searched to his 
satisfaction. Therefore, we assume below 
for simplicity that TC:=0, and that a 
worker will quit immediately if he re- 
ceives a wage offer greater than his present 
wage plus transfer costs. 

The probability that a worker will quit 
during a given interval of time will be the 
probability of receiving a wage offer above 
the critical wage Wo=Wy+TCy. This 
quit probability will depend on the units of- 
search undertaken and the probability of 
receiving a wage offer above We at each 
search effort. The probability, say #, of 
receiving a wage offer above Wc in a single 
drawing from the wage dispersion will be 


(9) p = g(v) [1 — F(We)] 


where g(v), again, is the probability of a 
nonzero wage offer, a positively inclined 
function of labor demand v, and where 
F(W-) is the value of the cumulative dis- 
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tribution function at We=Wot+ TC.. As- 
suming independent trials and that p is 
constant,” a worker who carries out 
sequential search will have the quit prob- 
ability set out below, 


(10) prob {quit} = 1 — (1 — p” 


where N is the maximum number of 
searches the worker will carry out if he is 
unsuccessful in all attempts (that is, where 
the unsuccessful searcher’s marginal search 
returns (MR) equal marginal cost (MC)). 
This follows directly from the fact that 
(1— p)” is the probability of not quitting 
in V independent trials since (1— p) is the 
probability of not quitting in any given 
trial. Within the period, quits will be dis- 
tributed according to a geometric lag dis- 
tribution. 

To make the model operational, assume 
that the total search cost function is 
quadratic, so C=bn? with dC/dn=2bn 
where # is the number of searches. In 
this case, the optimal number of searches 
N will be, 


(11) N = S (Wa pia We)f(Wa) dwa 


where all terms have been previously de- 
fined. The quit probability, prob {quit} 
=1—(1— p)”, behaves in a manner one 
might expect from the search considera- 
tions alone." More job openings, a higher 
v, will increase the quit probabilities, as 
will a lower critical wage (whether due to 
a lower present wage, We, or to lower 
transfer costs, TC) relative to alternative 
wages. An increased dispersion of alterna- 
tive wages will also generally increase the 
quit propensity, although possibly not for 
extremely low wage workers. The effect of 
job openings and relative wages. will, in 


10 Assuming $ constant assumes, in particular, that 
transfer costs are constant with respect to search. 

u Formal derivations of the following assertions may 
he found in an appendix available from the author. 
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fact, be sean on quit behavior than on 
search behavior, since these factors affect 
the likelihocd of a quit per unit of search 
as well as the amount of search. A higher 
own wege or transfer costs will reduce the 
quit probability both because the prob- 
ability of a quit for any amount of search 
is less and because the economically ra- 
tional amount of search is less. When ag- 
gregated over many individuals, the quit _ 
probability equation gives the proportion 
of employed searchers who are likely to - 
quit in a given cost period. This equation, 
therefore, is the quit rate model we seek. 

Certain simplifications are required, 
however, before the model can be esti- 
mated conveniently. A useful approxima- 
tion for the quit function can be had by 
expanding the quit probability function 
(10), using the binomial theorem,” to 
get 


(12) g= prob {quit} = 1 — (1 — p)" 
NW — 1) 

2 
-++ higher order terms in $ 


and then approximating q by dropping the 
quadrat:c and higher order terms in #, 
yielding 








(13) qg = Np 
But p= g(v)o(We) 
where 
(We) =1— FW) 
and 
N= Bs lo, f(We) —(We-Wa)o(Weo) | 
_ gt) 
2b 


where 
WWe} = oaf(We)/b(We) — 


122 This approach to approximating the theoretical 
model was suggested by H. Gregg Lewis. 


(We — Wa) 


VOL. 63 NO. 3 


Substituting NÑ and. p. into (13) gives 


et uh ‘di Si Gi 





(14) q= 


where u= Me This suggest a partitioning 
of the quit factors into three parts as the 
log of (14) makes clear, 


(15) logg = 2log g(v) — log 2b + log (Wc) 


A worker’s quit propensity will be an ad- 
ditive function in logs of alternative ‘“‘de- 
mand” factors, search cost factors, and 
wage considerations. Equation (15) will 
form the core of the quit rate model es- 
timated in the empirical section, although 
a number of variables, particularly the 
vacancy rate and the parameters of the 
alternative wage distribution, are not 
known with certainty. It is to this second 
problem that the next section 1s devoted. 


II. Informal Information Flows 


The sequential search model developed 
in the previous section indicates the re- 
gion of profitable job search with respect 
to the alternative wage distribution pa- 
rameters, but the worker in an uncertain 
world is not given the value of these pa- 
rameters. The estimation cf the wage dis- 
tribution presumably results from the 
consideration of informal information 
flows. The worker is continually receiving 
bits of information on his wage alterna- 
tives from friends and relatives, news- 
papers, etc., but he faces the problem of 
how to handle this flow. Is a higher wage 
paid to a friend a random sampling fluc- 
tuation or a sign that wages in other firms 
are generally higher than the worker’s 
own wage? Presumably enough bits of 
information indicating others in the same 
skill class are receiving higher wages (or 
more precisely, wages that will make 
search profitable) will convince the worker 
that his wage is out of line. 

An optimal technique which accords 
. well with intuitive notions of how workers 
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handle such information is Abraham 
Wald’s sequential probability ratio test. 
In the case of a simple hypothesis, the 
ratio test is a likelihood test in which 
observations are taken until the ratio of 
the probability of the sample under the 
alternative hypothesis to that under the 
null hypothesis exceeds some constant A 
(at which point the null hypothesis is re- 
jected) or falls below some constant B (at 
which point the null hypothesis is ac- 
cepted). Obviously in this case, a one tail- 
test is appropriate since the worker is only 
interested in knowing whether the wage 
population mean exceeds some value. The 
constant A and B are functions of the de- 
sired significance and power of the test. 
In setting the power and significance, the 
worker must consider the tradeof be- 
tween the cost of assuming the alternative 
wages are high enough to justify search 
when in fact they are not (which will in- 
volve uneconomical search) and the cost 
of assuming the wage is not high enough 
to justify search when indeed it is (thus 
foregoing a possible wage improvement, 
for a time). 

As Wald and Wolfowitz have demon- 
strated, the sequential probability ratio 
test (which can be simply extended into a 
generalized Bayesian decision rule! has — 
strong optimal properties. In the case of a 
simple hypothesis against a simple alterna- 
tive, this test will minimize expected 
sample size for given errors whichever 
hypothesis actually holds. With a nor- 
mally distributed variate, the average 
recognition lag of an interesting parameter 
change is apparently about one-half that 
of the fixed sample approach. The more 
the parameter is out of line, of course, the 
more quickly the change will be discovered 
(for example, the fewer the observations 
that will be required to reject the null 
hypothesis). 


13 See G. Barrie Wetherill, p. 22. 
4 See Thomas Ferguson. 
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Of particular interest here is the nature 
of the detection lag. Although Wald dem- 
onstrated that under very restrictive as- 
sumptions, the distribution of lag time un- 
til discovery will be asymptotically nor- 
mal, generally the distribution will be 
quite complex and skewed. Two Monte 
Carlo studies, using normally distributed 
random variables, found the distribution 
of discovery times to be approximately 
lognormal.’® Since the normal distribution 
can be approximated discretely by a 
binomial with equal probability of suc- 
cess and failure, the worker’s prediction 
of his average alternative wage (W%) can 
be estimated by 


Mey Ween Wie oa 
ces Bm 
{ (W t-m) 


where the B, are binomial coefficients. 
Similar lag structures presumably exist 
for the other unknown variables. 

The estimation of the lag structure of 
(16) is made difficult since both the 
worker’s own wage and his prediction of 
alternative wages enter the quit function 
and the two are generally extremely 
highly correlated. The quit rate function, 
however, suggests that the difference of 
the two wage rates is the crucial variable, 
which means, to a logarithmic approxima- 
tion, that ln Wo—ln Wi=In W,/W7% is the 
appropriate variable, so the two wage 
rates need not be entered separately.’ 
Since the regression requires observable 
variables, (16) may be introduced to yield 


(17) Wo ES ) 
w Wat W att 











Bi —Bm 
-Wos see W ot—m 


18 A summary of these is reported in Wetherill, pp. 
21-22. 
16 The wage prediction problem is compounded by 
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The second half of (17), a weighted average 
of past own wages, is more conveniently 
estimated in logarithmic first differences, 
so 

—By 


(18) in (Wee Wnai... Wica) 
=(1— Boà (ln Wo—ln Woi) 
+(1— Be— By) (ln Wo1 in Wore) 
+(1— Bo— B,— Bo) 
«(ln Wo--2—ln Wo3) 
+... 


Empirically this expectational hypothesis 
implies that, in the quit rate regressions, 
the sign of the own wage change coeffi- 
cients should be negative (since W/W a 
negatively affects quits) and diminishing 
in absolute value with time. Intuitively, 
holding real wage cifferentials and other 
demand factors constant, the worker will 
quit less frequently when wages in general 
are rising because the worker will see his 
own wage rising before he discovers other 
wages have risen as well. This is essentially 
the A.chian hypothesis. 


IEI. The Quit Rate Regression Model 
and Results 


The ‘basic quit rate model to be esti- 
mated here is equation (16), 


log q= 2 log glv) —log 2b+log u(We, Wa, o) 


with zhe expectational lag structure for 
alternative wages and other unknown vari- 
ables specified as in the previous section. 
This complete cuit rate model is estimated 
(wita certain modifications discussed be- 
low) using monthly time-series data for 
twenty-seven disaggregated manufactur- 
ing industries over the period January 
1959, to December 1968. The twenty- 
seven industries, while by no means com- 


the fact that, in the real world, future wages are not 
stationary so the worker must attempt to forecast future 
wages pzid by his own and other firms as well as predict 
prevailing wages. 
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prehensive, nevertheless cover a broad 
range of industry types from heavily con- 
centrated and unionized durable goods 
industries to highly decentralized con- 
sumer goods industries.” 

The quit rate data and wage rate mea- 
sures are derived from Bureau of Labor 
Statistics publications. The all-manufac- 
turing average wage rate was used as a 
proxy for the mean of the alternative wage 
distribution (W1). For the change in nomi- 
nal own wage, important in the expecta- 
tional hypothesis, industry average hourly 
wages were corrected for changes in over- 
time pay where possible to give a measure 
of straight time wage changes.!® 

The vacancy rate data used here are 
derived from job offers pending with the 
Bureau of Employment Security, end of 
month.’” This measure is economy wide 
rather than an industry specific job va- 
cancy rate. Although both types of mea- 
sures would be desirable, orly the former 
is available. This measure should be the 
more useful of the two in any case since 
individual surveys indicate most workers 
do shift industries when they quit. Changes 
in industry output was included to capture 
the pure industry labor demand. The inter- 
pretation of the output change coefficients, 
however, is made difficult by auxiliary 
factors discussed below. 

Several other factors suggested by the 
quit equation as appropriate in the regres- 
sion analysis lack direct measures and are 
either ignared or handled in a rather ad hoc 


1 This subset of manufacturing industries was se- 
lected because of the availability cf monthly output 
measures independent of employment figures, as re- 
ported by Hamermesh. 

18 This correction was possible for all 3-digit industries 
in the sample but not 4-digit industries since overtime 
hours are reported only for the more aggregated classi- 
fications. 

18 The Bureau of Employment Security figures were 
kindly supplied to me by J. Peter Mattila. They were 
compiled by the National Bureau of Economic Re- 
search. 


PARSONS: QUIT RATES 397 


fashion.2 In the latter category are job 
transfer costs, an important element in 
We, the critical wage. Transfer costs will 
vary both cyclically (when firms become 
more willing to absorb such costs) and 
seasonally. The sudden jump in quit rates 
in late summer, for example, is the result 
of family heads moving before the school 
year begins as well as school children quit- 
ting work to return to school. An August- 
September dummy was introduced to cap- 
ture this effect. 

Another major determinant of average 
worker job transfer costs will be the rela- 
tive inflow of new workers into the indus- 
try. The initial investment a new worker 
has to make in his job need not be large. 
Not only can transfer costs be avoided 
until the worker is sure he wants this par- 
ticular’ job, but also the specific human 
capital arising from “on-the-job training” 
requires time to accumulate. Time-series 
seniority data by industry are not avail- 
able, but relative change in output should 
be positively correlated with the propor- 
tion of workers with little seniority. 

The lag structures of relative wages and 
change in own wage, as suggested by (17) 
and (18) were’estimated in the following 
ways. The change in own wage rate was 
entered with a number of lagged values, 
since the change variables were not highly 
correlated, and the appropriate number of 
lagged variables was determined empiri- 
cally by consideration of experimental re- 
gression on three randomly selected indus- 
tries (336, 365, 324). Similar methods were 
used with the change in leg output vari- 
ables. In each, two lagged monthly values 
were included. For the relative wage vari- 
able, a six period geometric average seemed 
to fit best in the experimental regressions, 


20 In the former category are the alternative wage 
dispersion and direct search costs. Crude evidence sug- 
gests that wage dispersions narrow during prosperity 
while search costs are likely to fall since firms are more 
willing to advertise, etc., when the labor market is tight 
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although the binomially weighted average 
did no better than the uniformly weighted 
average so the latter was included in the 
final regressions. Finally, the vacancy rate 
lag structure also seemed to fit best with 
three months of vacancy measures. These 
were introduced individually and uncon- 
strained although multicollinearity prob- 
lems cannot be ignored here. 

The ultimate functional form for the 
regression model! used to estimate the quit 
rate function for the twenty-seven indus- 
tries was the Jog of q in equation (19). 


agpkajyAS ag az a4 
(4 "U *B_1'V_¢g 


(19) q = 

OG) GY GS 

W 4 6 Wo Wo_, Wo, 

O NS ONE OA 

(5) (=) (=) 

The results for the individual industries 
appear in Table 1 for all the variable co- 
efficients except the output variables which 
are reported in an appendix available from 
the author upon request. The regressions 
were corrected for first-order autocorrela- 
tion as noted in Table 1 when the null 
hypcthesis of zero autocorrelation was not 
accepted at the 1 percent level, using the 
Durbin-Watson statistic. 

The vacancy rate coefficients suggest 
that job openings are a major determinant 
of month-to-month variation in industrial 
quit rate performance. At least one of 
these ccefficients is significantly positive at 
the 0.95 confidence level in twenty-four of 
twenty-seven industries and normally 
strongly so, with modal quit rate-vacancy 
rate elasticities usually in the range 1.0- 
2.0. The impact of job openings is sub- 
stantial in the first period in twenty-two of 
twenty-seven industries with the major 


vacancy rate impact in the remaining in- 
dustries occurring in the second month.”! 











21 Substituting unemployment rates for vacancy 
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By the third month, the influence is much 
weakened and more likely to be perverse 
in sign. There is a mild, but insignificant, 
tendency for the modal quit elasticity to 
be somewhat higher in industries with high 
averege production worker wages. 

The six month geometric average of 
relative wages has a less uniformly strong 
effect on industry quit rates. The relative 
wage coefficient is negative in seventeen of 
twenty-seven industries and significantly - 
negative in nine of twenty-seven. The 
estirnated quit rate elasticities, however, 
tend to be larger in absolute terms than 
one when negative, suggesting that wage 
factors can play a substantial role in some 
industries. The reasons for the more er- 
ratic relative wage results may well be in 
the limitations of the data. Not only are 
average production worker wage rates a 
measure of skill mix as well as wage scales, 
but the all-manufacturing average produc- 
tion worker wage is perhaps a poor proxy 
for the mean of alternative wages facing 
workers in any particular industry. 

A result of particular interest is the fact 
that changes in a worker’s own wage, with 
vacancies and relative wages fixed, has no 
systematic effect on quit behavior. The 
coefficients are more likely to be positive 
than negative and are rarely significant. 
Appazently workers learn of changes in al- 
ternative wage possibilities quickly enough 
that they are not fooled into believing that 
their own wages have risen relative to 
others. when wages are rising in general.” 
This evidence casts some doubt on mecha- 
nisms proposed for reconciling Phillips 
curve phenomena in a price theory frame- 


rates in the regressions hag only minor influence on the 
results. The unemployment rate coefficients are gen- 
erally less significant and are more likely to peak in the 
second or third period. 

2 Replacing changes in own wage with changes in the 
general price level yields comparably uninteresting 
results. 
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TABLE 1-——LoG Quit RATE REGRESSION COEFFICIENTS FOR SELECTED 
MANUFACTURING INDUSTRIES, 1959-1968, MonTHLY® 


(t-values in italics) 





Industry Constant ASP Lye LV LV: LWS cCLWwe CLWa CLW R? 

Sawmills & Planing Millsf —~4,97 0.46 0.83 0.84 —0.59 0.31 1.83 2.55 0.79 0.89 
242 19.85 11.54 3.10 2.13 ~2.66 0.53 2.65 3.41 1.16 

Millwork! ~ 4,68 0.59 1.19 27 2.33 3.45 8.15 7,90 0.86 
2431 11.07 13.57 6.38 1,62 1.36 1.36 2.89 3.27 

Veneer & Plywood! —4.27 0.44 1.14 0.96 —1.16 0.92 0.33 0.48 0,10 0.87 
2432 ~— 11.04 11.46 4.90 2.59 5,83 0.8! 0.6! 0.68 —0.19 

Glass Containers! —6,28 0.60 1.46 0.23 —6.67  —1.49 —~0.60 0,29 0.79 
3221 —13.25 11.06 8.56 -1.38  —2.53 1.20  —0.45  ~0.28 

Brick & Structural Clay -8.21 0.48 0.71 0.72 4,48 2.63 3.37 3.17 0.87 
Tilef 3251 19.37 8.53 1.81 2.01 —2,74 1.02 2.15 1.42 

Iron & Steel Foundries —% 86 0.29 2,07 —1.15 0.54 4.11 —0.38 1.21 2.60 0.93 
332he ~~ 28.20 6.08 813 ~—2,92 2.46 4.84 —0,52 0.61 0.14 

Aluminum Excruding! 5.33 0.61 0.99 0.54 —O.51 —~4,60 2.70 —O0.44 0.74 
3352 —$.74 . 8.05 2.14 0.76 1.2460 B16 dD 0.29 

Nonferrous Foundries! -7.21 0.25 2,48 — 1.96 0.91 ~~ 1,22 —~0.56 1.81 2.56 0.91 
336 —12,01 5.57 9.72 —4,73 3.79 4.32 0.21 0.61 0.94 . 

Metal Cans! —4.41 1.00 ~0,70 2.44 ~—0.84 ~—1.27 —1.50 -—1.69 ~0.66 0.76 
341 —5.90 11.12 1.33 2.96 —£.71 —~1.50 ~0.55 —~0.50 0.24 

Heating Equipment —5,98 0.41 1.41 0.68 0.41 —4,07 1.70 3.08  —1.92 0.92 
3433 —~ {2.86 8.54 5.42 1.53 1.50 —2.90 0.78 1.37 ~0.89 

Household Refrigerators? —-10.74 0.33 2.19 —1.38 1.02 3.06 0.57 —~5.09 10.98 0.69 
3632 ~~ 10.04 2.97 3.33 1.28 1.73 0.78 0.17 —f.41 3.28 

Household Laundry! -8,56 0.68 1.50  —=1,00 0.99 0.31 0.30 0.14 0.71 
3633 ~—11.00 7.34 3.03  —=1.23 2.03 0.16 0.69 —~0.33 

Radio & TY. Receiving —~4.98 0.38 0.70 0.25 0.06 0.36 3.45 3.83 1.96 0.70 
Sets’ 365 6.56 6.67 2.14 0.50 0.20 0.63 1.91 1.74 1.08 

Confectionary! -3.61 0.44  —0.18 0.42. 0.32 3,06 0.66  —1.38 —3.72 0.81 
207 ~10.21 5.09 = 0.58 0.84 1.16 —3.9! 0.39 0.75 —~3.02 

Cigarettes! —5.68 1.22 0,27 1.86 —0.75 —0,80 2,83 ~2.62 ~—-2.95 0.68 
211 — 3.74 ttiz 0.39 1.75 —£.26 —~—0.67 0.89 —0.76 —~O.90 

Cigars! — 4.48 0.21 0.90 —0,46 0.34 £11 0.50 —~2.04 1.79 0.66 
212 —9.22 3.12 2.20 —0.70 0.84 1.49 —=0.25 =0.94  —0.89 

Wool Weaving & =4.78 0.41 1.78  —0.63  —0.25  —0.61  —1.19  —0.84 1.34 0.88 
Finishing 223 ~~ 15.77 7.27 5.92 . 1.28 O96 —I.5f —0.48 0.35 0.59 

Men & Boys Suits 1.72 0.23 1.73 ~~ 1.60 0.33 - 0.47 ~~ 1.94 2.28 3.73 0.76 
321 —6.08 5.46 6.76 —3.60 1.30 8.29 E55 1.72 3.22 

Men & Boys Furnishings ~2,54 0.26 1.56 ~~ 0.83 0.17 1.42 0.45 1.87 2,82 0.80 
232 JÖ. 15 5.74 5.32  —1.76 0.59 3.68 0.35 1.46 —2.26 

Paperboard! —~ 4,63 0.90 0.26 1.49 —£.03 1.31 3.34 2.55 2.38 0.82 
263 -5.78 13.19 0.70 2.46 2.68 1.77 1.21 0.87 0.66 

Plastic Materials & —4.06 0.84 0.58 0.47 ~—O.20 —7.22  =—=7.l4  —4.74 1.15 0.86 
Resins 2821 78 13.27 1.48 0.74 O59 —2.4f —2.09  —1.31 0.35 





. , Dependent variable is natural log of quit rate. Quit rate=monthly quits per 100 workers, Bureau of Labor Statistics. 
b August-September dummy. 

2 n Log of average of nonagricultural jobs pending, end of month, for present and preceding month, Bureau of Employment Security. 
d Log of six month geometric average of industry hourly wage to all manufacturing hourly wage, Bureau of Labor Statistics. 

S ; Monthly change in Jog of industry wage. 
f Corrected for first degree autocorrelation. 

E Regression for period 1960-68. 
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TasLe 1—(Continued 
Industry Constant AS? Lye LV LW: IWA CLW" CLW CLW us R? 
Synthetic Fibers! —§.85 0.63 0.26 1.31 —0.6C —6.48 1.86 —4.35 —3, 86 0.30 
2823, 24 —12.53 1.18 0.97 3.17 —2.42 —1.97 0.83 —1.77 14.72 
Tires & Inner Tubes! —9.56 0.64 2.36 —1.65 0.94  —0.70 5.32 —0.55 —1.80 0.83 
301 —14.17 7.80 5.16 —2.09 1.96 —1£.35 2.04 —0.22 —0.69 
Rubber Products! —4.95 0.35 1.21 —D.47 0.18 —2.46 —1.54 5.55: —1.39 0.88 
302, 3, 6 —~ 10.80 8.05 + 4.88 1.16 0.74 —2.97 —0.58 2.05 —0.54 
Leather, Tanning & —8.93 0.38 1.71 —).62 0.54 0.85 2.05 1.12 0.86 
Finishing! 311 21.97 6.36 4.90 —1.12 1.77 —0.48 0.59 0.32 
Footwear except Rubber —3.94 0.27 1.04 —0,03 —0,02 0.92 0.90 —0,28 0.06 0.91 
314 — 18.10 &.54 4.99 —0.08  —0.08 2.27 1.33 —0. 37 0.09 
Cement, Hydraulic —5,67 1.26 —0.56 3.15 —1.61 —1.81 0.57 -0,40 —0.27 0.84 
324 11.78 17.10 —1.03 3.45 —2.8l —4.46 0.96 —0.60 —0.47 


work.” This bit of evidence, of course, is 
hardly conclusive. Variable definition and 
econometric problems make these asser- 
tions only tentative. Simultaneity prob- 
lems, for example, exist here since high 
quit rates may well lead to wage increases 
as firms try to hold their workers. None- 
theless, the evidence does suggest that 
wage “illusion” is not an extremely 
strong effect. 

Turning to the noninformational factors, 
the August-September dummy has coeffi- 
cients significantly positive in all indus- 
tries, documenting the importance of the 
vacation-school year effect on the workings 
of the U.S. economy. The output change 
variables (not reported here) have a strong 
and consistently positive effect on quit 
rates, presumably because of the direct 
industry-specific labor demand effect and 
because of the indirect effect from increas- 
ing the proportion of young, quit-prone 
workers as employment expands. The lag 

5 An anonymous referee points out that the bulk of 
unemployed are new entrants and laid off workers, not 
quitters, so the Phillips relationship is not being directly 
examined. To the extent new entrants and laid off work- 
ers receive job condition information at greater cos? 
than do employed workers, this may be an important 
qualification. Firms themselves may be subject to ex- 
pectation lags so that vacancy rates will be unrealis- 
tically high during periods of unexpected inflation, 


thereby inducing quits and presumably pushing up 
wages. 


structure of output change is reasonably 
regular with peak effects in the first or, 
more l’kely, seconc period with quit rate 
effects in the third period still consequen- 
tial. . 

In sum, over the ten-year period 1959-68, 
the variation in quit rate experiences for a 
large s2t of industries can be rather well 
explained by the variation of a small set of 
largeiv search-informational variables. The 
fluctuation in job openings, industry de- 
mand levels, and season of year are par- 
ticularly strong. Relative wages are some- 
what. less so, while fluctuations in nominal 
wage levels generally have no particular 
relationship to quit rate fluctuations. Per- 
haps not surprisingly, “real” factors seem 
to dominate the movement of quit rates. 
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Employment Impacts of Textile Imports 
and Investment: A Vintage-Capital Model 


By PETER ĪSARD* 


“Development can be promoted by aid, 
but aid cannot and should not be relied 
on to do the whole job. The low-income 
countries need ...improved access for 
their products to the massive markets of 
the industrialized nations. Such export 
increases must come largely in manufac- 
tured goods.” 

President Richard M. Nixon 


_ Although valuable policy guidance con- 

tinues to emerge from the efforts of devel- 
opment planners to tackle the internal 
problems of allocating resources within the 
less developed countries (LDC), a strong 
consensus of opinion maintains that ex- 
ternal barriers are among the major ob- 
stacles to economic growth. Consequently, 
there is a need for complementary plan- 
ning efforts which deal with the problem of 
shifting production in high-income coun- 
tries away from the manufactures that are 
relatively advantageous for LDCs to pro- 
duce for export. This latter problem is 
loaded with political difficulties, insofar as 
the large potential markets for LDC man- 
ufacturing exports also represent the 
vested interests of large and politically 
powerful groups within the industrialized 
nations. Yet there is good reason to con- 
jecture that trade restrictions against LDC 
products would be less severe if politicians 
were presented with sophisticated eco- 
nomic estimates of the quantities of LDC 
manufactures which industrial countries 
can import at given short-run costs to their 


*International Finance Division, Federal Reserve 
Board. This paper is based upon my unpublished doc- 
toral dissertation and was not influenced by anyone on 
the Federal Keserve staff. I am particularly grateful for 
guidance received from Alan S. Manne and Donald B. 
Keesing. 
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vested interest groups.’ And as a challenge 
to the ahilosophical position of most econ- 
omists, the time has come to outline quan- 
titative industrial restructuring plans which 
suppor: the widely preached proposition 
that trade liberalization can make every- 
body better off in the long run. 

The purpose of this paper is to move 
toward a plan for limiting or gradually 
contracting the size of the U.S. textile 
sector, as measured by employment. By 
focusing on the economic constraints which 
relate textile employment, imports and 
investment, it is possible to compute rea- 
sonable estimates of the maximum growth 
of imports that is consistent with any given 
rate of 2mployment change. The design of 
efficient policies for achieving desired em- 
ployment levels, or other domestic textile 
objectives, can increase the development 
assistance provided to LDCs through U.S. 
textile imports. 

It should be noted that there is a con- 
siderable difference of opinion on the wis- 
dom cf choosing to promote LDC exports 
of textike manufactures. Existing theories 
and statistical indicators of comparative 
advantage, both neofactor-proportions and 
neotechnological accounts, characterize 
textiles as a manufacture which is strongly 
favorable to LDC production and export? 
But in a dynamic context, pursuit of high 
per cepita income is an effort to shift 

1 For exemple, between 1961 and 1968, U.S. restric- 
tions against textile imports not only protected vested 
interests, but also encouraged a 10.2 percent increase in 
the numer of domestic textile workers. Economic fore- 
sight mighi have promoted a more liberal import policy 
in order to have avoided this “undesirable” expansion 


of vestec interests. 
2 See Gary Hufbauer. 


VOL. 63 NO. 3 


comparative advantage into activities in 
which labor productivity is high. .Propo- 


nents of an outward-looking development _ 


strategy stress the importance of attempts 
to improve the productive and manage- 
ment skills of LDC human resources 
through contact and clese competition 
with the advanced countries.’ Thus, rather 
than promoting those exports which are 
comparatively cheap to produce under ini- 
tial factor endowments and technological 
considerations, it is desirable for LDCs to 
engage in those export activities which, 
through associated learning experiences, 
are likely to increase most rapidly the pro- 
ductivity of their human resources. From 
this long-run viewpoint, it is questionable 
whether strong promotion of LDC textile 
exports is desirable. 

From the viewpoint of potential short- 
run gains, however, the case is more con- 
clusive. Textile and apparel products rep- 
resent almost 50 percent of the manufac- 
tures which LDCs have managed to sell to 
the advanced countries (1965 data), while 
imports from all sources in 1970 supplied 
less than 5 percent of the large U.S. market 
for textiles. Consequently, a long range 
U.S. plan to allow the maximum import 
growth consistent with a gradual contrac- 
tion of.the U.S. textile sector could provide 
sizeable development assistance benefits 


to the LDCs. And under complementary 


measures designed to neutralize the em- 
ployment impacts and other potential 
costs to U.S. vested interests, the theory of 
international trade suggests that the 
United States as well as the LDCs could 
benefit from such contraction.® 


3 See Donald Keesing. 

t See Hal Lary, Table 16, p. 110. 

5 The international tensions which U.S. textile policy 
has created, both in coercing limitations on exports of 
noncotton textiles from Japan and other East Asian 
countries to the United States, and during meetings of 
the GATT Cotton Textiles Committee, provide all the 
more reason for reconciling in a Pareto-efficient manner 
the foreign and domestic interests concerned. 
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This paper takes the following approach 
to characterizing an efficient U.S. textile 
policy. Section I develops a vintage-capital 
production model of the U.S: textile sector 
and compares several econometric esti- 
mates of the rates of embodied and disem- 
bodied technical change. These estimates 
suggest that the employment impact of a 
given volume of imports is quite sensitive 
to the extent of new investment taking 
place. On the assumption that technical 
change in labor-output ratios is at least 


. two-thirds embodied, the estimates sug- 


gest that employment per unit output with 
new plant and equipment is between 35 
and 49 percent of the unit labor require- 
ment with marginally profitable plant and 
equipment. It follows that between 51 and 
65 percent of the employment impact of 
imports can be neutralized if a cutback in 
new plant and equipment investment al- 
lows imports to substitute for the addi- 
tional output of modern mills, rather than 
the output of marginally profitable mills. 
Obversely, a cutback in modernizing in- 
vestment can allow a target employment 
level to be achieved with more than twice 
the volume of imports that would be 
acceptable without the investment cut- 
back. | 

Section II projects several future time- 
paths of employment and imports that are 
jointly feasible under an investment- 
retirement policy designed to hold ap- 
proximately constant the estimated age of 
the oldest operating plant and equipment. — 
This describes several of the “wiser” 
choices that are available to U.S. policy 
makers. The target retirement age reflects 
a conjecture on the “maximum practical 
lifespan” of textile plant and equipment. 
No doubt, there is a moderate range for 
error in this conjecture, as well as in the. 
econometric estimates; and in conclusion, 
Section III discusses the limitations of the 
analysis. Fortunately, policy can be con- 
tinually adjusted from year to year in ac- 
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cordance with the feedback of empirical 
information; so initial policy formation 
does not require an extremely high degree 
of confidence in the estimated implications 
of each alternative. 


I. A Vintage Model of the U.S. 
Textile Sector 


The theoretical implications of vintage- 
capital production models have been de- 
veloped by Leif Johansen, Robert Solow 
(1962), and Solow, James Tobin, Christian 
von Weizsacker, and Menahem Yaari. 
Subsequently, vintage models have been 
applied empirically by Richard Attiyeh 
and James Barr. These models are able: 
(i) to reconcile fixed capital-labor propor- 
tions in existing microeconomic production 
units with observed capital-labor substitu- 
tion within industries over time; (ii) to ex- 
plain the phenomenon of new investment 
in an industry with idle capacity; and (iii) 
to distinguish the industry average labor- 
output ratio from the unit labor coefficient 
on marginally profitable capital, thereby 
allowing more accurate estimation of the 
employment loss which results when im- 
ports displace the output of marginally 
profitable firms. 

The following notation is used below. 


t =number of years after 1900 
v =the index of capital vintage of year 
1900+-v 
O.=aggregate textile production dur- 
ing year t 
L, =total textile production-worker 


man-hours employed during year t 

I, =investment in vintage v plant and 
equipment, or gross investment 
during year v 

I..=vintage v capital utilized during 
year t 

ay,,=the labor-output ratio on vintage 
v capital during year t 

b, „= the capital-output ratio on vintage 
v capital during year t 

m(t)=the oldest (marginally profitable) 
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vintage of capital utilized during 
year t 

d =the physical depreciation rate on 
capital, per year 


It is assumed that: 


Gi) All investment expenditures dur- 
ing year v are used to purchase 
plant and equipment of vintage v. 

(ii) There is a gestation lag of one 
year, such that all capital pur- 
chesed during year v is operable 
at full capacity during year v+1, 
but cannot operate before year 
v+1.° 

(iii) Once capital has gestated, it 
begins to depreciate at a constant 
exponential rate of d per year. 

(iv; During any year in which the 

~ level of production falls short of 
maximum potential output, it is 
the clder capital which stands 
idle while the more modern plant 
and equipment produces. More 
- precisely, if any available vintage 
v capital is lett idle during year t, 
all available vintage v— 1 capital 

is also left idle during year t.’ 


Together, assumptions (i)-(iv) define 
the equétions from which the vintage tech- 
nical pazameters can be estimated: 


0 for t—l<v 
(1) a= detti], for m(t)<v<t—1 
0 for v<m(t) 


ë The daza restrict attention to annual time periods, 
with investment data representing gross expenditures on 
new plant and equipment combined. Hence there are 
two reasons why a gestation lag of one year seems ap- 
propriate. First, investment expenditures, and outlays 
for new plant in particular, may partly occur before 
operation can begin. And second, not all plant and 
equipment is installed on the irst day of a given year: 
most new capacity is only available during a fraction of 
the year. 

? This sumption is considerably stronger than it 
may sound insofar as it requires that whenever any 
available vintage v equipment is left idle during year t, 
all available vintage v plant is also left idle. Disaggre- 
gated date on plant and equipment investments would 
make possible a more appealing formulation. 
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with 0 < Imit, SEETI Te ct) 








t—1 Tyi 
(2) Q: FR 
v=m (t) byt 
` t—1 
ay, 
(3) L= da 
yvy=m (t) byt 


Technical change is assumed to occur in 
the form: 


(4) dy, = ae et 
(5) : by + = þe". 


The unknown parameters % and k repre- 
sent the rates at which technical change is 
` embodied in successive vintages of capital, 
while c is the rate of disembodied decline in 
labor-output ratios over time. There is as- 
sumed to be no disembodied change in 
capital-output ratios. 

Equations (1)-(5) reduce to the model: 


t—1 key 


(6) Q = ra — gd(t-i-vi J, 
vom (t)+1 
gkm (t) 
F re Tin (+) 





bat} E 


v=m (t)+1 


e (k—k)v g~d {te aaay TY, 


na S ETT d 


for some m(t) and Ime. such that 
0 < Imee S eI Int 


The Q,, £1, and I, are observed data; while 
a, b,c, d, h, k, the m(t) and the Inc), are 
the unknowns to be estimated.® Produc- 

8 The model can be made more general by replacing 
(5) with 
(5°) by = bere St 
where f represents the rate of disembodied decline in 
capital-output ratios over time. Ncte then that 

by. = be te U th ve S(t-I-v) 
and equation (6) must be replaced by 
t-1 e(Stk)y 


(6°) Q: = 


eTEN aeie x 





vem(t)¢1 be 
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tion and employment data for the 1943-70 
period are presented and discussed in Ap- 
pendix Table 3. Investment data for 1319- 
69, together with an explanation of their 
construction, are available on request irom 
the author. 

A weighted first differencing of equation 
(6) yields: 

kt 


(8) Qe = ee t _ L+R 





where 
gkm(t+1) 
(9) R, = Lin G41) t41 
aia CTT 
b 


m{t+1) ky 


vam (t>41 


if m(t + 1) > m(t) 


+ 40 if m(t + 1) = m(t) 
m(t) v 
> 2 —d(t—v) F 
v=m (t-+1)41 


if m(t + 1) < m(t) 


The first stage of estimation treats the 
remainders R, as approximation errors and 
uses a non-linear least squares procadure 
to find that triplet (6, 2, å) which mini- 
mizes the sum of the squared errors: 


ekt 2 
>» (Ou ee isl 0) ors n) 
t b 
The remainder R, may be viewed és the 
sum of a “true” approximation error Rf 
plus a stochastic error t, where Af is de- 
fined from equation (9) under the true 
parameter values (b*, &*, d*). If the total 
error terms Rf-+, are independent and 


t ot 
n 
(6’) con’inued ptem) 


bel Iati. E 
Thus, estimates of the triplet (b, k, d) under (5) would 
correspond to estimates of (be, f+k, d—f) under (5°). 
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normally distributed with zero means, then ` 


the triplet (4, Å, å) is the maximum likeli- 
hood estimate of (b*, k*, d*). 

The validity of assuming that the error 
terms have zero means is questionable. 
Uncer plausible values of (b, k, d), R, tends 
to be negative whenever m(t-+1) >m(t), 
tends to be close to zero whenever m(t-+1) 
==m(t), and tends to be positive whenever 
m(t+1)<m(t). But unless growth of out- 
put and investment allow a strong trend of 
increasing marginal vintage age, the case 
m(t+1)>m(t) is expected to occur more 
frequently than the case m(t+1)<m(t). 
For example, a symmetric distribution of 
m(t+1) aboutm(t) withm(t+1)=m(t)+1 
for 5 out of 20 observation years, m(t+ 1) 
=m(t) for 10 years, and m(t+1)=m(t)—1 
for the remaining 5 years would increase 
the marginal vintage age by 20 years dur- 
ing the 20-year observation period. Ob- 
- versely, the marginal vintage age will stay 
constant only if m(t)+1 is the observed 
mean value of m(t+1). But if m(t-+1) 
=m(t)-+1 is indeed the expected case, Ri 
is more likely to be negative than positive. 
Multiple sampling of the Q.41, Qe, and J; 
for any particular t would not be likely to 
yield sample values of R,=R¥+u, that 
were normally distributed about a zero 
mean. 

‘This consideration suggests that the 
least squares estimates are not unbiased 
maximum likelihood estimates. To elimi- 
nate some of the bias, five cases in which 
QOr41<.98Q, were discarded from the sam- 
. ple; because a large decline in output is 
likely to induce a decline in marginal vin- 
tage age (i.e., m(t-+1) >m(t)+1), and the 
associated approximation errors would 
then be particularly large and negative. 
Nevertheless, discarding these observa- 
tions does not guarantee a small bias in the 
least squares estimates for the remaining 
: observation years.’ | 


*T am not aware of any formal statistical criterion 
-for judging how seriously these approximation errors 
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Tte least squares estimates for the data 
pericd t = 49-52, 54, 55, 58, and 60-66 are:’® 


(10) (6, È, d) = (.585, .00347, 5.96 x 10-8) 


While these values cannot be defended 
well on statistical grounds, on economic 
grounds they seem quite plausible. The 
estimate d~0 says there is virtually no 
phvs-cal depreciation of capital; but rather 
implies that retirement is attributable 
almost entirely to technological obsoles- 
cenceJ! The estimates 6=.585 and & 
=.0C547 imply br=.585e7 0v; so bs, 
= 495, This may be compared with other 
data, under the assumption that bsọ ap- 
proximates the average capital-output 





will bias the estimates of the non-linear model (8). 
Attiyeh and Barr have used different estimation pro- 
cedures. Attiyeh was forced by data limitations to 
select az his estimates the solution to # equations in x 
unknowns, a procedure which involves no statistical 
degr2es of freedom. Barr has made use of the assump- 
tion thet industry average labor compensation repre- 
sents a uniform competitive wage equal to value-added 
per wo-kEer on the oldest and marginally profitable vint- 
age in cperation. Attiyeh’s method is clearly undesir- 
able when data are adequate. Barr’s method is theoret- 
ically elegant; but in fact there are sufficient regional 
differer tials in textile earnings that such a procedure 
would probably understate marginal vintage age by at 
least 5 years. Barr’s method is also dificult to apply in 
the open economy contexi. See Isard (pp. 88-91, 100) 
for further discussion. 

0 Surcher stages of estimation make the approxima- 
tion J==). 

1 Throughout the data period, most of the capital 
estimated to have been in operation was younger than 
20 veers; and the estimate d~0 is probably very sensi- 
tive to his age structure. Since capital does not last 


forever the estimate of negligible depreciation on 


young zapital makes it appealing to use a ‘‘one-hoss 
shay” éssumption in the projections of Section II, as 
will be ciscussed further below. It may also be noted 
that the oldest operating age of any vintage during the 
data period is estimated to have been 32 years (see 
Table 1 below). However, the shape of the age pyramid 
suggests that the empirical implications of the model are 
not very sensitive to the rate of depreciation on capital 
older than 20 years, and consequently would not be 
much affected if this rate of depreciation was distin- 
guished and estimated separately from the rate of de- 
preciazion on capital younger than 20 years. Finally 
note thet under the generalization outlined in fn. 8, this 
estimate must be reinterpreted as d—f~0. Physical 
depreciztion is then almost entirely offset by disem- 
bodied change in capital-output ratios. 
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ratio for 1960-61 (or that the weighted- 
average age of capital in use during 1960- 
61 was approximately 10 years). There 
should then be agreement between 65, and 
data from U.S. corporation income tax 
returns, which record that the undepreci- 
ated book value of textile capital was .415 
times textile business receipts in 1960-61.” 

The discrepancy may result in large part 
from a failure to adjust book values up- 
wards in response to the inflation that has 
occurred in capital goods prices. 

Given the parameters (10), unique 
values of the m(t) and the Im. can be 
computed from (6). Table 1. shows the im- 
plied ages and birthdates of the marginal 
vintages in operation during each observa- 
tion year. The gradual increasing trend in 
marginal vintage ages can be attributed to 
an extension of profitable operating lives, 
due in part to the fact that unit labor re- 
quirements fell faster from vintage to 
vintage than real wages increased from 
year to year. In addition, rapid demand 
growth during the 1960’s made it profitable 
for idle mills to resume operations, which 
also shows up in the marginal vintage age 
estimates. 

As a further test of the estimates, the 
cyclical behavior of the implied marginal 
vintage ages may be compared with statis- 
tics on unfilled orders, also shown in Table 
1. An increase in unfilled orders is expected 
to draw previously idle vintages back into 
operation (through cyclical influences on 
prices and profit rates), thereby increasing 
the marginal vintage age; and vice versa. 
This expectation seems confirmed. In only 
two out of nineteen cases do marginal vin- 
tage age and unfilled orders change in 
opposite directions. 

The implied values of the m(t) and the 
Im. can now be used along with (10) and 
(1) to compute first the implied 7,,, and 
then that estimate of (a, c, k) which mini- 


2 See Internal Revenue Service. 
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TABLE 1— ESTIMATED BIRTHDATES AND AGES OF 
MARGINAL VINTAGES IN OPERATION, AND 
UNFILLED ORDERS AT THE END OF THE 
Previous YEAR, 1948-67 


Unfilled orders 
Birth year Age of at the end of 
r of marginal marginal year t— i ` 
Yearof vintagein vintagein (in weeks of 
operation operation operation equivalent 

t m(t) t—m(t) production)® 
48 24 24 16.2 
49 26 23 5.8 
50 26 24 12.6 
51 27 24 15.6 
52 28 24 9.4 
53 29 24 10.1 
54 32 22 7.1 
55 30. 25 10.2 
56 31 25% 13.6 
57 34 23 10.5 
58 36 22 11.1 
59 32 27 13.5 
60 35 25 21.5 
61 36 25 o.9 
62 35 27 11.9 
63 36 27 11.1 
64 36 28 12.8 
65 34 31 18,2 
66 34 32 20.3 
67 38 29 18.2 





a Office of Business Economics, Business Statistics, 
Washington 1967. 


mizes the sum of the squared errors in (7): 


67 gett t = 2 
iD (z Eza $ Z cf, a) 


t=48 vem (t) 





The least squares estimate is: 
(11) (âo, ĉo, ho) = (1.463, .0403, .0024) 


The values of Åo and ĉo are rates of change 


per year; while @ is measured in man- 


hours per constant (1957-59) dollar’s 
worth of output. 

The estimate (11) attributes most of the 
decline in labor-output ratios to disem- 
bodied efficiency increases (ĉo = .0403), and 
suggests that very little of the observed 


change has been embodied in new capital 


vintages (o= .0024). This does not con- 
form with a priori expectations. In the 
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opinion of Solow, purely disembodied 
change 


does not correspond very well with what 
actually goes on in the world under the 
name of technological progress... . it 
is not at all a metaphysical question 
whether technical progress is predomi- 
nantly embodied or disembodied, 
whether gross investment is or is not the 
major vehicle by which new knowledge 
makes its way into the process of pro- 
ducticn. If it is not, then a stationary 
economy, or even one whose convention- 
ally measured gross investment is zero, 
will find its productivity increasing as 
rapidly as a growing economy which al- 
Jocates a substantial fraction of its ca- 
pacity to conventionally-measured net 
investment. If it is, then acts of invest- 
ment serve the double purpose of adding 
to the stock of capital goods available 
for future production and making that 
stock a little more modern, or raising the 
average level] of technology available for 

use. [1963, pp. 42-44] 

Moreover, such a low rate of embodied 
change (/o= .0024) implies little difference 
between unit labor requirements on new 
and old capital vintages (for example, 
Gti .93 dso). And with only slight 
embodied decline in capital-output ratios, 
it seerns difficult to rationalize the observa- 
tion of kigh rates of investment in an in- 
dustry with idle plant and equipment. 

For these reasons it was decided to 
examine how the statistical quality of the 
estimate would be affected by constraining 
technical change to be predominantly em- 
bodied. Two alternative estimates were 
computed, corresponding to the hypoth- 
eses: (i)’that the change in labor-output 
ratios is purely embodied (i.e., c=0); and 
(ii) that the change in labor-output ratios 
from ane year’s newest vintage to the next 
year’s newest vintage, c+, is approxi- 
mately two-thirds embodied (specifically, 
h= .03). These alternative hypotheses, re- 
spectively, yield the least squares esti- 
mates 


(12) (dx, ĉn $1) = (.893, 0, .0436) 
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and 


(13) (âs, ĉn, As) = (1.153, .0148, .03) 


Neitner of two statistical comparisons 
prov.des more than a very weak basis for 
choosing between the three estimates 
(11)-(13).¥ 

Because of the difficulty in choosing a 
preferred estimate, the policy implications ~ 
of each of the three estimates are presented 
below. It is nevertheless tempting to as- 
sume that technical change is at least two- 
thirds embodied, in which case the follow- 
ing computations suggest the desirability 
of pckcy revision. Under the hypothesis 
that technical change is approximately 


138 The first comparison computes for each estimate the 
square rot of the mean squared deviation between ob- 
served and predicted employments (conventionally 
called the root mean squared error) as a fraction of the 
mean observed employment. At the estimates (11), 
(12), auc {13), this statistic takes the respective values 
0175, €603, and .0403. By subtracting these values 
from umizy, measures are obtained of the degree of vari- 
ance explained by the three estimates. Thus, the esti- 
mate ¢_1) explains 98.2 percent, (12) explains 94 per- 
cent, arc (13) explains 96 percent. 

The second comparison tests the accuracy of each 
estimate in predicting employment levels for 1968-70, 
the three vears following the data period used in esti- 
mating the parameters. Each of the estimates consis- 


Predicted minus observed employment as 
a fraction of observed employment 


Year Basedon  Basedon Based on 
t (11) (12) (13) 
6E — .063 — .026 — .059 
6c — .074 — .037 — O71 
7C — .091 — .100 =l 
Average — .076 — .054 — .082 


tently anderpredicts employment, with predictions 
becomirg progressively worse over time. In part, this 
may refiect a reluctance of employers to lay off workers 
during a cownturn; and for 1970 it may reflect the addi- ` 
tional d-fliculty of reducing work shifts below 40 hours 
per week. (Average weekly hours of production workers 
were 41 Z 40.8 and 39.9 during the three successive 
years. See U.S, Department of Labor.) On average, the 
estimate of purely embodied change yields the most 
accurate dredictions, although it is judged the least 
accurate by the first test above. 
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two-thirds embodied, the labor-output 
ratio on the most modern plant and equip- 
ment operated during 1970 is estimated to 
have been 49 percent of the unit labor re- 
quirement in the oldest and marginally 
profitable mills. Similarly, under the hy- 
pothesis of purely embodied change, mod- 
ern mills in 1970 are estimated to have 
employed 35 percent as much labor per 
unit output as the oldest operating mills. 
Therefore, if technical change is at least 
two-thirds embodied, these estimates sug- 
gest that between 51 and 65 percent of the 
employment impact of 1970 imports could 
have been neutralized by cutting back 
1969 investment in anticipation of the 
“imports, thereby allowing imports to sub- 
stitute for the additional output of mod- 
ern mills instead of forcing marginally 
profitable mills to close. Obversely, such a 
cut back in new investmert would have 
allowed 1970 imports to increase by an 
estimated factor between 2.04 (=1/.49) 
and 2.86 (=1/.35) without affecting 1970 
employment. 


II. Toward an Efficient Policy for the 
1971-85 Period 


Under a welfare criterion associated 
with Pareto, it is widely accepted that no 
policy should be undertaken unless it is 
“efficient” in the sense that no other policy 
could increase the well-being of any one 
group of economic participants without 
reducing the well-being of any other group. 
In practical judgement of economic policy, 
however, it is difficult to take into account 
the well-being of all economic participants, 
or even to define precisely the well-being 
of those participants who are most affected 
by the policy in question. Nevertheless, 
economists generally accept the somewhat 
vague proposition that it is efficient to 
expand domestic production of a tradeable 
good only if the value-added in production 
is sufficient to pay domestic factors of 
production their opportunity costs when 
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the product (and each tradeable input) is 
valued at its world market price.” 

According to this criterion, it does not 
seem efficient to encourage the expansion 
of the U.S. textile sector, which requires 
tariff and quota protection to attract its 
factors of production. On the other hand, 
to the extent that existing textile resources 
are specific to the industry, it is Pareto- 
efficient to contract domestic textile re- 
sources only if vested resources can be 
compensated for their losses. This suggests 
that an efficient U.S. textile policy is one 
which liberalizes imports in a manner con- 
trolled to phase out the domestic textile 
sector at the rate at which existing textile 
capital is scheduled for retirement,’ and 
which is accompanied by demand-creation 
programs to insure a compensating num- 
ber of new jobs in the regions of import- 
created unemployment. 

Contrary to these considerations, U.S. 
policy encouraged the textile sector to 
undertake substantial new investment and 
additions to employment during the 1961- 
68 period. In 1961, the Kennedy Adminis- 
tration requested that GATT meet to seek 
an “international understanding” on tex- 
tile trade,'* which led to the Long Term Ar- 
rangement Regarding International Trade 
in Cotton Textiles (LTA) Under the 


4 The “world market price” of a product is not, how- 
ever, a well-defined concept. 

15 Or can be sold to other countries or converted to 
other uses without substantial loss to present owners. 

16 This was part of a seven point program of assistance 
to the U.S. textile industry, which represented both a 
fulfillment of campaign promises and part of a deal in 
which the textile industry agreed not to lobby against 
the Trade Expansion Act and the subsequent Kennedy 
Round negotiations for liberalizing international trade. 
See Thomas Curtis. 

1 The LTA, which became effective on October 1, 
1962, after a one-year Short Term Arrangement, relates 
only to textile and apparel products in which cotton 
represents more than 50 percent of the fiber content, by 
weight. Under the terms of agreement, exports of such 
products may be limited only when they cause “disrup- 
tions” in markets of importing countries. According to 
GATT: 


These situations [market disruptions] generally con- 


410 THE AMERICAN ECONOMIC REVIEW 


LTA, the United States has imposed 5 per- 
cent quotas on the annual growth rate of 
cotton textile imports from most foreign 
suppliers outside the Western industrial 
bloc. Introduction of this import protec- 
tion followed a liberalization of deprecia- 
tion allowances on textile investments in 
late 1961, which reduced the average use- 
ful tax life of textile mill equipment from 
25 to 14 years (and to 12 years for finishing 
equipment). These measures provided in- 
centives for new textile investments, which 
were amplified by rapid 5 percent average 
annual growth of real domestic textile 
demand during the 1961-68 period. In- 
vestment skyrocketed! From annual rates 
in the range of $300 million constant 
(1958) dollars during the 1953-61 years, 
spending on new textile plant and equip- 
ment rose steadily to approximately $800 
million in 1966, and averaged over $500 
million during the 1967-69 years. By mid- 
1966 this was cause for alarm. To quote 
Curtis: 
The great increase of productive ca- 
pacity for the U.S. textile industry is 
one of the key elements of concern 


about the future of that industry. The 
wiser policy would seem to be to un- 


shackle import competition now, 
through more liberal administration of 
the long-term arrangement.... The 


tain the following elements in combination: 
(i) a sharp and substantial increase or potential 


increase of imports of particular products from par- 


ticular sources; 

(ii) these products are offered at prices which are 
substantially below those prevailing for similar goods of 
comparable quality in the market of the importing 
country; 

(iii) there is serious damage to domestic producers 
or threat thereof;....,... 

In connection with sub-paragraph (iii) the “damage” 
referred to must be damage caused directly by market 
disruption, and not by any change of consumer taste, 
technological advance, or similar factors. [pp. 14 and 22] 


In practice, the United States in particular has inter- 
preted any acceleration of imports as market disrup- 
tion, even though imports through 1970 have never 
supplied more than 5 percent of domestic consumption. 
There have been loud protests from exporting countries, 
who have twice been forced into renewing the LTA, 
which now extends until October 1973. See Isard, ch. 3. 
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real danger is that the capacity being 
created will only increase pressure to 
protect this new capacity later even 
though it be inefficient. It is no favor to 
the wage earner to entice him into a job 
which has an unstable economic base. 

[pp. 20988-89] 


By 1968, U.S. textile employment had 
increased to 10.2 percent above its 1961 
level, despite more than a 20 percent in- 
crease in the average real product of pro- 
duction workers. These new vested inter- 
ests suffered from the decline in domestic 
textile demand between 1968 and 1970, 
which was accompanied by an acceleration 
of imports of man-made fiber products. 
As a consequence, the Nixon Administra- 
tion forced new limitations on textile im- 
ports from Japan, Hong Kong, South 
Korea, and Taiwan.'® Unless modified in 
the interest of an efficient long-run textile 
policy, these new limitations on woolens 
and man-made fiber products, together 
with continued use of cotton textile quotas 
under the LTA, are likely to foster a re- 
newed expansion of the domestic textile 
sector once the U.S. economy again be- 
gins tə exhibit a healthy real growth rate. 

Suppose, however, that it is indeed pos- 
sible to convince political pressure groups 
of the wisdom of an efficient textile policy. 
What would constitute an efficient policy 
for the 1971-85 period? 

The answer to this question requires a 
judgement on the maximum rate at which 
the U.S. textile sector can be contracted 
without imposing “significant” or ‘‘politi- 
cally unacceptable” costs on existing 
vested interest groups. This in turn de- 


18 These limitations cover eighteen categories of tex- 
tiles end apparels consisting of man-made and wool 
fibers. Japan has agreed to limit the rate of growth of 
exports of these products to 5 percent per year, for 3 
years; while the other three countries have agreed not 
to experd their exports by more than 7.5 percent per 
year, for 5 years. The agreements became effective as of 
October 1, 1971, with the base year for measurement the 
12 months ending March 31, 1971. See The New York 
Times, Cct. 16, 1971, and The Economist, Oct. 23, 1971. 
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pends very much on the potency with 
which demand-creation programs can be 
designed to shift workers out of the textile 
sector into other activities. 

For lack of.such a judgement, the re- 
mainder of this section will consider sev- 
eral alternative rates of contraction of the 
size of the U.S. textile sector, as measured 
by employment. Under “pessimistic,” 
“preferred,” and “optimistic” forecasts of 
the rate of growth of textile demand, the 
vintage model and technical change esti- 
mates from Section I will be used to com- 
pute the growth of imports that is consis- 
tent with these alternative rates of em- 
ployment decline, under an investment- 
retirement policy designed to hold at ap- 
proximately 25 years the age of the oldest 
operating capital vintage. The choice of 25 
years as a target retirement age is judged 


to be approximately optimal insofar as it- 


utilizes existing capital for close to its 
“maximum practical lifespan” before re- 
placing it with modern plant and equip- 
ment. 


18 The estimate (10) suggests that there is almost no 
physical depreciation on young capital (recall fn. 11), 
which in turn suggests that once depreciation starts, it 
proceeds quite rapidly. This makes it tempting to think 
of capital as a one-hoss shay, which remains as good as 
new throughout its entire lifespan and then disintegrates 
instantaneously. If one were to vary the lifespan of the 
one-hoss shay until its depreciation curve best fit the 
“true” depreciation curve of textile capital, one would 
arrive at what I have chosen to call the “maximum prac- 
tical lifespan” of textile capital. There are several 
foundations for the conjecture that 25 years approx- 
imates this maximum practical lifespan. First, even 
though Table 1 estimates that vintages as old as 32 
years were in operation during the 1961-68 boom, when 
idle mills were reopened for production, the rise in the 
ratio of equipment to plant expenditures since World 
War II suggests a shorter practical lifespan for postwar 
investments. Second, independent evidence from cor- 
porate income tax records for 1954 and 1955, “the lat- 
est years in which reported depreciation allowances 
were largely free from the effects of the adoption of 
curvilinear depreciation methods under the Internal 
Revenue Cede of 1954,” show that depreciation charges 
by textile firms were consistent with the choice to use 
physical assets for an average life of 19 years, as opposed 
to 29 years during the prewar period (see Bert Hickman, 
pp. 238-43). This provides a lower bound on the max- 
imum practical life. 
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The base vear for projection is 1970, 
when domestic textile output (Q70), do- 
mestic plus export demand (D1), imports 
(M74) and production-worker employment 
(Lio) were at the levels: 


Qi = 21.070 billion constant (1957-59) 


dollars 
Dy = 22.042 billion constant (1957-59) 
dollars 
Mai = 0.972 billion constant (1957-59) 
. dollars : 
La = 1.757 billion production-worker 


man-hours 


Twenty-five capital vintages are estimated 
to have been in operation to produce Q79, 
so that average output per vintage was .84 
billion. Since the maximum practical life- 
span of textile capital has been conjectured 
to also be 25, it is appealing to consider the 
simple retirement policy which in each 
year closes down Just enough of the oldest 
plant and equipment to reduce output 
capacity (net of new additions to capacity) 
by .84 billion.” When such a retirement 
policy is combined with new investment at 
the level Z+, the resulting change in em- 
ployment between years t and t+1, under 
full capacity operation, can be approxi- 
mated as: 


(14) Lipi — h= 
— „B4ae tte” (t25) 


— (L, — .B4ae™teht-25)(1 — e°) 


+ 





The top line on the right-hand side of this 
equation represents the employment loss 
on retired capacity, the second line is the 
employment loss due to disembodied tech- 


2 It can be computed that during the 1971-85 period 
such a simple retirement policy would result in the fol- 
lowing frequency distribution of marginal vintage ages: 
26 years, 3 times; 25 years, 7 times; 24 years, 3 times; 
23 years, 2 times. 
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nical change on all but the most modern 
vintage, and the third line is the employ- 
ment gain on new additions to capacity. 

Suppose now that U.S policy makers 
choose to phase out textile employment at 
the exponential rate z per year, or that the 
target employment path is 


(15) Ly = et L fort = 71,,..., 85 


Under the simple retirement policy 
proposed above, equation (14) defines a 
stream of investments that will keep tex- 
tile employment approximately on this 
target path. In particular, by substituting 
(15) into (14) and then solving for J,, this 
target investment stream is seen to be: 


(16) I, = .84de25%e*t 
b 
+ Rie (eo? PAS Ljet zglethtk-z)t T ng 
a 


for t = 70,... 84 


The problems of designing policies or coor- 
dination mechanisms to keep new invest- 
ment (and retirement) on target might in 
practice prove to be among the more diffi- 
cult and interesting aspects of an efficient 
textile policy; but here these problems are 
by-passed to focus instead upon the ques- 
tion of import liberalization. 

If new investment and retirement are 
kept on target, full capacity output (Ọ) of 
all operable capital follows the time path: 

L 
(17) a 
fort = 70,..., 84 


Our = Or. — 84 + 





Adherence to the target employment path 
requires that domestic production be main- 
tained at these full capacity levels. Thus, 
if Di41 represents the sum of domestic 
textile Cemand plus the demand for U.S. 
textile exports in year t+1, the level of 
imports (M,41) consistent with target 
employment is 


Mar = Deas D Qiri 
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Alternatively, the increase in imports that 
is ccnsistent with adherence to target 
employment is 

Msi — M, = (Dipi e D,) or (Ors = Qy 
or from (17), 

I, 
bett 
fort = 70,..., 84 


(18) Mir — Mi = Dizi — Di + 84 — 





The growth of demand must be forecast 
to estimate in advance the increase in im- 
ports that is consistent with target em- 
ployment. 

In practice, policy could be designed to 
anncunce the rate of import liberalization 
on a short-term basis, thereby making use 
of short-term forecasts to predict cyclical 
movements in demand, and also allowing 
for adjustments to compensate for errors in 
previous forecasts of demand growth. 
Nevertheless, in order to estimate the long- 
run development assistance implications of 
any particular target rate of employment 
decline, and in order to allow exporting 
countzies to forecast the long-run growth 
of the U.S. market for their products, it 
is desirable to calculate the import growth 
that is consistent with long-run forecasts of 
the growth of demand. 

The problems of forecasting the long- 
run growth of demand have been dealt 
with in my doctoral dissertation. Exports 
constizute less than 5 percent of the com- 
bined domestic plus export demand, so 
that tae growth rate of domestic demand 
is a good estimate of the growth rate of the 
combined demand. Because of the histori- 
cally erratic nature of domestic demand 
growth, three alternative forecasts are 
adopted here. A pessimistic forecast pre- 
dicts & 2 percent annual exponential rate 
of growth; a preferred forecast predicts a 
3.5 percent rate; and an optimistic forecast 
predicts 5 percent. The pessimistic rate 
corresponds roughly to the experience of 
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the 1950’s; and the optimistic rate reflects 
the 1961-68 experience. The preferred 3.5 
percent rate corresponds to a per capita 
income elasticity of .80 to .83 if real GNP 
grows at 4 percent per year, cr .66 to .71 if 
real GNP grows at 4.5 percent, using the 
range of population projections that are 
published by the Census Bureau.” There 
is some evidence that U.S. industry is 
basing its future plans on predictions 
which lie between the preferred and opti- 
mistic forecasts.” 

Under the annual exponential growth 
rate g, domestic plus export demand in 
year t is: 


(19) D, = g? (t10) Dx. 
and equation (18) becomes 
(20) Misi — My = (e — 1)e2-7 Dag 





L 
a eer 
fort = 70,..., 84 


Table 2 shows the total growth in im- 
ports over the 1971~85 period (i.e., the 
value of Ms5s— Mro) that is consistent with 


21 If N represents population and gpp, gv, and genp 
respectively, represent the growth rates of domestic 
demand, population, and GNP, then the per capita 
income elasticity a is defined implici-ly by 

DD GNP \7 


— = 


N N } 


where c is a constant; and a is estimated from the im- 
plied relationship 


_ DD EN 
EGNP ~~ EN 


The Bureau of the Census (1971) forecasts population 
to grow at an average annual exponential rate between 
1.05 percent (the Series E projection) and 1.54 percent 
(Series B) during the 1970-85 period. 

2 Charles B. McCoy, President of Dupont, the larg- 
est man-made fiber producer, has predicted that U.S. 
consumers will increase their purcheses of textile prod- 
ucts by at least 50 percent between 1970 and 1980 (see 
The New Fork Times, March 21, 1970). The preferred 
forecast predicts that demand will increase by 42 per- 
cent every 10 years, while the optimistic forecast pre- 
dicts a 65 percent increase. 
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target employment under five alternative 
target rates of employment decline (z=0, 
015, .03, .045, .06), three alternative fore- 
casts of the rate of demand growth (g= .02, 
.035, .05), the assumption that technical 
change in capital-output ratios will pro- 
cede according to the estimate (10), and 
three alternative hypotheses regarding 
technical change in labor-output ratios 
(the parameters of (11)—(13)). 

The table suggests that if long-run 
demand growth slackens from the 5 per- 
cent annual pace witnessed during the 
1961-68 period, import liberalization is not 
consistent with a constant (or increasing) 
level of employment. However, if a target 


. rate of employment decline of at least 3 


percent per year is chosen, then the pre- 
ferred forecast of 3.5 percent annual de- 
mand growth allows for substantial growth 
of imports under any of the three hypoth- 
eses regarding technical change in unit 
labor requirements. It is worth stressing 


the fact that the import implicaticns are 


fairly insensitive to the nature of technical 
change when employment is reduced by at 
least 3 percent per year. Under the 3 per- 
cent target, the preferred demand forecast 
suggests that imports can increase t more 
than 11 times their base year level (Myo 
= .97) in 1985. Each year would allow 
imports to increase by an average of at 
least .67 billion over the previous year’s 
level; and on the average, each year’s im- 
port total would be at least 5 billion dollars 
greater than the level of 1970 imports. 
With preferential trade agreements, if 
necessary, to insure that a substantial frac- 
tion of the additional import orders were 
captured by the LDCs, such a policy would 
provide a significant amount of develop- 
ment assistance. 


III. Qualifications and Conclusions 


Several crude assumptions have been 
adopted in structuring and estimating the 
vintage model of Section I: the available 
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TABLE 2—THE IMPORT IMPLICATIONS OF ALTERNATIVE TARGET EMPLOYMENT Partus 
UNDER APPROXIMATELY EFFICIENT INVESTMENT AND RETIREMENT POLICIES 


f 


Hypothesized form of technical change 


Two-thirds 
Target Forecast Disembodied, Embodied, embodied, 
rate of growth see equation see equation see equation 
employment rate of (11) (12) (13). 
~ decline demand 
(z) (g) ASSOCIATED LEVELS OF Mgs ~M 
.02 —13.3 —17.2 —17.3 
0.9 „035 — 5.7 — 9.7 — 9.8 
.05 3.7 — 0.3 — 0.4 
; .02 — 4.3 — 5.7 — 6.2 
O15 „035 3.2 1.8 1.3 
05 12.6 11.2 10.7 
02 2.9 3.2 255 
03 .035 10.4 10.7 10.0 
.O5 ° 19.8. 20.1 19.4 
.02 8.6 10.0 9.3 
045 035 16.1 17.6 16.8 
.05 25.5 27.0 26.2 
.02 13.1 15.3 14.6 
i .06 035 20.6 22.8 22.1 
„05 30.0 32.2 31.5 


® In billions of constant (1957-59) dollars. 


data did not enable a disaggregation oi 
plant and equipment investment; and the 
most acceptable method of estimating the 
model involved the strong error assump- 
tion adopted in fitting equation (8). More- 
over, the policy alternatives investigated 
in Section ITI are based upon a fairly crude 
conjecture regarding the maximum practi- 
cal use that can be obtained from textile 
plant and equipment. Thus, Table 2 is 
offered as a rough approximation of the 
maximum import growth that is feasible 
under alternative target employment paths, 
for a range of demand growth and techni- 
cal change contingencies. 

Despite the room for empirical refine- 
ment, the tenor of the conclusions is 
strong. With 1970 textile imports repre- 
senting less than 5 percent of the U.S. 
market, there is substantial room for de- 
velopment assistance through import lib- 


eralization. Such development assistance 
can be made available to LDCs through a 
restructuring of policy toward the long-run 
goal of zradually phasing out the domestic 
textile sector. If new investment and capi- 
tal retirement are controlled in a manner 
designed to obtain (close to) the maximum 
practical use from existing plant and 
equipment, the import levels consistent 
with any target path of employment de- 
cline will be (approximately) maximized. 
In particular, on the assumption that tech- 
nical change in labor-output ratios is at 
least two-thirds embodied, the import 
levels that are consistent with any decline 
in textile employment can be increased by 
an estimated factor of 2.04 to 2.86 if new 
investment is cut back, in anticipation of 
the imports, in order to avoid the closure 
of marginally profitable mills with rela- 
tively Ligh unit labor requirements. 


f 
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Fortunately, policy formulation does 
not require an extremely high degree of 
confidence in the estimated economic im- 
plications of each alternative. Policy can 
be adjusted over time as new information 
becomes available to challenge the wisdom 
of the target retirement age, the predic- 
tions of demand growth, or the accuracy 


Z 
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of the estimated capital-output and lebor- 
output ratios. In practice, the major diff- 
culty of designing a policy to phase out 
comparatively disadvantageous production 
activities is the strong opposition from 
groups with vested interests in these ac- 
tivities. The challenge is to construct com- 
plementary policies to compensate fcr the 
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TABLE 3--U.S. TEXTILE EMPLOYMENT, PRODUCTION, Imports, 
EXPORTS, AND Domestic DEMAND, 1948-70 


Year Employ:nent® Production 
1948 2.544 12.857 
1949 2.157 11.894 
1950 2.407 13.537 
1951 2.313 13.395 
1952 2.182 13.282 
1953 2.163 13.551 
1954 1.898 12.673 
1955 2.005 14.004 
1956 1.949 14.217 
1957 1.807 13.664 
1958 1.671 13.353 
1959 1.801 15.463 
1960 1.715 14.868 
1961 1.670 15.151 
1962 1.715 16.327 
1963 1.675 16.553 
1964 1.702 17.403 
1965 1.797 19.102 
i 1966 1.871 20.178 
1967 . 1.805 20.107 
1968 1.887 21.382 
1969 1.869 21.835 
1970 1o57 21.070 


Domestic 

Imports* Exports® Demand? 
409 442 14.184 
386 461 13.589 
388 .435 13.307 
491 449 15.504 
.556 .473 14.95] 
.505 .470 15.187 
.644 487 16.484 
669 484 16.738 
670 © .570 17.502 
774 514 19.362 
866 .532 20.511 
759 .496 20.370 
. 867 .470 21.779 
„888 „501 22.221 
.972 .516 21.526 


® Billions of production-worker man-hours per year. Constructed using data on 
production-worker employment and average weekly hours from U.S. Department of 


Labor. 


> Billions of constant (1957-59) dollars. Constructed by multiplying the FRB produc- 
tion index for textiles (from Board of Governors of the Federal Reserve System) by .1416. 
This conversion factor was derived using data on value of shipments and end-of-year 
inventories from Office of Business Economics, Surv. Curr. Bus., various issues, along 
with a textile consumer price deflator that was provided by the Bureau of Labor Statistics 
(BLS). The deflated sum of value of shipments plus increase if end-of-year inventories 
(in billions of 1957-59 dollars) was .1416 times as large as the FRB index in both 1963 


and 1964, and .1417 times as large in 1965. 


e Billions of constant (1957-59) dollars. Current dollar data are from: Bureau of the 
Census, Statistical 4 bstracts, various issues; Office of Business Economics, Surv. Curr. 
Bus., various issues; and U.S. Tariff Commission. The deflator is the BLS consumer 


price index for textiles. 


4 Billions of constant (1957-59) dollars. Domestic demand equals domestic production 


plus imports minus exports. 
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losses of these groups, and thus to end 
their opposition. Without efforts to meet 
the challenge of restructuring production 
activities to conform with international 
comparative advantages, it is pure’ hypoc- 
risy for politicians in the industrialized 
countries to express their interest in as- 
sisting development by promoting the ex- 
port of LDC manufactures. 
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A Generalization of the Pure Theory 
of Public Goods g 


By BRYAN ELLICKSON* 


The concept of a pure public good for- 
malized by Paul Samuelson (1954) has 
frequently been criticized for failing to 
admit the possibility of exclusion or 
_ crowding. In most public consumption— 
viewing a movie, belonging to a neighbor- 
hood, sending children to school, or shar- 
ing a dwelling—one shares consumption 
with some but not all other members of 
society. Adding another person to a shar- 
ing group while maintaining the quality of 
the service consumed will in general re- 
quire additional resources. Most goods are 
public, but few are purely public. 

This paper extends the concept of a 
public good to cover cases in which ex- 
clusion or crowding occurs. Like Samuel- 
son, I assume that a public good is equally 
available to every member of a group to 
which it is provided. However, rather 
than assuming that evervone shares the 
public good, I permit the partition of the 
members of the economy into distinct 
sharing groups or “jurisdictions.” The 
resources required to provide a public 
good to the members of a jurisdiction may 
depend on the size of the jurisdiction. 
Thus, both exclusion and crowding of 
public goods are admitted into the anal- 
ysis. 

The theory developed here not only per- 
mits the analysis of a wide class of public 
goods but sheds new light on certain re- 
sults which have been obtained for the 
case oi pure public goods. In particular, 
when crowding and exclusion are present, 


* Assistant professor, University of California, Los 
Angeles. I have benefited greatly from comments by 
Joseph Newhouse, Joseph Ostroy, and a referee. 
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the Lindahl equilibrium need not be in the 
core and the core itself may be empty. 
These results stem directly from the fact 
that, within the context of this generalized 
model of public goods, the aggregate tech- 
nology set may not be convex. 

In contrast to the usual conclusion in 
economics, the presence of nonconvexity 
does not prevent further analysis of the 
allocative process in such an economy. By 
admitting nonconvexity, the theory is 
able to accommodate ‘neighborhood’? 
and “local political jurisdiction” as legi- 
timate analytical constructs. For a fixed 
assignment of individuals to jurisdictions, 
it is possible to prove the existence and 
relative Pareto optimality of a Lindahl 
equilibrium or of what Duncan Foley 
(1967) has called a public competitive 
equilibrium. However, because of the pres- 
ence of nonconvexity, prices can guide the 
assignment of individuals to jurisdictions 
only under highly specialized circum- 
stances. 

Section I reviews the theory of pure 
public goods in terms of a three-person 
economy. Section IT introduces crowding 
of the public good and the possibility of 
exclusion into this economy and exhibits 
cases where the Lindahl allocation lies 
outside ož the core and where tke core is 
empty, respectively. Section III explores 
the nature of the nonconvexity introduced 
by crowding and exclusion while Section 
IV interprets this nonconvexity as a type 
of indivisibility. After a brief discussion in 
Section V of the type of exclusion assumed 
in this analysis, Section VI turns to the 
general question of the relationship be- 
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tween competitive analysis and the or- 
ganization of collective consumption—the 
pattern of sharing public goods. Section 
VII demonstrates the failure of Lindahl 
prices to guide the assignment of indivi- 
duals to jurisdictions. Section VIII relates 
the theory of public goods developed in 
this paper to James Buchanan’s theory of 
clubs. | 


I. Pure Public Goods 


Consider a three-person economy with 
two commodities, one private and one 
purely public. The tastes of the ¿th in- 
dividual are represented by 


(1) Ui = Nig (i = 1, 2, 3) 


where x; is the amount of the private 
good and g the amount of the public good 
consumed. The 7zth individual has an 
initial endowment, w,, of the private good; 
no public goods are initially owned; and 
public goods cannot be used as inputs to 
production. The economy faces the re- 
source constraint 


3 3 
(2) cet > n= Y w 

i=1 i=1 
where c is a positive constant. The Pareto 
optimal level of the public good is then! 


Wy + We + We 
(3) A a 
2c 


In their search for an analogue to com- 
petitive equilibrium in an economy with 
public goods, economists have given con- 
siderable attention to Lindahl equilibria 
(see Erik Lindahl, Leif Johansen,and Foley 
(1970)). The distinguishing feature of a 
Lindahl equilibrium is that taxes are levied 
in such a manner that each individual’s 
“demand” for the public good will be 
brought into exact equality with the 


1 Equating the sum of marginal rates of substituion to 
marginal cost, (ai-+ae-+-~3)/g=¢. Using equation (2), 
this relation can be translated into equation (3). 
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amount supplied. In our three-person econ- 
omy, the level of public good supplied 
in the Lindahl equilibrium is given by 
equation (3). Setting the price of the pri- 
vate good arbitrarily equal to unity, the 
budget line of the tth individual will be 
tangent to his indifference curve at the 
Lindahl allocation provided that he is 
taxed en amount? 

(4) li = (i = 1, 2, 3) 

Foley (1970) has proved under rela- 
tively general conditions, satisfied by our 
three-nerson economy, that the Lindahl 
equilibrium exists, that it is Pareto op- 
cimal, and that it belongs to the core. 
+oley puts great stress on the third result: 
no coalition can, using only its own re- 
sources achieve an allocation which 
makes each of its members better off than 
in the Lindahl equilibrium. Samuelson 
(1969) ñas voiced considerable skepticism 
concerning the relevance of Lindahl equi- 
Ebria to the political-economic decision- 
making process. But as Foley observes: 
“There is some reason to think that the 


core is a meaningful political concept” 
(1970, d. 71). 


II. Crowded Public Goods, Lindahl 
Equilibria and the Core 


The case for the relevance of Lindahl 
equilibria would be stronger if one could 
prove scme analogue of the Scarf-Debreu 
theorem on the core of a competitive 
economy. The Lindahl equilibrium would, 
ir. the limit, be the only politically relevant 
allocation. However, a theorem of this 
type does not seem possible when pure 


:'To derive the Lindahl taxes, maximize u; =4:g sub- 
ject to the budget constraint phg-+prxr™= p2w; where 
pp is the Lindahl price charged to the ith individual and 
ps is the price of the private good. From the necessary 
conditions iora maximum, we obtain pyg = pex. Substi- 
tuting into the budget constraint yields x;=w,/2 and 
pre = (pzw) 2. Letting pr=1 and 4==p,¢ gives the 
desired result. 


— 
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public goods are present. If the resource 
cost of producing a given level of the 
public good is independent of the number 
of individuals who consume it, then block- 
ing is very difficult. In looking for ways 
to enhance the’ blocking ability of a 
coalition, it is natural to consider the 
possibility that the coalition can, by ex- 
cluding nonmembers, obtain a given level 
of the public good at lower cost. When 
the addition of another consumer in- 
creases the resources required to maintain 
the level of public good consumed by all, 
we will refer to the public good as 
“crowded.” | 

We will now introduce crowding into 
our three-person economy. If all three in- 
dividuals consume the public good jointly, 
then we assume, as before, that they face 
the resource constraint given by equation 
(2). However, an individual who decides 
to produce the good g using only his own 
resources faces the constraint 


(5) G = 1, 2,3) 


where a is a positive constant.’ Any pair 
of individuals ¢ and 7 (i7, face the con- 
straint i 


(6) bgy + xi + x; = w + w 


provided that they share consumption of 
the public good.‘ 

To be in the core, a vector of utilities 
(u1, ug, Us) must be individually rational; 
i.e., every individual must obtain at least 
as much utility as he could using only his 
own resources. In our three-person econ- 
omy, (ui, u2, u3) is individually rational if, 
and only if,° 


ag: + Xi = Wi 


3 If the public good is uncrowded (i.e., if it is a pure 
public good) then e=c. 

4Tf they consume the good g privately, then the 
resource constraint would be a(g;+2;) +a: +a; =w -Hw 
To avoid an unnecessary complication, we will rule this 
possibility out by assumption. 

š These expressions, as well as those of (8) and (9) 
below, are derived by determining the Pareto optimal 
“utility frontier” for each coalition using its resources 
alone and the resource constraint appropriate to its size. 
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~ 








(7) 2 Soa; 12 a 0); 
na 20) 


Although a pair of individuals forming 
a blocking coalition may choose to con- 
sume the good g privately rather than 
sharing it, we will, in order to simplify 
the exposition, assume- that g is a pure 
public good for coalitions of size less than 
or equal to two; i.e., a=b. In that case, 
the set of utilities that a pair of individuals 
can obtain through private consumption 
of the “public” good is a proper subset of 
the set of utilities obtainable through joint 
consumption. Under these ‘circumstances, 
equation (6) is the appropriate resource 
constraint for a two-person blocking 
coalition. 

If (ui, t2, u3) is to be in the core, then 
it must not he possible for any two-person 
coalition, using only its own resources, to 
obtain higher utility levels for both of its 
members. Therefore, (u1, #2, #3) is in the 
core only iff 


a) —— 

O mtua TEA 6) 
2 

itty BE a 03) 
2 

dh pe ee a) 


4b 


Returning to the case where all three in- 
dividuals consume the public good jointly,’ 


€ See fn. 5. In this case, the utility frontiers happen 
to be linear, but that will not be true in general even for 
three-person two commodity economies of the sort we 
are discussing. The counter-examples of this section can 
be obtained in the more general case, but the exposition 
would be unnecessarily complicated. 

7 We should consider other possible “partitions”: e.g., 
1 and 2 consuming jointly and 3 privately. But we rule 
out these other partitions by assuming that all indi- 
vidually rational utility vectors achievable under such 
a partition form a proper subset of the utility vectors 
determined by u;-+-u:+u S0123). One can show that 
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Pareto optimal utility vectors satisfy the 
equation 


T 2 
(9) roae e 


4c 
= v(123) 


The inequalities (7) and (8) and equation 
(9) describe a type of game that is par- 
= ticularly easy to analyze: a game with 
transferable utility. For any coalition S, 
the number (S) represents the minimum 
utility the coalition must receive if it js 
not to block. The number (S), defined 
over all possible coalitions, is called the 
characteristic function of the game.?. 

This game will have a nonempty core 
if, and only if,!° 


(10) v(12) + (13) + 13) < 29123) 


If (10) is satisfied, the game is said to be 
balanced." Substituting (8) and (9) into 
(10), we obtain 


C k 2k 
(11) Panra 
be kith 


as the necessary and sufficient condition 
for a nonempty core where k= (w)? 
+ (we)*+- (w)? and ka= ww wiw ww. 

Having completed these preliminaries, 
we can now demonstrate the two proposi- 
tions mentioned in the introduction: the 
Lindahl equilibrium is not necessarily in 
the core, and the core may be empty. 

To establish the first proposition, let 





this condition will be satisfied if, and only if, the game 
as represented by (7), (8), and (9) is superadditive. In 
all of the examples to be presented, this superadditivity 
condition will be satisfied. 

8 As noted previously, utility is transferable only 
because the utility frontiers happen ta be linear in the 
particular example. 

9 a(S) is also the best that S can do assuming that $ 
does its werst~-the usual definition of the character- 
istic function, 

19 See L. 5. Shapley. Strictly speaking, this condition 
will be sufficient only if the game is superadditive. This 
additional condition is satisfied in all of the examples to 
be discussed. 

1 For a discussion of balance in an economic context, 
see Herbert Scarf. 
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a=b=1, c=4/3, w=w=2 and w;=1. 
Substituting these values into (7), (8), 
and (9) we obtain the following game: 


(12) oi) =1; 1-1; =1/4 
(12) = 4; »(13) = 9/4; o3) = 9/4 
(123) = 75/16 


From (11), the game will be balanced if 
625/17; since c=4/3, the game has a 
noneripty core. A utility vector in the 
core must satisfy the inequality urt ttz 
>0(12)=4, so the third individual can re- 
ceive at most 0(123) —4= 11/16; individual 
rationality requires that he receive at’ 
least (3) = 1/4. Thus, for all utility vectors 
in the core, 1/4SugS11/16. (2, 2, 11/16) 
and (2, 39/16, 1/4) are, for example, two 
utility vectors that are in the core. 

We have already observed that, in the 
Lindaal equilibrium,” g= (witwot+ws)/2c 
and x,=w,/2; consequently, 

wlw + w + wg) 


Wase Ge 


123 
4c ) 


For the particular parameter values we 
have selected, the Lindahl utility vector 
is (f1, Ba, #3) = (15/8, 15/8, 15/16). Since 
titt ü= 75/16, the Lindahl equilib- 
rium is a Pareto optimum. But individuals 
1 and 2, whe can obtain (u1, u.)=(2, 2) 
using only their own resources, will block 
this Lindahl allocation. The Lindahl 
equilibrium fails to give sufficient recog- 
nition to the “power” of individuals 1 and 
2—-they receive too little and individual 3 
receives tod much—and, hence, the Lin- 
dahl allocation is not in the core. However, 
individual 3 is willing to allow individuals 
1 and 2 to receive more than their ‘‘Lin- 
dahl skare” if they share consumption of 
the public good with him: there are al- 
locations involving joint consumption by 
all three individuals that are in the core. 
1? See equation (3) and fn. 2, 


13 In fact, al. allocations in the core involve sharing 
among all three individuals in this example. 


r fe- oe 
> a4 
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We summarize this result in the following 
proposition: . 


PROPOSITION 1: If public goods are 
crowded, then the Lindahl equilibrium may 
not be in the core. 

The second proposition that we wish to 
establish is that the core can be empty if 
public goods are crowded. Letting a= b 
=] and w= w= w; the balance condition 
(11) states that the core will be empty if 
c>3/2. If ¢=3/2 is interpreted as “‘con- 
stant returns to scale” in moving from 
two- to three-person sharing groups, then 
we find that the core is empty when there 
are diminishing returns to scale. One 
should not conclude, however, that the 
core will necessarily be nonempty when- 
ever returns to scale are constant or in- 
creasing. For example, when w= w= 4, 
w:=3, a=b=1, and c=3/2, the core is 
empty. In summary, we have demon- 
strated: . 


PROPOSITION 2: If public goods are 
crowded, the core may be empty. 


IIX. Nonconvexity 


To what can these rather surprising re- 
sults be attributed? They stem from an 
assumption, implicit in the preceding sec- 
tion, that the aggregate technology set is 
nonconvex. Making this assumption ex- 
plicit will be greatly facilitated if we for- 
malize our approach to crowded public 
goods along the lines of Foley (1970). 

We assume that the economy has one 


“This proposition runs counter to a theorem of 
Shapley and Martin Shubik that when external econ- 
omies are present but external diseconomies are not 
then the core is always nonempty provided that utility 
and production functions satisfy the sufficient condi- 
tions for the existence of a competitive equilibrium. 
However, as we will see in the following section, the 
aggregate technology set will Le nonconvex in this 
example. Results similar to Prcpositicn 2 have been 
obtained by Shubik and by Joseph Ostroy. 

48 The reader can verify that this game is superaddi- 
tive so that (9) is the appropriate characteristic func- 
tion for #(123). 


we 
are 
public good, m private goods, and ‘%,con- | 


‘ sumers. An allocation is a vector (g, 


.; Enj £i,- +, Xn) With each x; itself a 
vector in Æ”, such that for all ¿ there is a 
(g;; Za with #;<x,; belonging to the con- 
sumption set of the ¿th consumer.’® An 
allocation is feasible if (gı, . . - , g&n; Z) EF 
where Y is the aggregate technology set, 
w; is the zth individual’s initial endow- 
ment of private goods,” and z= > 7, 
(x,—w,) is the aggregate input of private 
goods into public good production. Of the 
assumptions which Foley makes about the 
aggregate technology set, the one which 
we will find inappropriate in an economy 
with crowded public goods is that Y is a 
convex cone.!8 


DEFINITION: A Lindahl equiubrium 
with respect to w=(w,..., Wn) IS a 
feasible allocation (g1,..., Znj %1)--- 5 
Xn) and a price system (~),..., £73 $2) 20 
such that 


(a) D pogit pert =D pit peZ 


tox] i=1 
ira) Boome 
(b) if (Ea #)><(gey x) then pai 

nae P > pogi + po Xi = Pr Wi 


Observe that there is a separate public 
good price, $}, for each individual. In the 


for all (1,... 


16 The assumptions on the individual consumption 
sets and preference orderings introduced by Foley, 
which are quite standard, will be adopted in this study. 
Each consumer chooses a point (g;; x:) in a consump- 
tion set X; on which there is defined a complete and 
transitive ordering >;. The individual consumption sets 
are closed and convex and have an interior in the private 
good subspace. If (gi; x) €X; then there is a point 
(gi; £N EX, with #4;<w; The aggregate consumption 
set, X =Zj., X;:, has a lower bound for <. The indi- 
vidual preference orderings satisfy assumptions of con- 
tinuity, convexity, and monotonicity. 

1 No public goods are initially owned. 

18 We will adopt the other assumptions on Y intro- 
duced by Foley: Y is closed, OEF (inaction is possible), 
no production other than inaction is possible without 
input of some private good, it is possible to produce the 
public good and the public good is unnecessary as a pro- 
ductive input. 
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Lindahl equilibrium, producers maximize 
profits and consumers maximize utility 
taking prices as given. Foley’s definition of 
a Lindahl equilibrium is restricted to the 
special case of a pure public good where 
gi= ... =g,. However, the concept of a 
Lindahl equilibrium, as defined above, 
can be applied to any pattern of sharing. 

At this point, it is useful to formalize 
the notion of alternative patterns of shar- 
ing of the public good. Let N= {1,..., n} 
denote the index set of consumers in the 
economy. Any subset of N representing a 
group of consumers who share consump- 
tion of the public good will be called a 
jurisdiction; the jth jurisdiction will be 
denoted J;. Assume that every consumer 
‘belongs to exactly one jurisdiction. A par- 
ticular assignment of consumers to juris- 
dictions, {Ji,..., J,}#=Px, is a partition 
if 


U J;= N 


j=l 


The collection of possible partitions will 
be denoted by @= {Pi,..., Pe}. We re- 
serve P, for the private good partition 
(Pi={{i},..., {a}}) and P, for the 
pure public good partition (P.={N}). To 
any partition P, corresponds an aggregate 
technology set Y (P,). In Foley’s model of 
pure public goods, Y=Y(P,); in the 
standard model of private goods, Y 
= Y(P;) $ i 

Consider the three-person economy de- 
scribed in Section II. We assumed that 
the tth individual using only his own re- 
sources to produce the good g faced the 
resource constraint ag:+4%,=w,(z= 1, 2, 3). 
Therefore, the production sets for the 
three consumers are the halflines!® respec- 
tively associated with the vectors 


(14) yı = (1,0, 0; —a) 


19 The hal‘line (b) associated with the vector $ is the 
set {x]x=db, A20}. 


JUNE 1973 
i ' 
Yo = (0, 1, 0 — a) 


ys = (0.0, 1; —@) 


where the vectors are written in the form 
(81, Z2. g3; Z) with z representing the input, 
xi—w:, of private goods into the produc- 
tion of the public good. We also assumed 
that < pair of individuals 7j, using their 
own resources and sharing consumption of 
the public good, faced the constraint 
bgg tzita: = wi Hw. The production sets 
for the pairs 12, 13, and 23 are the halflines 
respectively associated with the vectors 


(15) yi = (1, 1,0; —8) 
ye = (1,0, 1; —3) 
ya = (0, 1, 1; —b) 


Finally, we assumed that the constraint 
facing the three consumers if they consume 
the public good jointly is cg+xrt x:+ xs 
=w Hwt w; the production set is then 
the Laifline associated with the vector 


(16) y = (1, 1,1; -0) 


If we assume that, for a given partition 
P}, the economy as a whole has the same 
technological capacity for producing goods 
for a component jurisdiction that the 
jurisdiction has when operating in isola- 
tion, then the aggregate technology set 
Y(P.) for the partition P, is a convex 
cone.** In Section II, the partition P, was 


2 Specifically, 


Y(P1) = fy; | yi = ayı T By2 2 va æ, B, Y Ž 0} 


for the pertitior Pi={{1}, {2}, {3}} which implies 
the consiraint 


algı + 22+ gs) + xi + x: + x = w + we + w; 
T(P) = {y| yi = ayı + Bos, a, B = 0} 


for the partition P= {{12} {3}} which implies the 
constraint 


blg + aga + vi + xe + ss = w + w + w; 
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not assumed to be given; the aggregate 
technology set implicit in that analysis 
admitted the use of prcduction tech- 
nologies corresponding to any of the 
possible partitions. Suppose we assume 
that the aggregate technology set is the 
convex cone generated by the halflines 
associated with the coaliticn production 
vectors (14), (15), and (16); i.e., 


(17) Y EO) + EG) +6) 


i=1 


om( Ù ræ) 


k=l 


cn 


where (yi) is the halfline associated with 
yi and conv denotes the convex hull. Since 
Y is a convex cone and we have adopted 
Foley’s other assumptions on the aggre- 
gate technology set, individual consump- 
tion sets and individual preference order- 
ings, the Lindahl equilibrium (as defined 
above) will exist, it will be Pareto optimal, 
it will be in the core and, hence, the core 
will necessarily be nonempty. But in 
Section II we produced examples where the 
Lindahl equilibrium was not in the core 
and where the core was empty. What is the 
reason for this contradiction? 

To find the source of contradiction, con- 
sider our three-person economy with 


Y(P3) = fy; | yi = ay? T Bye, a, 8 = 0} 


for the partition P;={ {13}, {2}} which imples the 
constraint 


b(gis) + agi + xi + x + x3 = wi + we + w; 
V(P,) = {y:| yi = ays + 31, 0,8 2 0} 


for the partition P= {{23}, {1}} which implies the 
constraint 


b(ge3) + ag, + xi t xe + x = w + we + wa; and 
P(P:) = {y:| ys = avna 2 0} 
for the partition P= { {123}} which implies the con- 
straint 
Ce + xit xe + x = wr t w + w. 


2! The proofs in Foley (1970) zre easily extended; to 
conserve on the length of this article, they are left to 
the reader. 
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a=b=1, 6=3/2. Wy =W= 2, and w= Í. 
We will first calculate explicitly the Lin- 
dahl equilibrium for this case. Observe 
that every allocation in F lies within the 
convex cone generated by the halflines 
associated with the production vectors for 
two-person sharing;” i.e., (vy?) + (93) +03). 
This implies that the economy faces the 
resource constraint 


(18) (gı + £ + g3)/2 + zi + x: + x3 
= wi + We + w3 


Given the constraint (18), part (a) of the 
definition of a Lindahl equilibrium implies 
that p= p= p2 If p.=1, then $= 1/2 
for z=1, 2, 3; the Lindahl allocation is 
(g1, §2, 3; 2)=(2, 2, 1; ~ 5/2) and the 
corresponding utility vector is (t1, u2, u3) 
=: (2, 2, 1/2).% Using the values of the 
characteristic function given in (12), it is 
easily verified that this Lindahl equi- 
librium is in the core.” 

However, if we follow the approach de- 
scribed in Section II, we find that the only 
utility vector in the core is (2, 2, 1/4) 
corresponding to the partition { {12}, 
{3} }.?6 To isolate the source of contradic- 


2 Provided that at least two of the three individuals 
consume positive amounts of the public good. The 
assumptions in our example rule out corner solutions 
where some individuals consume none of the public 
good. Observe that when g:=g2= g3, the constraint (18) 
is the same as the constraint faced when the technology 
vector for three-person sharing, yj, is used. 

2 Assuming that every individual consumes a posi- 
tive amount of the public good. 

“ »'=marginal cost=4. From the demand side, 
Pili= Pore =xi= wif? if pe=1 (see fn. 2) so (gı, go fa) 
= (2, 2, 1) and z= — 1-2 +3) /2= — 5/2. 

5 The value for v(123) is no longer correct since ¢ 
now equals 3/2. 

8 Tf consumption of the public good is shared by all 
three individuals, then v({23) =25/6. Using this value 
in place of the value used for v(123) in (12), we find that 
the game described is no longer superadditive. As dis- 
cussed in fn. 7, this nonsuperadditivity implies that 
equation (9) no longer represents the entire set of indi- 
vidually rational and Pareto optimal allocations for the 
coalition of the whole. In particular, the sole core allo- 
cation is obtained via the partition {{ 12}, {3}} for 
which the Pareto optima! utility frontier is given by 


(ui + m2) ¥? + (u3)? = 5/2 
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tion, examine the pattern of sharing used 
to attain the Lindahl allocation: 


(19) (2,2, 1; —5/2) = (3/2)y1 + (1/2) 92 
+ (1/2) 


This is not a partition, but rather a set of 
overlapping jurisdictions: individuals 1 and 
2 consume 3/2 units of the public good 
through mutual sharing which each sup- 
plements by sharing an additional 1/2 
unit with individual 3. But in Section IT 
we ruled out any pattern of sharing that 
assigned an individual to more than one 
jurisdiction; only partitions were regarded 
as admissible. Although the aggregate 
technolagy set admits any production 
vector that belongs to the union of the 
partition technology sets, linear com- 
binations of these vectors will be feasible 
only if the jurisdictions form a partition. 
As a consequence, the aggregate technol- 
ogy set is nonconvex: 
Y= U YV(P,) # conv U Y¥(P,) 
PEE 


PEP 


IVY. Indivisibility 

The basis for this nonconvexity is, in a 
fundamental sense, an indivisibility—an 
indivisibility not of plants or commodities 
but of individuals. In assigning con- 
sumers to “neighborhoods,” for example, 
we rule out the possibility of fractional as- 
signments; a person cannot be two places 
at the same time. Referring to our nu- 
merical example, individuals 1 and 2 will 
not, for they cannot, receive two units of 
the public good by combining 3/2 units 
from their own two-person neighborhood 
with 1/2 unit received from two-person 
neighborhoods formed with individual 3. 
If 1 and 2 admit individual 3 as a neighbor, 
then a three-person neighborhood is 
formed, not a set of three overlapping two- 
person neighborhoods. But in moving 
from a two to a three-person neighbor- 
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hood, the resources required to maintain 
the same “neighborhood quality” (g) in- 
crease by 50 percent. If individual 3 were 
as wealthy as 1 or 2, then a three-person 
neighborhood would be formed and the. 
core a‘location would give two units of the 
public good to everyone. However, in- 
dividual 3 is not as wealthy as 1 or 2, and 
the best that a three-person neighborhood 
has to offer is 5/3 units of the public good.” 
Thus, two separate neighborhoods are 
formed: a high income neighborhood for 
1 and 2 and a low income neighborhood 
for 3. And that outcome, drawing upon 
casual observation, seems a reasonable 
picture of what wculd in fact happen. 

The impossibility of assigning fractions 
of individuals to jurisdictions is charac- 
teristic not only of neighborhoods but 
local public goods in general. We do not 
observe consumers belonging to more than 
one school district: the school services 
from several districts cannot be added to 
yield greater benefit. Interjurisdictional 
spillovers may present an opportunity for 
fractional membership in some sense, but 
there is certainly no reason to think that 
such spillovers will in general lead to 
convexity of the aggregate technology set. 
Although further elaboration of the model 
to incorporate spillovers may be worth- 
while, the formulation as it now stands is 
rich enough to cover a number of interest- 
ing cases. Prohibiting overlapping mem- 
berships in jurisdictions has one distinct 
advantage—the barriers to convexity of 
the aggregate technology set in the pres- 
ence of crowded public goods are thrown 
into bcld relief. 

Finally, one can view a household, 
jointly consuming a house or car, as a 
jurisdiction in our sense. We have, by 
assuraption, ruled out membership in 
more than one household for any given in- 


2 Use equation (3). 
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dividual. In assessing the reasonableness 
of this assumption, it is important to re- 
member that we have confined our dis- 
cussion to economies having a single public 
good. We do not rule out membership in 
other jurisdictions—a poker group for the 
husband, é bridge club for the wife— if 
other public goods are involved. 


V. Excludability 


Implicit in our treatment cf public goods 
is an assumption concerning the ability to 
exclude which should be made more ex- 
plicit. Richard Musgrave, in particular, 
puts great stress on nonexcludability in 
consumption as a characteristic of public 
goods that is quite distinct from “non- 
rivalness’”’ in consumption (or what I 
have called the absence of crowding). 

Musgrave concludes that the presence 
or absence of crowding anc the presence 
or absence of the ability to exclude gives 
rise to four different types >f public good 
(see pp. 126-29). Howeve-, of the four 
possible cases, three have precisely the 
same core: the two cases ol crowded and 
uncrowded public goods where exclusion is 
impossible and the uncrowded case with 
exclusion. If exclusion is impossible, then 
a blocking coalition S must assume that 
the members of the complementary coali- 
tion $ will share the benefits of any public 
good produced by S; the set of utility 
vectors that S can obtain using only its 
own resources, v(.S), is the same whether 
the public good is crowded or not. The 
set of utility vectors that co.ld be obtained 
if the members of § could be excluded from 
consumption is irrelevant when exclusion 
is impossible. If exclusion is possible but 
the public good is uncrowded, then 2(S) 
is the same as in the two cases just dis- 
cussed: if exclusion of the members of 5 
does not reduce the resource requirements 
for producing the public good for S, then 
whether S is excluded or not has no im- 
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pact on the utility vectors achievable by § 
using only its own resources.” 

The remaining case to be considered, 
where exclusion is possible and the public 
good is crowded, is the one most relevant 
to the analysis presented in this paper.” 
The core will be smaller than in the three 
preceding cases. Because exclusion re- 
duces crowding, the blocking possibilities 
of any coalition S are enhanced. In our 
earlier discussion, exclusion has been as- 
sumed implicitly to be both complete®® and 
costless, but incorporation of partial or 
costly exclusion into the analysis does not 
appear to raise any particular difficulties. 

Thus, from the point of view of the 
analysis of allocations in the core, the 
four cases we have been discussing reduce 
to just two: the pure public good case 
(broadly defined to include the absence of 
the ability to exclude, the absence of 
crowding or both) and the crowded public 
good case with exclusion. Foley’s model 
can be applied directly to the first case; 
the approach developed in this paper is 
directed to the second. In our model 
jurisdictions are permitted to exclude, but 
there is no exclusion within jurisdictions.» 
Within this analytical framework, the dis- 
tinction between exclusion and crowding 
is inessential. Both concepts are incorp- 
orated into the definition of the aggregate 
technology set. 


28 However, in this case the ability to exclude may 


-still be relevant to the bargaining process. The charac- 


teristic functions, as we have defined them, assume that 
the complementary coalition will “do its worst”: S is 
assumed to provide no public good, or, if it does, to 
exclude S. This approach essentially rules out the “free 
rider” problem. Introducing “more realistic’ assump- 
tions about the complementary coalition’s behavior 
would increase the number of allocations that can be 
blocked and decrease the size of core. For a related dis- 
cussion, see R. W. Rosenthal. 

29 Tt is instructive to work through all four cases in 
terms of the example presented in Sections IT and II. 

3¢ In other words, S can exclude S from all benefits of 
the public good produced by S. 

31 The absence of internal exclusion is essentially the 
defining characteristic of a jurisdiction. 
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VI. Prices and the Organization of 
Collective Consumption 


I have argued that a reasonable theory 
of crowded public goods must recognize 
the nonconvexity of the aggregate tech- 
nology set. Only in this way can the theory 
permit the existence of distinct sharing 
groups: neighborhoods, local political juris- 
dictions, clubs, and households. But in 
relinquishing convexity, have.we given up 
. too much? If most consumption involves 
sharing to some extent—within the house- 
hold if nowhere else—and if nonconvexity 
vitiates competitive equilibrium analysis, 
then we are forced to conclude that the 
main body of economic theory has almost 
no relevance to the way resources are al- 
located, 

The situation we face is remarkably 
parallel to that addressed by Samuelson 
as he neared the end of his paper on social 
indifference curves: 

Now I have proved the impossibility 
of group or community preference 
curves. But haven’t I in a sense proved 
too much. Who after all is the consumer 
in the theory of consumer’s (not con- 
sumers’) behavior. Is he a bachelor? A 
spinster? .. In most of the cultures ac- 
tually studied by modern economists 
the fundamental unit on the demand. 
side is clearly the “family,” and this 
consists of a single individual in but a 


fraction of the total cases. 
(1956, pp. 8-9] 


Samuelson recognizes explicitly that 
family decision making raises issues ‘‘ex- 
actly of the same logical character” (1956, 
p. 10} as the theory of public expenditure, 
but his reconciliation between family de- 
cision making and standard demand anal- 
ysis is limited to the special case where 
each family member consumes privately 
and the family as a whole maximizes its 
social welfare function. However, it is 
crucial for our purposes to face squarely 
the public character of family consump- 
tion. Fortunately, a reconciliation between 
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“public” consumption within families and 
standard.competitive analysis is possible— 
without the contrivance of a family wel- 
fare junction. 

Expecting the tools of competitive 
equilibrium analysis to explain the pat- 
tern of sharing that will emerge in an 
economy is clearly asking too much. Gen- 
eral equilibrium analysis has never tried 
to explain household formation—or the 
formation of firms, for that matter. The 
organization of the economy, the set of 
consuming and producing agents, has al- 
wavs been regarded as given. Competitive 
analysis explains the economic activity 
(consumption and production) of these 
agents, not their existence. 

Therefore, we might expect that com- 
petitive analysis, or some variant of com- 
petitive analysis, could be applied to an 
economy with public goods when the 
partition, the pattern of sharing, is pre- 
determined. And that, in fact, is precisely 
the case. If the partition P+ is given, the 
assumption that Y(P;) is a convex cone is 
no less (and no more) reasonable than the 
corresponding assumption for a pure pri- 
vate good economy. Along with the other 
assumptions concerning preferences and 
production used by Foley, the assumption 
that F(P,) is a convex cone is sufficient to 
guarantee the existence, Pareto optimality 
and inclusion in the core of the Lindahl 
equilibrium as we have defined it.** Com- 
petitive equilibrium (for pure private 
goocs) and Foley’s definition of the 
Lindahl equilibrium (for pure public 
goods) correspond to the special cases 
where the partition is P; or P,. It is im- 
portant to note that the Lindahl equi- 
libirum is defined with respect to a given 
partition. In every case, Pareto optimality 
and inclusion in the core is proved only 
relative io a partition: there is no guarantee 


32 Mccification of Foley’s proofs, an elementary exer- 
cise, is left to the reader. 
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that the Lindahl equilibrium for some P - 


will not be Pareto inferior or blocked by 
some allocation feasible under a ecient 
partition. 

In the example used to establish Prop- 
osition 1, the. Lindahl allocation corre- 
sponding to the partition {123} was not in 
the core even though the only allocations 
in the core involve sharing of the public 
good by all three members of the econ- 
omy. It is natural to ask whether there is 
any other concept of equilizrium which is 
capable of sustaining allozations in the 
core. Fortunately, Foley has provided 
another concept of equilitrium which is 
much more flexible and appealing than 
Lindahl equilibrium, the public competi- 
tive equilibrium.* Translating his def- 
inition into our notation, we have for the 
pure public good case: 


DEFINITION: A pure public competitive 
equilibrium is a feasible allocation 
(g3%1,..-,%n), a price system p= (p,; pz), 
and a vector of taxes (4,,..., tn) with 
Pog= Xia ti such that: 


(a) p-(g;2) = p: (g; 2) 
for al. (2;2) € Y(P,); 
(b) porte = parwi — ti and 
if (g; 2i) >: (g; xi), than pa'i > fatti; 
(c) there is no vector of public goods and 
taxes (2; fi... , Én) 


such that for every 7 there exists #; with 
(Z; £i)>-: (g; +2) and Pr īrs Spr wi~ h. 


3 The Lindahl allocation is in zhe core only relative 
to the partition {123}: i.e., when blocking coalitions 
are unable to exclude nonmember: from consumption of 
the public good. It is worth emphasizing that the 
Lindahl equilibrium referred to in this example is pre- 
cisely the Lindahl equilibrium as defined by Foley. 

4 Although mentioned in Foley (1970), a much more 
complete discussion of public competitive equilibria is 
contained in Foley (1967). 

3 Recall that we defined 
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In this definition, producers maximize 
profits, consumers maximize utility sub- 
ject to their after-tax budget constraint, 
and there is no alternative level of public 
sector activity with taxes to pay for it » 
that would make every consumer better off. 

In extending this definition to an arbi- 
trary partition P, we will also find it 
convenient to modify part (c) of Foley’s 
version.*® 


DEFINITION: A public competitive equi- 
librium under the partition Pr, Px=(Si,.-., 
J), is a feasible. allocation (g1,..., gr; 
41,..+, Zn), a price system p=(4}, 

bi; pz), and a vector of taxes (hy Dard À 
with pig;= =t for all j=1,...,7 ‘auch 
that: 


(a) È hat + p22 Siy + pr 


j=l 


for all (215.525 22) E Ys); 


(b) pztXi = pr-wi — li and 

if (g3; Zi) >i (gs; xi), then pe'i > po Xi; 
(c) foranyJ;,j=1,...,7, 

if (2s; Z) >i (gz; x) for alli E J;, 
then 
piit D peti > pog t DO perm 


EJ j iE; 


= Jo pews 
tEJ ; 
Conditions (a) and (b) have the same 
interpretation as the corresponding parts 
of Foley’s definition; the budget .of each 
jurisdiction is balanced; and if the mem- 
bers of a jurisdiction unanimously prefer 
some other allocation to the one they re- 
ceive, then they cannot afford it at the 
given prices.” Foley’s proofs are easily 
38 In the pure public goods case, the two definitions 
are equivalent. 
% Do not confuse these prices (where there is one 
price for each jurisdiction) with the Lindahl prices 
(where there is one price for each individual). The 


Lindahl equilibrium is a special case of the public com- 
petitive equilibrium. 
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modified to demonstrate that the public 
competitive equilibrium for a partition 
P, is Pareto optimal® and that for any 


Pareto optimum under the partition Ps 


there exists a supporting price system 
taking the form of a public competitive 
equilibrium.*? It should be emphasized 
again that Pareto optimality is established 
only relative to a partition. 

Since the Lindahl equilibrium is a public 
competitive equilibrium, we know that at 
least one public competitive equilibrium 
exists for any partition Ps. Proofs of 
existence for other types of public com- 
petitive equilibria could presumably be 
obtained for alternative theories of how 
the political decision-making process op- 
erates.” 

Any imputation in the core can be sus- 
tained by some public competitive equi- 
librium. In the example used to establish 
Proposition 1, the core imputation (t4, 
Uz, U3)=12, 2, 11/16) can be achieved by 
a public competitive equilibrium with 
taxes (f1, fo, fa) = (14/15, 14/15, 19/30) and 
prices #.=1 and p,=4/3. The core im- 
putation (ui, uo, #3)=(2, 39/16, 1/4) can 
be achieved by a public competitive 
equilibrium with taxes (t;, éo, ts) = (14/15, 

21/30, 13/15) and prices .=1 and p, 
` =4/3. Thus, the concept of a public 
competitive equilibrium offers much 
greater flexibility than the Lindahl equi- 


38 See the proof in Foley (1967), pp. 60-61. 

88 See the proof in Foley (1970), pp. 68-69. As usual 
lump sum transfers may be required. 

1 Foley, for example, proves the existence of a public 
competitive 2quilibrium in the pure public goods case 
when taxes take the form of a proporticnal income tax 
(Foley (1967), pp. 71-72). However, the tax in the 
example used to establish Proposition 1 is a propor- 
tional income tax in the sense cf Foley, so we also have 
a demonstration that proportional income taxes need 
not be in the core when public goods are crowded. 

4 The reacer can verify that any imputation in the 
core for this example can be sustained by a public com- 
petitive equilibrium; in every case the price of the pub- 
lic good, 4,, equals the marginal cost of producing the 
public good. 


“ 





librium in adapting to the blocking power 
of coalitions. 

The case of households treated as juris- 
dictions provides a useful illustration of 
the concept of a public competitive equi- 
librium. All that we have specified about 
the family decision-making process is that 
each family member maximizes his utility 
from goods consumed privately subject to 
the constraint of his “allowance” and that 
there is no combination of private and 
shared goods unanimously preferred to the 
bundle presently consumed by the family 
that it can afford. We have demonstrated 
that if the membership in households is 
considered exogenous to the model,” then 
public competitive equilibrium analysis 
can be applied. We have not reached a 
full reconciliation with standard com- 
petitive analysis, however. Consider the 
example of automobiles shared by mem- 
bers of a family. The definition of public 
competitive equilibrium permits a sep- 
arate aitomobile price, t, for each house- 
hold purchasing a car, but most economists 
would conclude that these prices will all be 
equal. It is reasonable to suppose, in this 
instance, that the resource cost of supply- 
ing a car to a family is independent of 
family size. In that case, condition (a) 
of the definition of a public competitive 
equilibrium implies that, for all families 
purchasing a car, the price must be equal; 
if prices were unequal, then selling all of 
the cars to the household having the high- 
est ~, would be both feasible and more 
profitable. In this public competitive 
equilibr:um, the marginal rates of sub- 
stitution summed over the members of 
each family is equated to the marginal 
rate of transformation for the “publie” 
good. Taus, the concept of a public com- 
petitive equilibrium provides a resolution 


42 For example, we may assume that household mem- 
bership is Cetermined by social and cultural factors out- 
side the secpe of economic analysis. 
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to the problem raised by Samuelson in 
his paper on social indifference curves 
without resort to a family welfare func- 
tion. 

Samuelson has argued that a Lindahl 
equilibrium has “no relevance to moti- 
vated market behavior’ (1969, p. 106). 
The fact that a Lindahl equilibrium may 
lie outside the core suggests that its polit- 
ical relevance is doubtful as well. The 
existence of a set of public competitive 
equilibria which support allocations in 
the core means that one does not have to 
rely on Lindahl equilibria to find a linkage 
between the allocation of public goods 
and a system of prices. 

However, it is important to emphasize 
that a public competitive equilibrium has 
little value in itself as a solution concept.® 
In the case of a pure public good, for ex- 
ample, the set of public competitive equi- 
libria coincides with the entire set of 
Pareto optima under that partition. To 
-obtain a more determinate solution will, 
in general, require additional theory con- 
cerning the political process. There is little 
reason to believe that such processes bear 
any relation to Lindahl equilibrium. 


VII. Global Lindahl Equilibrium 


The two concepts of equilibrium dis- 
cussed in this paper, the Lindahl equilib- 
rium and the public competitive equi- 
librium, have been defined relative to the 
aggregate technology set, F(P}), corre- 
sponding to a given partition P,. As a 
consequence, Pareto optimality and in- 
clusion in the core of the equilibrium al- 
locations are proved only relative to the 
set of allocations achievable under Px. 
There is no guarantee that such alloca- 
tions will be Pareto optimal or in the core 
when alternative partitions are regarded 
as admissible. 

However, if we were able to establish 


“Tam grateful to a referee for stressing this point. 
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the existence of a global Lindahl equi- 


librium (i.e., a Lindahl equilibrium de- 
fined relative to the aggregate technology 
set 
Y= U Y(Pi)) 
ẹ 


PEE 
then stronger results would be available. . 


THEOREM 1: If (1, <... , nj Zi, oy Un} 
Py, + +5 P2; Px) is a global Lindahl equi- 
librium with respect to w, then it is in the 
core with respect to w and the aggregaie 
technology set Y. 


PROOF: 
Suppose that the coalition S could block 
(81, +++) Eni Xis +++) En) bY (En -> -> Bui 


%1,..., 2n). Since (2:3; 2:)>-: (gi; xe) for 
all iG.S, the definition of a Lindahl equi- 
librium implies that 


(20) E ppb + pe Dt > DY prg 


7S 1E8 IES 
+ pe’ > ti = Pz? > ow; 
1E8 2E8 
or 
(21) E pes t+ pe DO (Bs — w) > 0 
TES 1ES§ 


But profit maximization, condition (a) in 
the definition of a Lindahl equilibrium, 
requires that 


(22) Y pki t pa® $0 
; dezl 


for all (#1,..-, 2032) Æ Y 


This contradiction establishes the theorem. 


Letting S=N, it follows that the global 
Lindahl equilibrium is also globally Pareto 
optimal: i.e., Pareto optimal relative to 
the set of all allocations (g1,..., gn} 2) 
EF. l 

If a global Lindahl equilibrium exists, 
then much of our discussion in this paper 
would be superfluous; prices would guide 
the choice of partition’ as well as the 
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choice of an allocation under a given 
partition. Although nonccnvexity of the 
aggregate technology set VY raises some 
doubts concerning existence of a global 


Lindahl equilibrium, convexity is not a. 


necessary condition for existence. Is there 
something in the structure of our problem 
which will ensure existence of a global 
Lindahl equilibrium in the general case? 
Returning to our three-person economy, 
we can readily establish that this conjec- 
ture is false. 

In the first place, if the core of the 
economy is empty, then no global Lindahl 
equilibrium can exist, and, in the course of 
demonstrating Proposition 2, we produced 
such a case. Furthermore, a global Lindahl 
equilibrium may fail to exist even when 
the core is not empty. Consider the ex- 
ample discussed in Section III where 
Wy= We=2, w=1, a=b=1, and c=3/2. 
The only allocation in the core is (g1, £2, 
Oe ey dy We) = C2, 2; 1/2; 1-1172) cor- 
responding to the partition { {12}, {3}}. 
This allocation is the Lindahl equilibrium 
relative to that partition with prices 
P= (fo bz Pri Pz) = (1/2, 1/2, 1; 1) where 
we arbitrarily set p-= 1. Note that 


(23) Pp: (g1, £2, 83; z) ap (2, 2, 172; =5/2) =0 
For this equilibrium to be a global Lindahl 
equilibrium, we require 

(24) $: i, Bo, £3; Z) <0 


for all (21, 2s, 2332) E Y= U Y(Pà 


PrEP 
But (£1, 82, £3; z) = (1/2, 2, 2; —5/2)EY, 
where the allocation is achieved via the 
partition { {1}, {23} }, and 


(25) £: (1/2, 2,2; — 5/2) = 3/4 > 0 


Thus, no global Lindahl equilibrium exists 
which will sustain the only allocation in 
the core. We must conclude that, in gen- 
eral, no price system will exist to guide the 


choice of membership in jurisdictions, . 


and, for that reason, we have defined our 
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two concepts of equilibrium only relative 
to a given assignment of individuals into 
jurisdictions. 

There is an interesting parallel between 
these results and the analysis of indivis- 
ibilities presented some time ago by Tyall- 
ing Koopmans and Martin Beckmann. 
They found that if the profitability of al- 
ternetive locations for a given plant is in- 
dependent of the location decisions of the 
other plants, then a system of location 
rents exists which supports a nonfrac- 
tional assignment of plants to locations. 
But wher: profitability of alternative loca- 
tions dep2nds on the location decisions of 
the other plants—in their model, because 
of transportation costs—then no price sys- 
tem exists to guide the process of plant 
location. Prices have a limited role in ex- 
plaining the organization of economic ac- 
tivity. 

Koopmans and Beckmann stressed the 
importance of indivisibility to location 
theory in general: 


' Finally, the theory of the location of 
economic activities has no chance of ex- 
plaining such interesting realities as 
large and small cities without recogniz- 
ing indivisibilities in the processes of 
production and human existence. [p. 53] 


Neglect of indivisibilities, or nonconvexi- 
ties, explains why the application of gen- 
eral equilibrium analysis to location theory 
has not been very fruitful. By presuppos- 
ing the existence of a price system and 
well-defined demand or supply functions 
at eack location, the location problem is 
essentially assumed away. Locations are 
implicitly fixed. It is for this reason that 
locatior theorists find it necessary to turn 
to vague notions of agglomeration or 
urbanization economies when they try to 
explain the phenomena they observe. Lo- 
cation tieory cannot be brought within the 
province of general equilibrium analysis 
solely by adding a subscript to the conven- 
tional competitive model. 
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VIII. Buchanan’s Theory of Clubs 


A reader familiar with the work of 
Buchanan will by now recognize that the 
treatment of public goods in this paper is 
closely related to his theory of clubs. What 
I have defined as a Jurisdiction, Buchanan 
calls a club. It is appropriate, at this point, 
to indicate the relationship between our 
respective approaches. 

In the discussion so far, I have permitted 
crowding in the production of public goods 
but excluded the effects of crowding from 
individual utility functions. Specifically, I 
have assumed that individuals are indiffer- 
ent concerning the number of other con- 
sumers sharing consumption of the public 
good. Buchanan, on the other hand, allows 
crowding to affect utility functions as well 
as production functions. My reason for 
avoiding this complication has been solely 
for purposes of simplifying the exposition. 
The model is easily extended to incorpo- 
rate this additional element of crowding. 

Introducing a crowding parameter, the 
number of individuals in a jurisdiction, 
into utility functions requires no change in 
the definition of a Lindahl or a public com- 
petitive equilibrium for a ziven partition 
Pr. Since jurisdictional size is by definition 
fixed, the effect of this parameter is incor- 
porated into the preference orderings. In 
analyzing choice among partitions, the 
presence of crowding in utility functions 
means that the appropriate preference 
orderings to consider depend on the parti- 
tion. Our conclusion that prices have little 
relevance to the selection of a partition is, 
if anything, reinforced by the dependence 
of individual preference orderings on the 
partition chosen. 

` Permi<ting crowding to affect preference 
orderings does enhance the realism of the 
model. Turning to an example used before, 
it is reasonable to expect that, holding 
wealth constant, larger households will 
purchase more cars. If a household is 
wealthy enough and sensitive enough to 
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crowding, it may no longer be the preferred 
jurisdiction for automobile consumption: 
husband and wife will have their “own” 
car and the teenage son will use summer 
earnings to buy a hot rod. 

From our perspective, the theory of 
clubs emerges as even more general than 
Buchanan is willing to claim. He asserts 
that: 

The precedure implies that the indi- 
vidual remains indifferent as to which of 
his neighbors or fellow citizens join him 
in such arrangements. In other words, 
no attempt has been made to allow for 
personal selectivity or discrimination in 
the models. To incorporate this element, 
which is no doubt important in many in- 
stances, would introduce a wholly new 
dimension into the analysis, and addi- 
tional tools to those employed here 
would be required. [p. 13, fn. 1] 


Our analysis demonstrates that introduc- 
ing preference for particular individuals as 
members of one’s jurisdiction—on the basis 
of race, religion or sex—is not essentially 
different from the introduction of crowding 
into the analysis.“ 

There is one area of substantial disagree- 
ment between the approaches of Buchanan 
and myself. He states as a necessary con- 
dition for Pareto optimality ‘... that the 
marginal rate of substitution ‘in consump- 
tion’ between the size of the group sharing 
in the use of X, and the numeraire good, 
X. must be equal to the marginal rate of 


substitution ‘in production’ ” (p. 5). Our 


analysis indicates, however, that deter- 
mining the “optimal” partition—whether 
defined as Pareto optimal or in the core— 
requires global rather than marginal com- 
parison of alternative sharing patterns. To 
any arbitrarily chosen partition there cor- 
responds a price system which supports a 
public competitive equilibrium. The equi- 


“ Of course. in particular extensions of this analysis 
the assumption that preferences depend cnly upon 
crowding and the wealth and tastes of the other mem- 
bers may be a useful simplification. 
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librium allocation is Pareto optimal with 
respect to the set of allocations feasible 
under the given partition. However, under 


some other partition allocations may exist | 


which are Pareto superior to the public 
competitive allocation or which permit 
some coalition to block. The presence of 
nonconvexity means that the price system 
is no longer a reliable guide to the attain- 
ment of allocations that are Pareto optimal 
and in the core. Decision making cannot 
be completely decentralized to the level of 
individual agents responding marginally 
to market prices. The search for the opti- 
mal pattern of sharing of public goods re- 
quires the global comparison of the alloca- 
tions achievable under each alternative 
partition. 
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The Supply of Rental Housing: Comment - 


By Ronatp E. Grreson* 


In a recent issue of this Review, Frank de 
Leeuw and Nkanta Ekanem (L-E) proposed 
to determine whether the marginal cost of 
housing is constant or rising as a function “‘of 
the amount of housing services provided in 
an area.” 

I propose to show that a nonrising supply 
curve is inconsistent with positive long-run 
land prices and to show that the L-E housing 
supply elasticities, calculated from reduced 
form equations, are very sensitive to the 
specification of the true supply and demand 
functions. An alternative and perhaps more 
reasonable a priori specification is herein set 
out which is then used to calculate much dif- 
ferent elasticities of supply. 

These alternatively calculated coefficients 
are elastic, rather than inelastic as deduced 
by L-E, and consistent with estimates which 
I have made in another paper, and with the 
reduced form estimated by the authors. The 
L-E model and estimates are shown to suffer 
from misspecification, statistical inconsis- 
tency, and multicollinearitv. 


I. Consistency of the Hypothesis 


If more housing could be produced in a 
given land area at constant cost, then the 
existing housing stock could be constructed 
at equal cost on a smaller area of land. Hence 
land having no marginal product would earn 
no rent.’ Of course the authors may not have 


been precise in their use of the word “area.” 


II. The Econometric Model 


L-E postulate the following demand and 
supply equations for housing, (12) and (13),? 
respectively: 


(12) (S — H) = æ, + Bi Y — B(R — P) 


* Assistant professor of economics, Queens College, 
City University of New York. 

1 For a fuller explanation of this point, see Grieson, 

2 Equation numbers are those used by de Leeuw and 
Ekanem except for primed numbers which are mine, 
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(13) R = a2 + B3C + B40 


+ Bs(S — H) + bH 


All variables measured in logarithmic 
form: 


S= the quantity of housing services 

H = the number of households 

Y = real income 

R=rents per unit of housing services 

P=the price level of nonhousing gocds 
and services 

C= the price of capital inputs 

O= the price of operating inputs 


The authors cite a study by de Leeuw in 
which the income and price elasticities of 
rental housing are calculated as +1.0 end 
— 1.0, respectively. They argue that with 
minor qualification this permits 6; and £2 to 
be set (approximately) equal to 1.0. Setting 
ßı and b: equal to 1.0 and solving (12) and 
(13) for R leads to the reduced form: 


- de Habs ( B3 
(14) R= ( or + Yc 


1+; 
Gd) 
O YtP 
iG j 1+8; i 


Be N 
+a) 
1+8; 


They then proceed to estimate (14) for low 
income housing, Rı, moderate income hous- 
ing, Re, and high income housing, Rs. For 
example, 

















(15) Ry = 2.33 + .321C + .1830 


. (2.0) (3.9) (2.1) 
+ .593(¥ + P) — .036H 
(4.0) — 2.6) 
(R? = .70) 


They calculate 8; = 1.46 and the elasticity 
of supply of housing equal to (1/8;) =0.7 
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TABLE 1—ALTERNATIVELY CALCULATED PARAMETERS 


Elasticity Actual 
of coefficient 
supply A priori coefficient of of P, t-ratio 
Equation Bs Bi Bs = 1/83 P={1—-Bs—-B.+8s)/U1+8s) below 
(9) low income .2{ .14 .45 2.2 76 .89 
housing, Ri (2.1) 
(10) moderate 19 .08 .54 1.8 -83 1.00 
income, Rs (2.0) 
(11) high income, .53 —.37 2.7 37 96 1.26 
R; (1.7) 


(0.5 and 0.3 for Re and Rs, respectively). 
These vélues are very low and much below 
those Muth and I have reported. 

Using the same notation, let us now postu- 
late the following alternate set of demand 
and supply equations, which can be esti- 
mated from reduced forms calculated by 
L-E and which demonstrates the sensitivity 
of their results to changes in a priori specifi- 
cation. 


(1) SW- H) =a, + BY — BR — P). 
(2°) R — P = œ: + B(C — P) 
| +80 — P) + 8S — H) 


These equations seem more reasonable 
since there is no reason to include # in the 


supply equation as L-E did, obtaining diff- - 


cult to explain negative coefficients: Further- 
more K and perhaps C, and O ought to be 
deflated by P a la the authors’ deflation of R 
by P in the demand equation (1). Setting 
B1= 6.1 again and solving (1) and (2’) for 
R we obtain: 


6:0 














5 C Y 
3") peas. B3 Bs 
1+-Bs 1+8, 1+8; 1+8: 
(1—83—Bi+8s) p 
(1+83) 


which would be estimated as: 
(4) R = di + daP + dY + da + disO 


L-E have estimated this reduced form 
obtaining the following three equations with 


the f-ratio shown in parentheses below 
coefficisnts: 


(9) By =4.39 + 89P + .31Y + .31C 
(4.1) (21) (24) (3.3) 
+ .200, R? = .66 
(2.2) 
(10) Fy = 4.32 +1.00P + .35¥ + .27C 
(3.3) (2.0) (2.2) (24) 
+ .120, R? = 54 
(1.1) 
(11) Rs = 1.59 + 1.26P + .73¥ + .14C 
(18) AD (3.1) (8) 
— .100, R? = 36 
(—.6) 


We can now set d= (6;/1+-8s5) finding 6; 
and the elasticity of supply of housing equal 
to (1/8:). We can also solve for 83 = (1+ 85) dis 
and 6;= “1+8;)du, from which we can obtain 
a priori estimates of dj, the coefficients of P, 
equal to (1—$3—81+86s)/(1+85), providing 
an ecorcmetric test for our a priori model. 
Using tkis a priori specification and equa- 
tions (9% -(11), we calculate the following 
alternate parameters (shown in Table 1). 

. A simpler alternative specification of the 
supply function is: 


(5) (R — P) = æ: > bC +810 + 8S — H) 


Again, assuming 6;=$2=1 and substitut- 
ing from. the demand equation (1’) yields: 
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(6') R= æ + aps BC 8.0 
1+8s > 1+8s 1+8s 
| 
rear 
1+ 8s 


All coefficients except that of P stay the same 
while our a priori prediction of the coefficient 
of P becomes one. The calculated coefficients 
of P and the tratios in L-E’s equations (9), 
(10), and (11) are, respectively, .89 (¢=2.1), 
1.00 (¢=2.0) and 1.25 (¢=1.7). Hence, our 
second alternative model also fits L-E’s esti- 
mates extremely well. | 
The a priori assertion that the coefficient 
of P is equal to (1—83:—61+8s)/(1+8s) or 
one is held up by equations (9)—(i1), but 
the L-E assertion that the coefficients of Y 
and P are the same does not seem to be. 
They have put H into equations (15)-—(16) 
and defined a new variable Y+P, but the 
absence of H should not really be of great 
importance in determining the coefficients? of 
(9)-(11) where we can examine the hypoth- 
esis that the coefficients of P and Y are the 
same. L-E have not made such examination. 


TABLE 2—COMPARISONS OF FY AND P COEFFICIENTS 


Equation Coefficient F Coefficient P 
(9) 0.31 0.89 
(2.4) (2.1) 
a. 0.35 1.00 
' (2.2) : (2.0) 
(11) 0.73 1.26 
(3.1) (1.7) 


Though we cannot test whether the coeffi- 
cients of P and Y are significantly different 
without knowing their covariance, we can 
say that they appear so at the 10 percent 
level assuming no covariance. Positive co- 
variance as is likely would probably show 
them significantly different at the 5 percent 
level or higher. 


3 The assumption is supported by the observation 
that the coefficients of O and C are not significantly 
affected by the inclusion or exclusion of H. For example, 
compare (9)-(11) and (15)—(17). 
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The a priori model of supply which would 
best fit land value theory would divide the 
supply of housing services variable, S, by 
the quantity of land upon which S is located, 
T,, as follows. 


(7) R— P = a, +.8:C + 610 + Bs(S — T.) 


III. Conclusions 


First we have briefly explained why recent 
theoretical findings show the L-E hypothesis 
of constant cost of increasing the amount of 
housing services on a given land area is in- 
consistent with the existence of positive land 
values. We have gone on to suggest the use 
of housing structures per unit land as a vari- ` 
able which should have been used to reflect 
the above fact. 

Secondly, we pose two reasonable alterna- 
tive specifications of the supply function 
which would yield reduced form equations of 
a type estimated by L-E. Using these alter- 
native specifications we obtain estimates of 
the elasticities of supply of housing and 
a priori predict the coefficients of P found in 
the actual reduced form. The ability to pre- 
dict the coefficients of P indicates that our 
alternative specification is likely to be supe- 
rior to those postulated by L-E which predict 
the coefficients of P and Y equal in apparent 
contradiction of the estimated parameters. 

The second alternative specification ad- 
vanced in this paper predicts the coefficient 
of P as always being one while the first alter- 
native specification predicts P coefficients of 
.76 to .96. The coefficients calculated by 
L-E are .89, 1.00, and 1.26; none of which is 
significantly different from either alternative 
specification and all of which are significantly 
different from the P coefficient calculated by 
L-E when they force the coefficient of P and 
Y to be equal. 

The elasticities of supply calculated using 
our alternative specification and the reduced 
form estimators for low and moderate rental 
housing are 2.2 and 1.8 compared to .7 and 
.o, respectively, calculated by L-E. Supply 
elasticities of 2.36 to 5.00 are predicted in 
my earlier work when land is about one-fifth 
to one-tenth of the value of structure plus 


~ 
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land* where the elasticity of supply of struc- 


. tures is one-half of the ratio of total cost to 


land cost; 
N 1 Total Value 
2 Land Value 


The estimated equations for high income 
housing, (11) and (17), yield supply elastici- 
ties of .3 for L-E and .37 for the alternative 
specification. These estimators are the most 
econometrically suspect, since the coefficient 
of O, the log of the price of operating inputs, 
turns “negative”. The /-ratios for O, C, and P 
drop to —.6, .8 and 1.7, respectively, in 
equation (11) from 2.2, 3.3, and 2.1 in equa- 
tion (9), while the R? drops to .36 from .54 
and .66 in equations (9), (10), and (11), 
respectively. 

Examining the authors’ specifications of 
the reduced form, 


(15). R, = 2.33 + .321C + .1830 


Es 


(2.0) (3.9) (2.1) 
+ .593(¥ + P) — .036H 
(4.0) (—2.6) 
(R? = .70) 
(17) R, = 1.43 + .178C — .0660 
(6) (14) (—.4) 


+ .745(¥ + P) + .004H 
(2.6) (.2) 
(R? = .35) 


4The one-nfth figure is based upon HUD data for 
new homes built in the United States in 1970. The one- 
tenth figure is based on the land content of high-rise 
apartment buildings. 


THE AMERICAN ECONOMIC REVIEW 





JUNE 1973 


we see the same dramatic drop in: the /-ratios 
of all -varizbles; the coefficient of O to nega- 
tive; and tne R?. 

The explanation of this difficulty would 
seem to be that variables O, C, P, and per- 


_ haps F suffer from multicollinearity in equa- 


tion (11) and (17). The coefficients of C and 
O are dropping to below their true value as 
the coefircients of Y and P are rising above 
their true values. Thus the coefficients of P 
and F are too high and the elasticity esti- 
mates, 1/8, too low in these equations, 
though it would not be surprising to find the 
elasticizy of supply of high rent housing 
somewhat more inelastic than that for low 
rent housinz, since it is easier to depreciate 
existing housing downward than it is to up- 
grade low quality housing. High income 
housing mav also have a higher component 
of historic, artistic, and cultural resources 
which are difficult to duplicate, thereby re- 
ducing supp-y elasticity. 

This mutticollinearity may have also 
lowered the 2stimates of supply elasticity for 
moderete and to a lesser extent low inccme 
housing. Hence, the supply elasticity of 2.2 
estimated for low income housing is the most 
significant by all criteria and the closest to 
those which I estimated. 
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The Supply of Rental Housing: Reply. 


By FRANK DE LEEUW AND NKANTA F. EKANEM™ 


Ronald Grieson comments on two aspects 
of our paper: the plausibility of its results, 
and the interpretation of its empirical find- 
ings. 

On empirical findings, we have no strong 
preference for our interpretation over Grie- 
son’s. He shows, in essence, that if the gen- 
eral price level enters the supply function as 
well as the demand function, then our regres- 
sion coefficients may impiy elasticities of 
supply somewhat higher than the ones we 
presented. The elasticities we presented 
ranged from .3 to .7; the ones he presents 
range from .4 to 2.2. Both Grieson’s inter- 
pretation and ours lead to the same principal 
conclusion; namely, that “ ... the long-run 
supply of housing services is less than per- 
fectly elastic” (see de Leeuw and Ekanem, 
p. 812). Both sets of elasticity estimates 
suffer f-om the problems of measurement 
error which our article discussed. 

An advantage of Grieson’s interpretation 
is that it implies higher reduced-form co- 
efficients for the price level than for income 
per household, which fits the data better 
than our specification. One disadvantage of 
his interpretation is that there is no clear 
theoretical basis for including the general 
price level in the supply function; if the sup- 
ply function is the result of profit maximiza- 
tion subject to a production function for 
converting capital and operating inputs into 
housing services, then the only relevant 
prices would seem to be those of housing 
services, capital inputs, and operating inputs 
(all of which were already included in our 
specification). Possibly the general price 
_ level serves. as a proxy for prices of inputs 
not covered by our measures. But surely the 
general price level does not belong in the 
supply function simply because it appears in 
the demand function, as Grieson seems to 
argue. 

On the plausibility of results, we have 


* The Urban Institute. 
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reservations about Grieson’s position. He 
finds a long-run rising supply price for hous- 
ing services plausible because of the inelastic 
supply of land. Both our elasticity estimates 
and his, however, refer to the elasticity of 
supply holding constant the price of land as 
well as prices of other inputs. (See de Leeuw 
and Ekanem, pp. 808, 810.) Hence, the ex- 
planation of our findings cannot be the 
tendency for the price of land to rise as 
housing demand shifts upward. 

We suspect that the explanation of our 
findings lies in diseconomies of scale in the 
maintenance, improvement, and conversion 
of existing housing capital. To understand . 
the conneciion between these activities and 
our study it is useful to distinguish between 
two meanings of “long run” in the housing 
market. The first is a time period long enough 
for the total quantity of housing capital in 
a housing market to respond fully to changes 
in underlying conditlions—a period whose 
length has been estimated to be of the order 
of magnitude of six years. (See Richard 
Muth, p. 76.) The second is a time period 
long enough for not just the quantity, but 
the form of existing housing capital—number 
of units per building, architectural style, 
location pattern within a housing market 
area, and so forth—to respond fully to 
changes in underlying conditions. The sec- 
ond long run is surely a great deal longer 
than six years. 

We believe that the results of our study 
apply to the first rather than the second of 
these long runs. In the second long run, at 
least under competitive conditions, prices 
per unit of housing service presumably ap- 
proach new construction prices (plus local 
land rents) for all types of housing. Since the 
construction of new housing is a replicable 
process, we might expect (input prices aside) 
constant returns to scale to characterize, at 
least approximately, this long run. 

In the first long run, however, there could - 
be important quasi rents—positive or nega- 
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Property Crime and Economic Behavior: 
Some Empirical Results 


By DAVID LAWRENCE SJOQUIST* 


Belton Fleisher and Gary Becker have 
previously suggested that crime may be ex- 
plainable, at least in part, by economic 
theory. Thais paper will consider this possi- 
bility for the crimes of robbery, burglary, 
and larceny over $50.1 The hypothesis to 
be tested is that under some conditions, 
criminals can be treated as rational economic 
beings, assumed to behave in the same eco- 
nomic manner as any other individual mak- 
ing an economic decision under risk. 

In Section I we develop an economic model 
of criminal behavior; Section II is devoted 
to a discussion of the problems involved in 
testing the model; and Section III is con- 
cerned with the results of the empirical 
analysis. 


I. An Economic Model of Criminal Behavior 


Given a fixed amount of time, t, an in- 
dividual must choose between those various 
activities which consume time. For our pur- 
poses, let us assume there are two time- 
consuming activities or forms of behavior, 
one of which is legal, i.e., work, and the other 
illegal, i.e., crimes against property. Our 
task is to explain how the individual al- 
locates his time’ between the two activities. 
It is expected that this depends on the gains 
and costs involved in the two activities. 

Participation in the two activities is ex- 


* Assistant professor of economics, Georgia State 
University. I wish to thank the National Institute of 
Law Enforcement and Criminal Justice for financial 
support of this paper, a fact whicn does not necessarily 
indicate the concurrence of the Institute in the state- 
ments or the conclusions contained herein; Edward 
Foster, without whose help this paper would not exist; 
and James Henderson, N. James Simler, Raymond 
Galvin, James Weatherby, Barbara Zoloth, and Larry 
Schroeder for many heloful comments. 

1 For a definition of these crimes, see Federal Bureau 
of Investigation (FBI), Reports, pp. 13-26. 

2 Tf leisure and work are equally valued at the margin 
then we need only consider one of them as the legal 
activity. 
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pected to result in psychic and financial 
gains and costs. The gain per unit of time 
from legal activity is measured by the in- 
dividual’s wage rate, gw, which is assumed to 
be constant and to include any psychic gain. 
The individual’s total gain from legal ac- 
tivity, Z., therefore equals the time allocated 
to that activity, tw, times the wage rate. We 
assume that gẹ is generated with certainty 
with all associated costs both financial and 
psychic included. 

Participation in illegal activities results in 
a psychic and/or financial gain. The psychic 
gain is measured by that quantity of money 
which the individual is willing to pav to ob- 
tain the psychic gain. The financial gain is 
measured directly by the dollar value to the 
criminal of the assets stolen.’ 

Since a crime could be unsuccessful, the 
gain from illegal activity, particularly the 
financial gain, is random with the individual 
normally possessing a subjective probability 
distribution of the possible gains. We will 
simplify however, by assuming that the gain 
is generated with certainty. We will also 
assume that the wage rate from crime, ge, is 
constant and includes any psychic gain so 
that the total gain from illegal activitv, fe, 
is equal to the time spent in illegal activity, 
te times the wage rate from crime.‘ All costs 
of illegal activity, both financial and psychic, 
other than those associated with arrest, con- 
viction, and punishment, are included in ge. 

Besides any expenditures for tools, etc., 
illegal activity involves the possibility of 
costs resulting from arrest, conviction, and 
punishment. These include public scandal, 
loss of freedom, the distaste of prison life, 
lawyer fees, possible reduction in potential 
income, since individuals possessing crim- 


3 Since nonfinancia] assets are normally distributed 
through a black market, the value to the criminal will 
not necessarily be the same as the loss of the victim. 

4 Assume ty, te->0, t>O and ty+t.=t. 
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inal records find it more difficult to obtain 
employment, and loss of earnings while im- 
prisoned, measured by the discounted value 
„of income foregone while in prison less any 
benefits received, such as room and board 
and vocational training. 

The psychic and financial costs associated 
with arrest and conviction are assumed to be 
quas:-fixed costs, that is, if arrested and con- 
victed, żhe cost is the same regardless of the 
time the individual spent in illegal activity.® 

The costs associated with imprisonment 
are. variable and depend upon the length of 
the sentence served and the individual’s 
legal wage rate. Assuming that the expected 
length of the sentence received is positively 
related to the time spent in illegal activity,® 
and that the length of the sentence received 
is positively related to the length of the 
sentence actually served, we can conclude 
that the expected cost of imprisonment de- 
‘pends upon the legal wage rate and the time 
spent in illegal activity. (There is a sub- 
stantial amount of evidence indicating that 
variance in sentencing is large,’ implying the 
existence of a probability distribution of 


possible costs from imprisonment, given that. 


arrest and conviction have taken place. We 
will, Kowever, disregard this and assume 
that there is no uncertainty as to the sen- 
tence received.) ) 

We then have the total cost of illegal ac- 
tivity, #, composed of a quasi-fixed cost 
component, p*, and a variable cost com- 
ponent, p= p (Ev, te). Thus, p=p +p (gu, te). 
Assume for simplicity that df(gu, t.)/dte=p 
and is constant. 

All crimes do not result in arrest and con- 
viction, meaning that the cost of illegal 
activity cccurs according to some prob- 
ability distribution. Individuals are assumed 
to possess a subjective evaluation of the 
probabilities of arrest, of conviction, and of 


5 Tf the quasi-fixed costs are large, then an increase in 
the length of the sentence increases total cost by a small 
percent. The effect then would be for variations in the 
length of the sentence to have little influence on the 
amount of time spent in illegal activity. 

ê For a study of sentencing which yields this result, 
see Edward Green. 

7 See Glendon Schubert. 
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impr:sonment. Although these probabilities 
no doubt depend upon the time spent in 
illegal activity, we will assume they are con- 
stant. Since nothing is lost in the analysis by 
doing so, we will also assume temporarily 
that the probability of conviction and 


punisament, conditioned on arrest, is one. 


Thus the joint probability „of arrest, con- 
viction, and punishment equals the prob- 
ability of arrest. 

The gains and costs from legal and illegal 
activities are evaluated by the individual 
accorcing to his preference ordering, taking 
into account the various probabilities. We 
assum=2 that this preference ordering is a 
Von Neumann-Morzenstern measurable util- 
ity function, that is, under conditions involv- 
ing risk, individuals will choose between 
alternatives so as to maximize the expected 
value of utility. 

There exist two possible states of nature, 
the individual will either be arrested and 
therefore convicted and punished, or not 
arrested. Let U(% +3.) represent the or- 
dinal utility if not arrested, and U(é, 
+%.—#) represent the ordinal utility if 
arrested, where the utility index is ap- 
propriazely chosen in accordance with the 
Von Neumann-Morgenstern axioms. Let r 
represent the probability of arrest, convic- 
tion, and punishment; that is, the probability 
of incurring those financial and psychic costs 
associated with arrest, conviction, and 
punishment. The expected total utility is 
thus: 


(1) ECU) = (1 — r) U (Bw + Be) 
HrU Bet Bap) 

which is to be maximized subject to the 

constrair.t t= tet te. 


The first-order conditions for maximiza- 
tion require that 


Ba — ge (1 — rn) UY 
a a rUy 
where 
_ Ge + &) 


Uy : E 
dB + Be) 





+. 
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and | | 
U? = dU (Bw + Ee a, $) 
dlge + £. — 3) 


Assuming Ui, Uf>0, then condition (2) 
holds if 


(3) Be — $0 < P 


It should be pointed out that a corner solu- 
tion at te= t is quite possible because of the 
quasi-fixed cost of illegal activity. 

The second-order condition requires that 


(4) (1 — UU [ge — gu)? 
` + rUg [ge — Bo — pl? < 0, 


where UY, UY refer to the second deriva- 
tives. A sufficient condition for (4) to hold 
is that the individual is risk averse, i.e., 

Y, UY <0. If an individual has a strong 
enough preference for risk the indifference 
curves will be concave, in which case the in- 
dividual will either specialize in work or 
crime. 

The question we wish te ask is: How do 
people respond to changes in risk, wages, 
and punishment? If the individual is risk 


averse, then given our previous assumptions, 


it can be shown that dt,/dr>0, i.e., an in- 
crease in r reduces the time spent in illegal 
activity. However if the indifference curves 
are concave then a person who was specializ- 
ing in work will now specialize in crime, if 
the change in r is large enough. Likewise it 
can be shown that for an individual who is 
risk averse we would have dt,/dg.<0, 
dtw/dgw>O0, and dty/dp>9. 


II. Testing the Model 


The time spent in criminal activity by the 
ith individual, ti, can be expressed as a func- 
tion of the variables specified in the previous 
section, namely, 


(5) te = f(r, Py Sus gr) 


where x? is an index of variables which 
“measures” tastes, and the other variables 
are as previously defined. 

Assume that this function has the follow- 
ing explicit form: 
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; ee E eee E 
(6) "i = A a ar tay, tas 

The model is specified in terms of in- 
dividual behavior, while the available data 
are community aggregates. Taking the na- 
tural logs of (6) and replacing individuel 
values by community means we have 


(7) In(TC/D = Inao + ailnr + œin GW 
| -+ alin GC +- asin P 
+asln X 


where (TC/D, GW, GC, P, and X represent 
population means of te, gw, £e, p, and x, re- 
spectively, TC is the total time spent in 
illegal activity and J is the community 
population. The values of the parameters of 
(7) will be the same as the parameters of (6) 
if we assume that the values of the parame- 
ters of (6) are the same for all individuals in 
a given community® and that the density 
function between individual values and the 
community mean of the variable are homo- 
geneous of degree one with respect to changes 
in the individual values and community 
means.’ l 

A cross-sectional sample of 53 munici- 
palities with 1960 populations of 25,000 to 
200,000 was selected on the basis of the fol- 
lowing criteria: 


1. We eliminated. communities with 
1960 populations of less than 25,000 because 
of a lack of data, and of more than 200,000 
in order to use communities which were in- 
ternally homogeneous. 

2. To minimize spillover effects, any 
community with neighboring communities 
of 25,000 or more was eliminated, as well 
as any community with less than 50 percent 
of the population of its Standard Metro- 
politan Statistical Area (SMSA). 


Of the 75 communities which fulfilled 
these criteria, 22 had to be dropped for lack 
of information on arrests. 

Since it is not possible to directly measure 
the time spent in illegal activity, we mea- 
sured the amount of illegal activity ky the 


3 For a proof see Henri Theil, p. 142. 
§ See James Tobin, p. 126. 
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total number of property crimes com- 
mitted, V. This in turn was measured by 
the total number of the three types of prop- 
erty crimes recorded by the local police de- 
partment as reported in the 1968 FBI Re- 
ports. 

The data on reported crimes is subject to 
strong criticism? and hence one must be 
very cautious in drawing implications using 
this data. l 

The FBI supplied unpublished informa- 
tion, collected yearly from local police de- 
partments, which we used to measure ar- 
rests and convictions at the local level for 
the year 1968. The number of convictions 
was similarly estimated!! for 1968 from this 
information.” 

We employed three separate measures of 
r: the ratio of arrests to the number of 
crimes; the ratio of convictions to the num- 
ber of crimes; and the ratio of convictions to 
arrests. These measure, respectively, the 
probability of arrest, r(A), the probability 
of conviction, 7(AC), and the probability of 
conviction given arrest, r(C| A). 

When “he ratio of arrests or convictions to 
reported crimes is used to measure r, re- 
ported crimes appear in both the dependent 
and the independent variable. Thus to the 
extent that there are errors in the measure 
of reported crimes, we expect a bias in the 
coefhicients of that equation. 

The net gain from legal activity, GW, was 
measured by the annual labor income to 
manufacturing workers in 1968. These are 
county-wide data and were obtained from 
the 1968 County Business Patterns.” 


u For a discussion of the problems with crime data 
see Thorsten Sellin and Marvin E. Wolfgang, pp. 71- 
86, and The National Opinion Research Center Report. 

1 Convictions were determined in the following man- 
ner: A conviction rate was found using the ratio of per- 
sons guilty tc the sum of persons guilty and acquitted. 
This ratic was then applied to those cases not yet 
brought to court. The number of convictions was then 
the sum of this product, the number guilty and the 
number sent to juvenile court. 

12 Using the number of arrests and convictions and the 
number of crimes for the same period does not take into 
account time lag between the criminal act and the ar- 
rest and the resulting conviction. This may result in 
erroneous measures of r. 

13 The size cf the city and the method of selection of 
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It is not possible to differentiate the in- 
comes of criminals from the incomes of 
victims, which poses a problem in measuring 
the gain from legal activity. To the extent 
thet crimes against high income individuals 
yield greater returns to the criminal, we 
wouid expect a positive correlation to exist 
between income and the number of crimes. 
If this is crue then use of mean community 
income is not a good measure of the op- 
portunity cost of committing crime. In addi- 
tion to mean income therefore, we also em- 
ployed substitute variables: the 1968 labor 
force unemployment rate, derived ffom in- 
formazion published by the Bureau of Labor 
Statistics, and the percent of families with 
income below $3,000, taken from the 1960 
Census of Populaticn. An unemployed per- 
son has more time to allocate to illegal ac- 
tivity and since his current income is low, 
he would have a greater incentive to commit 
crimes. The same reasoning can be applied 
to afarily with a low income. 

We Lave been unable to find any informa- 
tion on the financial loss of the public from 
criminal activity, other than a national 
averege for each classification of crime. As 


a substitute variable we used retail sales per 


establisament reasoning that the size of the 
expected gain depends upon the size of the 
establisament a criminal chooses to rob or 
burglarize. 

We assumed that the only variable cost of 
illegal activity is the cost of punishment, 
which cepends upon the income foregone 
while in prison less benefits, and any psychic 
costs. Tne d:scounted value of the foregone 
earnings is aighly correlated with current 
earnings thus we cannot use both in our re- 
gressior. equation. Given the mean income 
for the community, the foregone earnings 
will be Dropertional to the length of the 
sentence served. Thus the length of the 
sentence served can be used to reflect the 
cost of illegal activity. (Since we had no 
measure of the psychic costs, we had to 
ignore them.) 





the sample resul-ed in a sample for which differences 
between. the city end the rest of the county was mini- 
mized, so that tke problem of using county-wide data 
is minimal. 
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To measure the average sentence served, 
we used the reported state-wide average 


time served by inmates released from state | 


and federal prisons in 1960, for the crimes 
we are considering, as published by the Fed- 
eral Bureau of Prisons. Figures other than 
state-wide averages or beyond 1960 were not 
available. 

A number of variables was employed to 


reflect economic and demographic dif- ` 


ferences between communities as well as to 
reflect possible differences in the evaluation 
of the psychic gains and costs. The percent 
of the population which is nonwhite reflects 
the income distribution and regional dif- 
ferences, since In our sample the percent 
nonwhite decreases as one moves from the 
South to the Northeast, to the West, to the 


Midwest. The mean number of school years 


completed reflects both cultural differences 
and differences in expectations of future in- 
comes. We employed population density to 
reflect the fact that the closer the oppor- 
tunities are, the greater the likelihood the 
individual can acquire the information 
necessary to perform a crime. Finally, we 
included population as a factor because of 
possible differences in the social make-up of 
residents of different sized cities. 

Thus we arrive at the equation we es- 
timated: 


(8) (N/D= 
BorsS®2G Ws EMN WSS VPs DI's 


where V,7, GW, and J are as previously de- 
fined, 5 is the average prison sentence served, 
E is retail sales per establishment, NW is the 
percent nonwhite, SY is the mean school 
years completed, D is population density, 
and @ is a random error term assumed to 
‘have a lognormal] distribution. 


4 We feel the assumption that the same sentence is 
served by all criminals for a particular crime in a given 
state regardless of the commumity is not unreasonable. 
We know that the variance in zhe sentence served across 
states is substantially less than the variance in the sen- 
tence imposed. In addition, since paroles are normally 
granted by one agency for all state prisons in a particu- 
_ lar state, we expect even more uniformity in the sen- 
tence served than in the sentence imposed. 
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III. Results of the Statistical Analysis 


Using multiple regression analysis, we es- 
timated the parameters of equation (8) 
using the total of the reported property 
crimes in the three categories, robbery, 
burglary, and larceny over $50 to measure 
N and employing three different measures 
of risk: r(A), r(AC), and r(C| A). (We are 
assuming that if convicted the individual 
is punished.) The results of the regressions 
are presented in Table 1. 

It was implied from our model that the 
coefficients of the measure of risk shculd be 
negative and as seen in Table 1 th2 coef- 
ficients are of that sign. However, when r 
is measured by r(A) and r(AC) the coef- 
ficients are biased, as indicated above. Note 
though, that the coefficient for convictions 
per arrest, which is not biased, is also. nega- 
tive. 

According to the theory, an increase in 7 
reduces the amount of crime because It in- 
creases the expected cost and tneretore 
lowers expected utility from crime. Sep- 
arate increases in the three measures of risk 
result in increases in different costs. We zhus 
expect the elasticity of N with respect to 
risk to-be higher for 7(AC) than for +(A) 
given r(C| A), and for r(C| A) given r(A). It 
is also expected that the elasticity for 
r(C| A) would be less than the elasticity for 
r(A), given our discussion of cost in Section I. 

Equation 4) of Table 1 presents the results 
of a regression in which both r(C|A) and 
r(A) were used. Comparing equaticn 4) with 
equation 2), we see that the elasticity for 
r(C|A) is smaller than the elasticity for 
r(AC) as expected, though not significantly. 
The elasticity for r(A), however, is slightly 
larger than the elasticity for 7(AC). We note 
also from equation 4) that elasticity for 
r(C|A) is less than the elasticity for r(A), 
but again not significantly. 

The coefficient for average sentence 
served, S, is negative for all equations in 


‘Table 1, a result our theory leads us to ex- 


pect. 

In equation 4), we note that the elasticity 
of N/I is greater with respect tc 7(A) than 
with respect to S, but not significantly. If 
we assume risk aversion, i.e., that the ex- 
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1) in N/I=—1.09—.342 In r(A)—.212 In S+.167 In E4+.142 In GH+.179 ln I 


(—3.374)* 


+ .126 ln NW+.702 In S¥Y+.051 ln D ' 


(3.627)* (1.255) 


In N/I = —1.46— 354 ln r(AC) — .292 In S+.071 In E4+-.205 ln GW+. 084 In I 


(—3.759)* 


+.140 In NW+1.159 ln SY+.087 In D 


(3.987)* ' (2.062)* 


3) In N/I=—2.00—.678 In 7(C|A)—.467 In S—.111 in B+.349 In GW+.275 In I 


 (—1.502)* 


(3.006)*  (1.944)* 


+.121 in NW +.129 In SY-+.208 in D 


4) In N/I=—1.39—.365 In r(A) —.267 In r (C|A)—.285 in S-+.088 In E+ .200 In GW 


(—3.316)* 


+.082 In I4-.142 ln NW+-1.222 In SY+-.077 In D 
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TABLE‘ 1— REGRESSION EQuamTions Gane N TO MEASURE NUMEER OF CRIMES 
(t-statistics in parentheses) 
(-1.070) (547; (526) (1.402)* X 
(. 438) R?= £506 © 
(—1.438)* (229) (746) (.636) 
(.776) R?= 565: 
(—2.076)* (—.310) (1.132) (2 .028)* 
(1.590)* R?= 440 
(—\. 634} (—1.368)* {.272} (719) 
(1.886)* (.62€) R?= ,556 


(.616) (3.887)* ` 


: Significant at the 10 percent level with a one-tailed test. 


N=Total number of robberies, burglaries and larcenies over $50 in 1968 reported to the FBI by local police. 
A =Number of arrests in 1968 for the crimes of robbery, burglary and larceny over $50 as reported to the FBI 


by local police departments. 


C=Nunber of convictions in 1968 for the crimes of robbery, burgiary, larceny over $50 as reported by the local 


police to the FBI. 
r{A)=A/N 
r(AC)=C/N 
V(ClA)=C/A 


GW = Yearly income in thousands of dollars from the 1968 County Eusiness Patterns; county wide. 
E= Yearly sales per retail establishment in thousands of dollars taken from the 1967 Census of Business. 
5 =The average sentence served by inmates released from State and Federal Institutes who had been charged 
with either robbery, burglary, or larceny over $50. This is state wide. 
_£=Community population, in thousands, taken from the estimates of 1968 population made by Rand McNally 
and published i in their Commercial Atlas and Marketing Guide. 
NW =The percent of the city population which was nonwhite in 1960, taken from the 1960 Census of Population. 
SY=Mean school years completed by residents of the community ir 1960 taken from the 1960 Census of Popu- 


latior. 


D= Population density, persons per square mile, for the community taken from the 1960 Census of Population. 


pected loss of utility is less than the utility 
‘of the expected loss, and that the cost of 
arrest is large, it follows that the change in 
the expected loss of utility will be greater for 
a Í percent increase in r(A) than for a 1 
percent increase in the cost of punishment. 
This implies that more crimes will be pre- 
vented by increasing 7(A) than by increas- 
ing the cost of punishment or that the elas- 
ticity of N/I with respect to r(A) should be 


greater than with respect to S, which is our 
measure of the cost of punishment. 

The coefficient of EZ, retail sales per es- 
tablishment, is positive in three of the four 
equations in Table 1. Retail sales per es- 
tablishment is admittedly a very crude 
measure of the gain to criminal activity, a 
statement which is borne out-by the low 
values of the t-statistic. 

The only result of the analysis which ap- 
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pears to be in conflict with the theory is the 
coefficient for income, which we find to be 
positive, whereas a negative coefficient is 
anticipated. If it is true, as previously sug- 
gested, that GW is a measure of the gain to 
both legal and illegal activity, the coefficient 
of income could be either positive or nega- 
tive. 

To test our theory further, we ran regres- 
sions employing two additional variables, 
the labor force unemployment rate, UE, and 
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the percent of families with incomes below 
$3,000, PCBT, for which we would expect 
positive coefficients. As seen in Table 2, the 
coefficients for UE are all positive while the 
coefficients for PCBT, however, are mixed. 
Let the two roles that income plays in our 
model be designated as the “gain effect,” 
j.e., aS a measure of the gain from crime, 
and the “need effect,” i.e., as a measure of 
the gain from legal activity. The results 
presented in Table 2 provide some evidence 


TABLE 2--REGRESSION Equations Usine PCBT and UES 
` (statistics in parentheses) 


1) In N/P=—1.13—.384 In r(A)—.268 In S+.137 In E+.175 In GW+.085 In I 


(—3.601)* (—1.280)* (.431) (550) (.634) 
4.150 In NW+-1.011 In SY+.050 In D— .021 In PCBT 
(3.202)* (1.772)* (4834)  (=.121) R= .561 
2) In N/I=—1.15—.338 In r(A) —.253 In S+.204 In E+ .083 In I+4-.158 In NW 
(—3.686)*  (—1.231) (.707) (622)  (3.560)* 
41.031 In SY-+.052 In D— .066 lin PCBT 
(1.827)*  (.450) — (—.439) Rt= .558 
3) ln N/T=—1.33—.354 In r(A)— .200 In S+-.103 In E-+-.239 In GW+.185 ln I 
(—3.649)*  (—1.046) (.357)  (.938) (1.452)* 
4.137 In NW -+.826 In SY+.002 In D+. .343 In UE 
(4.156) (1.580)* (015) (2.822)* Rox 637 
4) ln N/T=—1.65— .368 In r(A) — .186 In S++. 220 In E+. 184 In I4+-.137 In NW 
(—3.857)*  (—.981) (.850)  (1.452)* (4. 161)* 
+ .857 In SY -+.004 In D+.336 In UE 
(1.644)* (.040) —(2.772)* R?= .629 
5) In N/I=—1.47—.356 In r(A) —.204 In S-+-.101 In E+ .273 In GW +189 In I 
(—3.608)*,  (—1.051) (.347) (927) (1.453)* 
+.130 In NW+.820 In S¥+.001 In D-+.347 In UE+.383 In PCBT 
(2.964)*  (1.546)* (006) (2.794)* (240) Rt=: 638 
6) In N/T =—1.49—.364 in r(A) — .184 In S+.207 In E+.181 In 14.142 In NW 
(—3.709)*  (—.956) (.773)  (1.398)* (3.432)* 
+.858 In S¥-+.005 In D+.334 In UE~ .033 In PCBT 
(1.627)* (043) | @2.708)*  (—.237) R?= .629 


* Significant at 10 percent level with a one-tailed test. 
8 In addition to the variables defined in Table 1, Table 2 includes: 


PCBT = Percent of the families in the community who had incomes below $3,000 in 1959 taken from the 1960 Census 
of Population. 
UE=The labor force unemployment rate in 1968 generated from data published by the Bureau of Labor Statistics. 


‘The sample size for both regressions is 53, as is reported in the text. 
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that the coefficient of income is picking up 


the gain effect. When PCBT and/or UE are: 


used with GW, part of the need effect should 
be removed from the coefficient of GW, re- 
sulting in a larger coefficient for GW which 
. we find when comparing equation 1) of 
Table 1 with the equations in Table 2. 
Likewise, when GW is removed from the 
equation, the coefficients for UE and PCBT 
fall, since they are now picking up the gain 
` effect. This would also explain two of the 
negative coefficients for PCBT. 

We also note that the coefficient for E 
moves in the opposite direction of the move- 
ment of the coefficient of GW, providing 
further evidence for our explanation of the 
positive coefficient for income. 


‘IV. Conclusions 


Follcwing the lead of Becker and Fleisher, 
we have postulated an economic theory of 
property crime. Employing a Von Neumann- 
Morgenstern utility function we developed 
a model in which an individual must allocate 
his time between legal and illegal activities 
so as to maximize expected utility. We tested 
the model by running regressions on a cross- 
sectional sample of communities. 

The empirical results give at least tenta- 
tive credence to our hypothesis. We find 
that an increase in the probability of arrest 
and conviction and an increase in the cost 
of crime (punishment) both result in a de- 
crease in the number of major property 
crimes committed. 

Given our results, further work in this 
area does not appear to be out of order, par- 
ticularly mere sophisticated work employing 
better data. 
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A Skeptical Note on “The Optimality” 
of Wage Subsidy Programs _ 


By IRWIN GARFINKEL* 


In “Optimal Mechanisms for Income 


Transfers,” a recent paper in this Review, 


Richard Zeckhauser purports to demon- 
strate the welfare superiority of wage sub- 
sidies to negative income zax programs. He 
assumes that taxpayers derive utility both 
from increases in the incomes and from in- 
creases in the hours worked of poor people. 
In his simple model of a single beneficiary 
and a single taxpayer, he shows that wage 
subsidy (W.S) programs are less leisure in- 
ducing than equally costly negative income 
tax (NIT) programs, and are, therefore, 
Pareto superior. 

There are at least three reasons for being 
skeptical. First, Zeckhauser and others! not- 
withstanding, there is no theoretical basis for 
concluding that pure WS programs involve 
less static work disincentive than pure NIT 
programs.” Second, Zeckhauser ignores the 


* The research reported here was supported by funds 
granted to the Institute for Research on Poverty at the 
University of Wisconsin by zke Office of Economic 
Opportunity pursuant to the provisions of the Economic 
Opportunity Act of 1964. I wish to acknowledge the 
helpful comments and suggestions of Michael Barth, 
Glen Cain, Edward N. Gramlich, Stanley Masters, 
Larry Orr, and Harold Watts. The conclusions are 
solely my responsibility. 

1 Jonathan Kesselman conc.udes, “the wage subsidy 
offers less static disincentive to work than any income 
subsidy (that is, NIT) plans yet developed” (p. 276). 
Michael Barth and David Greenberg recognize in a 
footnote that if labor supply curves are backward bend- 
ing, the above conclusion may not hold, yet in the text 
of their paper they state their agreement with the above 
conclusion. Zeckhauser and Feter Schuck simply assert 
that a WS has superior incentive effects. 

* Barth and Greenberg demonstrate that mixed 
WS-NIT systems in which individuals may receive sub- 
sidies simultaneously from both a WS and NIT pro- 
gram may induce greater labor supply reductions than 
pure NIT systems. I demonstrated in my discussion 
paper that the kind of self-categorizing mixed WS-NIT 
system advocated by Zeckhauser and Schuck may also 
induce greater labor supply reductions than pure NIT 
systems. Unlike the pure WS systems discussed in the 
text, either kind of mixed WS-NIT program could in- 
duce greater labor supply reductions than pure NIT 
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fact that the cost of WS and NIT programs 
depends not only upon the differential static 
work incentive effects of the two programs 
but as well upon the differential human in- 
vestment incentive effects. Third, he also 
ignores the differential effects of demand on 
the costs of WS and NIT programs. In this 
note I show that: 1) the analytical confusion 
about the work incentive effects of WS and 
NIT programs arises from attempting to 
generalize from the single beneficiary case 
to the many beneficiaries case; 2) the human 
investment incentive effects of NIT pro- 
grams could possibly be superior to those of 
WS programs; and 3) the explicit introduc- 
tion of demand into the analysis may also 
eliminate the alleged welfare superiority of 
WS programs. 

Before proceeding with the analysis, it 
will be useful to describe algebraically the 
alternative economic opportunities which are 
available to individuals if there is no pro- 
gram, a WS program, or an NIT program. 
The budget constraints of individuals with 
income only from earnings, income from 
earnings plus an N/T grant, and income from 
earnings plus a WS grant are described 
algebraically below: 


(1) Y = HW 
(2) Y=GH(tti—-mHW 
for Y < —; otherwise 
Y= HW, ý 
(3) Y = [g+ (1 —na)W]E 


‘for W < ~; otherwise 
n 
Y = HW, 


systems even if no beneficiaries had backward bending 
labor supply curves. 

3 Richard Musgrave clarified a similar confusion in 
the analvsis of the differential work incentive effects of a 
proportional and progressive income tax by distinguish- 
ing between the single taxpayer and many taxpayers 
cases. 
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asses OURS WORKED 0 


FIGURE 1. WORK INCENTIVE Errects or WS ann NIT PROGRAMS: 
SINGLE BENEFICIARY CASE 


where Y=net income, H=hours worked, 
W=hourly wage rate, G= guarantee in the 
negative income tax (subsidy for a given 
family size when other income is equal to 
zero), m= marginal tax rate (0<m<1) in 
the negative income tax program, g=the 
guaranteed wage rate (the minimum hourly 
wage rate the government will pay anyone 
irrespective of his market wage rate), and 
n=the marginal tax rate (0<n<1) on 
wages in a wage subsidy. Individuals with 
earnings above G/m, the break-even level of 
income in the negative income tax program, 
receive no income subsidy. Individuals with 
wage rates above g/n, the break-even wage 
rate in the wage subsidy, receive no wage 
subsidy. 


1. Work Incentive Effects 
Single Beneficiery Case 


It is easy to show given the conventional 
partial equilibrium assumptions that a 
single individual will work more under a WS 
than an XIT program if either his post- 
subsidy welfare, or his postsubsidy income, 
or his subsidy, is the same under the two 
programs. These three cases are demon- 
strated belcw with the aid of Figure 1. 

Hours of work are measured from right to 
left along zke horizontal axis and income 
along the vertical axis. It is assumed that 
initially all income is earned. The original 
budget constraint is given by the wage line 
OW. An NIT with a guarantee of OG dollars 
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results in a new budget constraint OGBW. 
Assume the new equilibrium lies along BG 
at a point such as E; where J; is tangent to 
GB. (The initial- equilibrium is unspecified 
here except that'it lies to the left of 2, 
along OW.) Now consider a WS that would 
leave the individual indifferent between F, 
and a new equilibrium suca as Æ. A WS 
pivots the old budget constraint or wage 
line OW, upwards from 0, resulting in a 
new wage line such as OY. The line OY must 
be steeper than GB since the WS increases 


the net wage while the NIT decreases the - 


net wage. Consequently, given indifference 
curves with diminishing marginal rate of 
substitution, E must lie to the left of Ay. 

Now consider a WS that would leave the 
individual with the same income as the NIT 
program. Equilibrium must lie along the line 
DC, which passes through Æ, and which is 
parallel to the horizontal axis. Given in- 
difference curves with diminishing marginal 
utility of leisure, only indifference curves 
which intersect DC to the left of Ay, will be 
steeper than the one at Æi. Since the new 
WS line must be steeper than GBW, equi- 
librium must lie to the left of Z;, at a point 
like Hs, where OX is tangent to Jı. The in- 
dividual will work harder and be worse off 
under the wage subsidy. 

Finally, it is now easy to see that if two 
WS and NIT programs are equally costly 
the former must lead to greater labor supply. 
The cost of the NIT program in the partial 
equilibrium framework of Figure 1 is equal 
to £,Z, the net subsidy to the beneficiary. 
(The actual costs in general equilibrium will 
depend on the élasticity of the demand for 
labor. See Section III below.) Given indif- 
ference curves with diminishing marginal 
rates of substitution, equilibria on a WS bud- 
get line which entail a net subsidy as large 
as EZ must lie to the left of Fy. 


Two (and Many) Beneficiaries Case 


The major problem with the foregoing 
analysis is that while WS and NIT programs 


can be constructed so as to hold constant 


one individual’s welfare or income, it is im- 
possible to construct therm in such a fashion 
that all individuals’ welfare or income is 
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held constant—unless wages and preferences 
of all individuals are identical. This point is 
extremely important, because it means that 
we cannot generalize from the single bene- 
ficlary case to the many beneficiaries case. 

This is readily demonstrated by reference 
to Figure 2, which depicts the indifference 
curves of Bı, and of an additional potential 
WS or NIT beneficiary (Bz). While the wage 
rates of B, and Be are identical, their tastes 
differ. At low levels of income, B has a 
much stronger preference for income vis- 
a-vis leisure than does B,. Hence Bys initial 
presubsidy equilibrium is at Ef? while Bys 
initial equilibrium is at Ef. ; 

The postsubsidy welfare of B, would be 
identical under the WS program which 
pivoted his budget constraint from OW to 
OY and the NIT program which shifted his 
budget constraint from OE to OGBW. But 
while B would choose not to get any posi- 
tive subsidy from the NIT program, he 
would necessarily benefit from the WS pro- 
gram. Thus while the NIT and WS programs 
hold . Bys postsubsidy welfare constant, 
they do not hold Bəs postsubsidy welfare 
constant. And, given differences in tastes 
and wage rates, unless special plans for 
every individual are devised, it is impossible 
to construct WS and NIT programs that 
would hold constant all individual potential 
beneficiaries’ postsubsidy income or welfare. 

Indeed Zeckhauser’s simple model breaks 
down in the many beneficiaries case. For 
equally costly WS and NIT programs 
would lead in general to different distribu- 
tions of welfare among potential bene- 
ficiaries. Without interpersonal utility com- 
parisons, it is impossible to ascertain 
whether WS or NIT programs are Pareto 
superior. 

More important perhaps, it is now easy 
to show that one cannot say a priori that WS 
programs must entail less static disincentive 
than NIT programs. As depicted in Figure 
2, Bı works moreif the WS rather than the 
NIT program is enacted. But Be works less. 
Moreover as depicted, the magnitude of 
Bəs differential response, ab, exceeds, cd, 
that of Brs. This constitutes a theoretical 
proof by counterexample that not all WS 
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HOURS WORKED 0 


FIGURE 2. WORK INcENTIVE Errects or WS anp NIT PROGRAMS 
Two BENEFICIARIES CaAs= 


programs entail less static disincentive than 
all NIT programs. 

Note that as illustrated in Figure 2, the 
sum of the subsidies to Bı and Be is greater 
in the WS than in the NIT program. Yet, it 
is easy to construct a plausible example in 
which the aggregate cost of the two programs 
is identical and the WS still entails more 
work disincentive. Imagine a third indi- 
vidual, B}, whose wage rate and tastes are 
identical to By’s, but whose work activity is 
restricted sufficiently by illness so that his 
subsidy from the NIT program would ex- 
ceed his subsidy from the WS program by an 
amount which would equate the sum of the 
subsidies to Bı, Be, and B; from the WS and 
NIT pregrams. Since B;’s labor supply 
would be determined by his health constraint 


and thezeby is unaffected by either the WS 
or NIT program, we now have an example 
where an equally costly W.S program entails 
more work disincentive than an NIT pro- 
gram. 

My proof by counterexample depends 
upon a particular configuration of tastes, 
wage rates, and health status. The critical 
assumption is that some low wage individ- 
uals like 32 have backward bending supply 
curves, yet refuse to participate in an NIT 
program because doing so would entail a 
reduction in their income.’ This assumption 


4 If no incividuals have tackward bending supply 
curves, a pure WS system musi necessarily entail less 
static work Cisincentive than a pure N/T system. For 
the WS will always be work inducing while the NIT 
will be leisure inducing provided leisure is a normal 
good. 
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and the others are, I believe, quite plausible. 
But the important point is that whether or 
not WS programs will entail less work dis- 
incentives than equally costly NIT programs 
is an empirical rather than a theoretical issue. 


Ii. Human Investment Incentive Effects 


The equilibrium condition for a utility 
maximizing individual who is considering a 
human investment decision isë 


(4) Ge 
da ~ 


where B= benefit, C=cost, r= discount rate, 
and t= time period. That is, the individual 
will undertake the investment as long as the 
present value of the benents exceeds the 
present value of the costs, where for sim- 
plicity all the costs are assumed to take place 
in the initial period ty and all of the benefits 
in period tı. Let 


(5)B = H(Wr — Wo) + (NPBr — NP Bo), 
(6)C = (HoWo — ArWr)., + Dz, 


where W’=the wage rate, N PB = nonpecu- 
niary benefits, H = hours worked, D= direct 
costs, and the subscripts T and 0 indicate 
respectively, with and without training. Note 
that in period ty, Hr and Wr refer to hours 
and wage rates during training, while in tı 
they refer to hours and wage rates subse- 
quent to training. Substituting (5) and (6) 
_ into (4) yields 


H(Wer — W opts F (NPBr = NPB) 


(1 + rit 
= (WoW 2 HrWr)t, + Dep 


(7) 


On-the-job investment or training (OJT) 
. is defined as a human investment which en- 
tails a reduction in Wo. Off-the-job invest- 
ment is defined as an investment that entails 
a reduction in H.5 

Enactment of either a WS or an NIT 


5 I igrore the problems created by lumpiness of both 
costs and benefits. 

6 Although off-the-job investment need not entail re- 
ductions in hours worked, nearly all forms of such in- 
vestment do involve reductions in hours. 
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program would increase incentives to obtain 
OJT.*? Consider first the effect of a WE pro- 
gram. If both the pretraining wage rate in 
the absence of training, We, and the post- 
training wage rate, Wr, are below the break- 
even wage rate, and nonpecuniary benefits 
do not increase as a result of training, the 
WS program will reduce benefits by i per- 
cent. But enactment of the WS program 
would also reduce the opportunity costs, 
H(Wo—Wr)t,, of OJT by n percent. If we 
assume there are no direct costs to O/T,? 
therefore, the enactment of a WS program 
would not reduce the incentives cf any 
workers to obtain OJT. Moreover, if either 
the pretraining wage rate in the absence of 
training or the posttraining wage rete are 
above the break-even wage rate, or if non- 
pecuniary benefits increase as a result of 
training, the WS program will reduce bene- 
fits by less than n percent and thereby in-- 
crease the incentive to obtain OJT. Simi- 
larly enactment of an NIT will reduce the 
costs of OJT by m percent and the benefits 
by up to, but often by less than, m percent. 
Without knowledge about progrem pa- 
rameters and individual preferences it is 
impossible to specify whether enactment of 
a WS or an NIT would lead to the greatest 
increase in incentives to obtain O/T. 

A WS, however, would definitely provide 
greater disincentives than an NIT to obtain 
off-the-job human investment. The benefits 
of such an investment would again be re- 
duced by up to x and m percent, respectively 
by enactment of either a WS or an WIT pro- 
gram. But the enactment of any WS woula 
also increase the cost of off-the-job human 
investment by increasing the value of fore- 


T Tf there are no costs to training, the rational indz- 
vidual will always undertake the training so long as the 
benefits are greater than zero. The mere process of 
working may entail training. Whether this is true of the 
jobs held by poor workers is open to question. But if - 
this were the case and if an NIT were more leisure in- 
ducing than a WS in the aggregate, it could be argued 
that more on-the-job training would take piace if a WS 
rather than an NIT program were enacted because 
workers would be on the job more of the time in the 
former program. 

8 Tf the direct costs are greater than zero, the total 
costs would be reduced by less than m percent and there 


might actually be a disincentive. 
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gone earnings. In contrast, enactment of an 
NIT would never increase, and in many 
cases would reduce by up to m percent, the 
costs of off-the-job human investment. Thus, 
even if the enactment of an NIT program 
would discourage such investment because it 
reduced the costs of an investment by a 
smaller percentage than the benefits, the 
disincentives would be much smaller than 
those engendered by the enactment of a WS 
program. 

Giver. the larger off-the-job human in- 
vestment incentive effects of a WS, it is 
possible that a WS which appears to cost the 
same as an NIT when only their static work 
incentive effects are considered, may actually 
be more costly. Again, whether the overall 
human investment incentives effects of an 
NIT are superior to those of a WS is an 
empirical question which would depend upon 
such factors as program parameters, tastes, 
and the relative payoffs to poor workers of 
on- ard off-the-job human investments.? 


III. General Equilibrium Effects 


Finally, it is impossible to analyze the 
benefits to beneficiaries or the costs to tax- 
payers of WS and NWIT programs within the 
partial equilibrium framework employed 
by Zeckhauser.’° If WS programs do lead to 
increases in the labor supply of poor people, 
market wage rates will fall, subsidy inclusive 
wage rates will fall, and the cost of the pro- 
gram will increase unless the demand for 
labor is perfectly elastic. The greater is the 
inelasticity of demand, the smaller are the 
benefits to the poor and the larger are the 
costs tc the taxpayer of WS programs. Since 
on the other hand NIT programs must de- 
crease the supply of labor, the more in- 
elastic is the demand for labor, the larger 


` While the returns to OJT appear in general to be 
large, many poor workers are apparently poor precisely 
because their jobs have very little OJT component to 
them. On the other hand, the returns to poor workers 
from their current off-the-job human investments may 
also be small. It is clear that the differential human in- 
vestment incentive effects on the poor of WS and NIT 
programs is a very complicated empirical question. 

10 I am indebted to Edward Gramlich and Michael 
Barth for calling my attention to the importance of the 
demand for labor in evaluating W.S programs. 
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are the increases in beneficiary wage rates 
and the smaller are the NIT program costs 
to the taxpayer. (Of course, WS programs 
could also lead to such results if in the ag- 
gregate like VIT programs, they turn out to 
be leisure inducing.) If the demand for labor 
is as inelastic as many studies suggest," even 
with highly inelastic labor supply curves, 
very costly W.S programs might lead to rela- 
tively small increases in the total incomes of 
the poor. The welfare superiority of WS to 
NIT programs in these circumstances 1s 
doubtzul. In any case, it is clear that one 
cannot compare the welfare effects of WS 
and NIT programs without considering the 
elastic:ty of the demand for labor. The 
partial equilibrium costs and benefits of WS 
and XT programs identified by Zeckhauser 
will only be equal to the general equilibrium 
costs end benefits if the demand for the 
labor of the poor is perfectly elastic. 

I conclude by simply noting that since 
Zeckhauser’s “demonstration” of the op- 
timaliz of wage subsidy programs depends 
explicitly on the alleged superior work in- 
centive effects of WS vis-a-vis NIT pro- 
grams, and implicitly on the assumptions 
that the programs have no differential hu- 
man investment incentive effects, and that 
the demand for labor is perfectly elastic, 
the case for the optimality of wage subsidy 
progrems is open to Serious question. 
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Optimal Mechanisms for Income Transfer: Note 


By ROBERT E. ScHLENKER* 


In a recent article in this Review, Richard 
Zeckhavser examines the subject of income 
transfer and concludes that a wage subsidy 
scheme (WS) is superior to a negative in- 
come tax plan (NIT). Zeckhauser’s results 
are derived from a model in which a single 
representative poor man faces a single, 
fixed wage rate. The purpose of this com- 
ment is to extend Zeckhauser’s discussion by 
comparing the two plans in a setting of many 
potential recipients, some unemployable and 
the rest facing different wages rates. When 
this is done, the superiority of the WS ap- 
‘proach over the NIT does not appear quite 
as clear-cut as suggested in Zeckhauser’s 
article. 


The many-recipient setting requires two 


modifications in Zeckhauser’s WS plan. 
First, a positive income floor is needed to 
cover those who are unemployable or who 
can work only a small number of hours, 
Under the scheme presented in Zeckhauser’s 
article, with a negative basic stipend, such 
mdividdals would actually be taxed to sub- 
sidize the more affluent poor. Second, the 
subsidy must vary with the wage rate in 
such a way as to provide a smooth transition 
from subsidized and unsubsidized rates. The 
NIT deals with both those problems’ by 
providing an income floor and a break-even 
earnings level at which the subsidy ceases. 
Zeckhauser is also well aware of the problems 
and, with Peter Schuck, has suggested a 
realistic operational WS plan in another 
writing. The structure of that plan forms the 
basis for our subsequent discussion. 


I. An Operational Wage Subsidy Plan 


Zeckhauser and Schuck propose a two- 
plan approach as illustrative of a more gen- 
eral multiple-plan approach. One plan pro- 


* Senior staff member of Inter Study, a policy re- 
search organization in Minneapolis, Minnesota. Helpful 
comments were received from a reviewer. 


- vides a relatively large basic stipend and 
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places a high marginal tax rate on earnings; 
the other plan combines a small basic 
stipend with a wage subsidy (or negative tax 
rate on earnings). The subsidy varies with 
the wage zate so as to make up half the 
difference between the actual wage rate and 
$3 per hour. The choice of plan would be 
left to each recipient. The two-plan ap- 
proach thus deals with the situation of many 
recipients -y providing an income floor and 
a wage rate subsidy which declines as the 
wage rate increases. 

Assuming the poor are éesnomically ra- 
tiona:, those with low potential earnings 
would. choose the plan with the high basic 
grant and high tax rate, while those with 
higher dotential earnings would choose the 
wage saibsidy option. Assuming, for sim- 
plicity. that the high stipend, high tax rate 
option incorporates a 100 percent tax rate, a 
client’s ‘income would then be represented 


by: 
(1) y = [w + b(wo — wh, 


for y >g, and w < Wo 


and 
(2) 


In these equations, y is the total income of 
the recipient g is the income floor (the basic 
stipend unde: the high stipend-high tax rate 
plan): wy is the break-even wage rate, or 
the rate at wiich the wage subsidy ceases; b 
is the fraction of the difference between the 
actual wage rate and the break-even wage 
rate which is made up by the subsidy; w is 
the actuel wage rate; and k represents the 
actual number of hours worked. In Zeck- 
hauser and Schuck, b=.5 and wo= $3. Equa- 
tion (1) is easily derived (see also the article 
by Jonathan Kesselman) from the fact that 
the subsidy, y— wh (i.e., total income minus 
earned income}, is designed to make up the 


= g otherwise 
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fraction, b, of the gap betwzen wo and w. 
Therefore, y—wh equals 5(wo—w)h for 
w<wy and for all #, and solving for y yields 
equation (1).! 


Ii. A Comparative Negative Income Tax Plan 


For our purposes, the most useful way to 
compare the WS and NIT income transfer 
approaches is to provide them with identical 
boundary points on the range of earnings 
subsidized. That is, we postulate the same 
income floor and the same break-even point 
for each plan. 

Because the break-even condition is de- 
fined in terms of earnings for the NIT and in 
terms of the wage rate for the WS, an addi- 
tional specification is needed to link the two 
together. We do this by specifying Žo as a 
reasonable maximum for the number of 
hours worked (such as 2,000 hours per year), 
and stating the condition, woke= yo, where 
yo is the break-even earnings level under the 
NIT. If ko is a realistic maximum for A, then 
neither plan will subsidize earnings above yo. 

With these specifications, the equation for 
total income under the simplest form of a 
comparative NIT is: 


(3) y = g + ewh 


where g is again the income floor and e is a 
constant fraction determined by the income 
floor and break-even point as (yo—g)/yo. 
While the WS and the NIT plans we have 
specified will have identical income floors and 
identical break-even earnings levels, within 
the subsidized earnings range, the plans will 
be quite different. 


1 Equation (1) is noticeably different from the formu- 
Jation given in Zeckhauser’s (1971) model because of the 
necessity of dealing with different wage rates. Zeck- 
hauser’s WS equation is y=s-+/nv(1—2), where s is the 
basic stipend and ¢ is the marginal tax rate; both s and 
t are negative. In the multiple wage rate case, we must 
require that wage rates less than the break-even rate, 
wo, although subsidized, result in effective wage rates 
which are less than we and rise toward wo as w rises to- 
ward wo. Therefore w(1 — 4) must be positive, less than 
Wy, and rise toward we as w rises toward wo. Specifically, 
at w=We, t must equal 0. Also, at w=w's, the income 
subsidy must vanish and y=wolt=sthwo(1—J. 
With ¢=0, this implies that s=0. With s=0 and 
t= —b(wo/w—1), with 0<b<1, the desired conditions 
are met and equation (1) results. 
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UI. ‘Taxes and Subsidies Under the Two Plans 


Under both plans, the recipient can in- 
crease his income in only two ways: increas- 
ing hours worked or the wage rate. The ef- 
fects of an increase in hours worked will be 
examined first. From equations (1)-(3), 
partial differentiation of y with respect to k 
yields: 


rey 
(4) WS: = Sodna S 
l 
= 0 otherwise 
ð 
NIT: Md = ew 
ah 


Since wo>w and e<1, w+b(wo—w) >w and 
ew<w. Thus, as expected, the NIT taxes 
increases in hours worked while the WS sub- 
sidizes such increases if y>g. However, if 
y<g, the WS plan levies a higher tax rate on 
increases in hours worked than does the 
NIT. The need for an income floor thus 
significantly affects the relative merits of the 
WS and NIT plans, and the role of the 
floor deserves further consideration. 


The Role of the Income Floor ` 


With an income floor, low wage employ- 
ment would be discouraged under a WS plan, 
because a 100 percent tax rate would apply 
until after-transfer income rose above g. A 
lower tax rate would apply to the AIT. 
Thus, some persons could be expected to 
work under NIT who would not work under 
WS. For such persons, the NIT would vield 
higher total incomes and lower transfer costs 
than would the WS. (The transfer cost under 
NIT is g—(1—e)wh; under WS it is g for 
such persons.) 

To encourage more employment at low 
wage rates, a high value of b could be utilized. 
The only restriction on b under WS is that it 
be between 0 and 1. To encourage employ- 
ment, the after-transfer income from em- 
ployment would have to be greater than the 
income floor by a significant amount even at 
low earnings levels. From equatiors (1) and 
(2), this would require that [w+A4(wo—w ]k 
>g even for low wage rates and hours 
worked; the greater the value of b, the lower 


456 THE AMERICAN ECONOMIC REVIEW 


the values of w and k at which the inequality 
would hold. How large a value of b is re- 
quired? This is an empirical question on 
which we have no information but the ex- 
amples in Table 1 provide some insights. 

The table indicates the number of hours 
of work required before the income from 
work with a wage subsidy exceeds the value 
of the income floor. The hours are calculated 
for different wage rates, different values of 
b, and different income floors. The general 
point is that a relatively high value of b may 
be necessary in order to encourage employ- 
ment at low wage rates. For example, if 2,000 
hours represents full-time work (on an an- 
nual kasis) and $3,000 is the floor, at least 
half-time work is required under all values of 
b before work income exceeds the floor for 
` wage rates less than $2. If the floor is $2,000 
the number of hours required is smaller. 
In either case, the greater the value of b, the 
lower the required number of hours. 


TABLE 1—-Minincum Hours oF Work NECESSARY 
UNDER W.S ror INCOME TO EXCEED FLoor 


Case 1. g=3,000, yo=6,000, wo=3, e=.5 


wl 2000 1500 1200 1071 
2 1333 1200 1091 1034 
Case 2. g=2,000, yo=6,000, w=3,e=.67 . 
w=] 1333 1000 800 714 
2 889 800 727 690 


A high value of 6 may thus be required if 
low-wage employment is to be encouraged 
under a WS plan. There is a tradeoff in- 
volved, however, between increasing b and 
increasing the incentive for recipients to ob- 
tain wage rate increases, as discussed below. 


The Wage Rate Tax 


The second way the recipient can increase 
his income is by obtaining a wage rate in- 
crease. While major concern is usually with 
hours worked (see Zeckhauser), the tax on 
wage rate increases is not a trivial issue. For 
instance, under a WS plan, at a given wage 
rate, the transfer cost for a recipient can 
only-be reduced if the recipient reduces his 
hours of work. The current welfare reform 
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debate suggests that such action would be 
frowned upon by the nonpoor (even if pro- 
gram costs were thereby reduced). The only 
acceptable way to reduce costs would then 
be via wage rate increases. The emphasis on 
manpewer programs in welfare reform 
propesals indicates the public attractiveness 
of programs which promise to increase the 
productivity of the poor. At the same time, 
the nozable lack of success demonstrated by 
such programs in the past indicates that ob- 
taining wage rate increases is not costless for 
either recipient or society. Taxing wage rate 
increas2s, by adversely affecting recipient 
incentives to obtain such increases, can only 
intensify the problem. 

Both WS and NIT place a tax on wage 
rate increases. The relevant effective wage 
rates w2re given in equation (4) above. The 
change in the effective wage rate resulting 
from a change in the actual wage rate can be 
found by differentiation of (4) with respect 


to w: 
(5) WS: < (22) =1— b fory>g 
dw \dh 
= 0 otherwise 
NIT: = e 


The tax rate on wage rate increases is 1 minus 
the effective wage rate increases given in 
(5). Thus, the tax rate on wage rate in- 
creases is b under WS and i—e under NIT. 
Under 7S there is therefore a tradeoff 
between the size of the wage rate subsidy 
and the tax on wage rate increases. The 
greater 5. the greater are both the subsidy 
and the tax. 

In addition, when the WS and NIT are 
compared in terms of the tax on wage rate 
increases, it is evident that the value of b 
may have to be greater than 1—e in order to 
encourage work at the lower end of the 
earnings range.” This is illustrated in Table 1. 


2 Graphicelly, the relation between b and 1—e can be 
shown as folows. On a diagram with / measured along 
the horizontal axis, equation (1) of the WS plan would 
be a straight line beginning at the origin and rising with 
slope w-+-b(xo—w). The NIT plan line would begin at 
height g on tae vertical axis and rise with a lower slope 
of ew. Since ¢=(y0—£)/yo and /towe= yo, the two lines 


™~ 
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In Case 1, b would be greater than 1—e if b 
were greater than .5; in Case 2, this would 
occur if b were greater than .33. In other 
words, an operational WS plan may result 
in a higher tax rate on wage rate Increases 
than wouid be present under a comparable 
NIT plan. 

Whether or not a higher WS wage rate 
tax means a recipient will be less likely under 
WS than NIT to seek a given wage rate in- 
crease depends, of course, not on the in- 
crease in the effective wage rate but on the 
increase in income. If the WS leads to a 
greater equilibrium number of hours worked 
at all wage rates, then the income increase 
resulting from a given wage rate increase 
might still be greater under WS than under 
NIT. The size of the incentive to increase 
wage rates under the two plans, the costs of 
obtaining the increases, anc the difference in 
response under the two plans are obviously 
subjects for empirical investigation. The 
negative income tax experiments currently 
underway will, unfortunately, provide an- 
swers only for the NIT approach. 


would intersect at 
h= [yo(1 — e)]/[w(l — e — b) + bwo] 


where we have replaced g by yo(1—e). It can then be 
shown that for w<wo the intersection will occur at 
h=h only if b= 1—e, Similarly, for w <w the intersec- 
tion will occur at </o only if 6>1—e. Comparisons of 
the two pans at the same number of hours worked are, 
of course, inappropriate, since a major objective of the 
WS is to lead to a greater number of hours worked than 
the NIT. The point of this calculation is only to empha- 
size the fact that if the WS is to lead to significantly 
greater income possibilities than the NIT, it may be 
necessary to levy a greater tax on wage rate increases 
under the WS. | l 
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IV. Conclusions 


These remarks are not intended as an 
argument against the wage subsidy ccncept, 
for the idea has considerable merit. Lather, 
my major thrust is that a complete aporaisal 
of alternative income transfer mechanisms 
must include considerations in addicion to 
those raised by Zeckhauser. To reiterate the 
main points: an operational wage subsidy 
plan requires an income floor and a wage 
rate subsidy which declines as the wage rate 
increases. The existence of a floor may re- 
quire high subsidies of low wage rates in 
order to encourage any work at these levels; 
the negative income tax may thus lead to 
more work by those facing low wage rates 
than would the wage subsidy. High subsidy 
rates at low wage rates, in turn, may result 
in a higher tax rate on wage rate increases 
than would exist under a negative income 
tax plan with the same income floor and 
break-even earnings level. Finally, tne mag- 
nitude of and response to these various in- 
centives are sufficiently unclear as to call 
for extensive empirical investigation. 
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On Terms of Foreign Borrowing 


By Pranas K. BARDHAN* 


The theoretical literature on terms of 
foreign borrowing is rather narrow in the 
range of issues analyzed. Much of the recent 
literature is on an elaboration of the stan- 
dard “optimum tariff” argument to the case 
where services of capital are internationally 
purchased.’ It is now well-known that a bor- 
rowing country, if it is an important bor- 
rower in the international capital market, 
may gain by restricting its international 
borrowing; depending on the relevant elas- 
ticities, one can easily work out the op- 
timum terms (or the interest rate) at which 
borrowing should be done so that the 
monopoly power (strictly, monopsony power 
in the purchase of capital services) in the in- 
ternational capital market is fully utilized. 

For many borrowing countries, particu- 
larly in the underdeveloped world,. the 
relevance of this analysis is, however, 
limited. These countries, taken individually, 
are often small borrowers in the international 
capital market and the task of setting on the 
national level the optimum terms of bor- 
rowing on the basis of their monopsony or 
oligopsony power is not particularly rele- 
vant. But a more significant limitation is 
that the whole analysis is static and ignores 
important time dimensions involved in 
problems of capital borrowing. The present 
paper concentrates on one such dimension. 

The terms of a foreign loan involve not 


merely the interest rate but also a maturity. 


period by which time the loan is to be paid 
back. In the real world a borrowing country 
is often confronted with a choice among al- 
ternative loan packages with varying rates 
of interest and lengths -of maturity period. 
From the point of view of the long-run 


* Professor of economics, Indian Statistical Institute, 
New Delhi. In formulation as well as analysis of the 
problem in this paper, I have benefitted from discus- 
sions with G. Arsenis and V. K. Sastry. All errors are, of 
course, mine alone. 

1 See, for example, Murray Kemp, ch. 13, and refer- 
ences cited there. 
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benefits of the borrowing country, how 
should one choose between a loan with, say, 
5 percent rate of interest and a maturity 
period of 20 years and another loan with a 
higher, say, 7 percent rate of interest but a 
longer maturity period of, say, 30 years? Or, 
to put :t in other words, in the long run is a 
rise in the interest rate on the foreign loan 
by a certain percentage costlier than a given 
shortening of the maturity period? This is an 
important practical problem in loan nego- 
tiations. and the existing theoretical litera- 
ture on foreign borrowing does not throw 
much light on it.? The present paper tries 
to answer the problem in terms of a very 
simple cynamic model. 

I take a Harrod-Domar growth model with 
its drastically simplifying assumptions of a 
constant capital-output ratio and the ratio 
of savings to national income. There is only 
one commodity, and problems of trade with 
incomplete specialization are ignored. The 
foreign loan under consideration is a once- 
for-all addition to the capital stock of the 
country. For simplification again, all capital 
is assumed to last forever, but the foreign 
loan has to be amortized in equal annual 
installments. I also ignore the gestation lag 
betweer: availability of capital and its yield 
of outpuc. 

Natioral income, Y, is given by 
y 


pemen 
pa 


(1) aK + L)— iL (: — =) 
T 

where a is the output-capital ratio, K is the 
domestically owned capital stock, Ł is the 
given amount of foreign loan, T is the ma- 
turity period of the loan, t is time, and 2 is 
the interest rate. The second term on the 
right-hand side of (1) is the drain on national 
income due to interest payments on the 
foreign loan. 


2 The on} two references in the theoretical literature 
where I havz seen a brief mention of the problem are 
Abdu] Quayam, p. 369, and Goran Ohlin, pp. 49-50. 
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Assuming that savings form a constant 
fraction, s, of national income and are in- 
, stantaneously invested, over the loan period 
capital accumulation is given by 
(2) aK - 

dt T 
where the second term on the right-hand 
side of (2) is the annual amortization pay- 
ment. Integrating the differential equation 
(2), with the help of (1), and substituting 
the resulting value of K in Y, we rewrite 


(1) as 
(3) Y(t) = aet + 8 


where a=aK(0)+(L/asT)(a—i){asT —1) 
and B=(L/asT)(a—i) 

If we now represent the index of long-run 
benefits by the total stream of national in- 
come over the length of the loan maturity 
period T, this is given by 


T 
(4) y= J V(t)dt 
G 
Using (3) in (4) and after integration, 
alee? — 1) 
(5) E A 
as 


If we now want to find out the impact of a 
change in the interest rate charged on the 
foreign loan on this index of long-run benefts, 
we take 





ði 7 as? T 
-[(ew? — 1)(1 — asT) — asT| < 0 


This means that a rise in the interest rate will 
reduce the long-run benefits from the loan, 
which is an expected result. 

Similarly, if we want to and out the im- 
pact of a change in the length of the maturity 
period, T, on y; we take 

ðy Lla — i)(e*? — 1 — asT) 
(7) I E a aca ag a 

oT (asTY? 

+ Y(T) 


3 Suppose F(x) = (e*~1)(1—«)—x, then F(0)=0 and 
F’ (x) <0 for x>0; substituting x=asT, we can see how 
equation (6) is negative. 
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+ 





FIGURE Í. INDIFFERENCE CURVES 
BETWEEN INTEREST RATE AND 
MATURITY PERIOD 


Equation (7) is positive if @>1, i.e., if the 
marginal product of capital is higher than 
the rate of interest, the longer the maturity 
period the better. In the opposite case it 
would be better to repay the loan as quickly 
as possible, in fact, it does not pay to borrow 
at all. We shall, therefore, assume a>1, and 
hence (7) is positive. 

From (5) we can now work out a relation- 
ship between T and i for the same y; since 
yi is negative and yr positive, dT/di is posi- 
tive. This means that if the total sum of in- 
come over the loan period is to be main- 
tained, a higher interest rate on the foreign 
loan is to be matched by a longer maturity 
period. Figure 1 shows what may be called - 
the indifference curves between T and 7 for 
different values of y. The more to the left a 
curve on this indifference map is, the higher 
is the level of the present value of national 
income associated with it. Thus, with the 
help of this indifference map one can now 
plot the coordinates of 7 and T for alterna- 
tive loan packages and choose the com- 
bination that happens to be on the highest 
indifference curve. 

One can also work out the value of the 
elasticity of substitution between 7 and T 
along such an indifference curve, as given by 
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dT i —yii | 
(8) e= — — = - 
- di T -© yrT 


From (6) and (7) it is not difficult to show‘ 
that the value of e is less than unity under 
the sufficient condition that the initial 
amortization payments do not exceed sav- 
ings causing decumulation of capital, i.e., 
adK(0)/dt>0, which we assume. This 
‚means that the offer of a loan with a ma- 
turity period 1 percent shorter than that in 
another loan must compensate with a more 
than 1 percent lower interest rate compared 
to the other to be equally attractive for the 
borrowing country. If there is offer of a loan 
with € percent interest rate and 20 years of 
maturity, another loan with 30 years of 
maturity, to be equally attractive from the 
point of view of long-run benefits of the 
borrowing country, may charge more than 
7.5 percent as interest rate. 

Another way of looking at the same result 
is that the proportionate effect of a rise in the 
interest rate on the index of long-run bene- 
fits is less than that of a shortening of the 
maturity period. This seems to be consistent 
with the prevailing feeling in international 
aid negotiations that the recipient countries 
tend to be more sensitive to changes in the 
maturity period of loans than to changes in 
the interest rate. 

One objection to the index of long-run 
benefits we have chosen is that the time 
horizon exactly coincides with the maturity 
period. The general case where the long run 
. exceeds the loan period is quite complicated. 
In one special case, however, all of our 


4 From (6) and (7), 
yr +yi2t= Y(T)T 
L 
as’ T 
Putting the value of Y(T) from (3), this is positive if 
1 (a — i) 
2+asT a ) 
which is satisfied if dK (0)/dt in equation (2) is nonnega- 
tive, i.e., if the initial amortization payment does not 
exceed savings causing decumulation of capital in the 


initial period. This, we may assume to be valid without 
much strain on the realism of the model. 


+ [eT —1—-asT) —isT(e*? —1)] 











K(0) >1( 
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quélitative results above remain unchanged. 
This is the case where we rewrite equation 
(4) es 


E 
D ye f V(t)dt + K(D) 


The inclusion of the terminal capital stock 
in the index of long-run benefits is one way 
of representing the country’s concern for in- 
come and consumption in the post-loan 
period. Since it is easy to check that the 
value of K{T), which we obtain after in- 
tegration in equation (2), is decreasing in 7 
and increasing in T, and since [K;(T) 
+Kr(7) | is positive under the assumptions 
we have made so far, it is quite simple to 
show tnat, as before, y;<0, yr>0, e<1. 

Another point about our index of long-run 
benefits is that it has been measured in terms 
of the simple sum of national income over 
the lenzth of the loan maturity period. Im- 
plicitly we have assumed the social discount 
rate to be zero. What if the social discount 
rate is positive and the index of long-run 
benefits is given py the present value of the 
stream of national income over the loan 
period discounted at a positive constant 
rate p? Equation (4) is now replaced by 


T 
(10) ya f V(t)ertdt 
0 


and əgvation (5) by | 

afer — 1] BIL — et) 

eR ne rt SNE me TERR RC oer + Gee ee ae ee eee 
as — p p 


(1) y= 


If we now want to find out the impact of a 
change in the interest rate charged on the 


6 Equat.on (1i) is derived under the assumption of 
aszép. When as=p, 


B(1 — erT) 
p 


ys ert 
L 
yi = [A — eT)pT — (1 — eT) < 0 
pri 
and 


Lta — t) 


yp = ee (T — 1+ eT) + e PT Y(T) > 0 
DT? 


fora >i 
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foreign loan on the new index of long-run 
benefits, we take 





Lee? 
12 i 7 
(12) y -a 
eT — eT\(1 — asT erT — 1) 
[i Wa) a 
as — p p 


Thus, the earlier result about the effect of a 
change in the interest rate goes through. As 
for the effect of a change in the length of the 
maturity period, 


(13) = eT L(a — i) 
an asT? 
east gon eet pT _.. 1 ; 
[<= a soa] +eTY(T) 
as — p P 


It is easy to show that (13) is positive under 
our assumption of a>i, again confirming 
our earlier result. This means that our 
earlier results about the indifference map in 
Figure 1 remain intact. 

What apout the elasticity of substitution, 
e, betweer. 7 and T? Here, under the follow- 
ing sufficient conditions® our earlier result 


8 From (12) and (13), and after simplification, 





Ler : 
YrT + yt = 5 
asT 
[ae ke et er ast)... eer Ds. sy vn) 
as — p 


It is easy to show that this is positiveif: (a) n (0)/dt) 
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of e< 1 goes through: 


oxe aR which we have assumed 
(a) ae (0) 2 0, before, 


and 
(b) a > ipT 


Condition (b> is restrictive, but in most 
practical cases likely to be satisfied. For ex- 
ample, if the capital-output ratio is 3:1, the 
interest rate is 8 percent and the social dis- 
count rate is 10 percent, even as long a ma- 
turity period as 40 years will satisfy this 
sufficient condition. Under these sufficient 
conditions (a) and (b), the proportionate 
effect of a rise in the interest rate on the 
present value of national income is less than 
that of a shortening of the maturity period. 
Our earlier case p=0 is only a special case 
satisfying condition (b). 
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>0 and (b) pa since from ia and (3), 


Y(T) =— = (0) —— “+ zea = [o + i(t — 1)] 





Recent Exercises in Growth Accounting: 
New Understanding or Dead End? 


By Ricuarp R. NEtson* 


i 


The zrowth accounting literature has been 
enriched recently by several major quantita- 
tive studies and a sophisticated technical 
dialogue.! The obvious high quality of this 
work may lead some economists to think 
that great progress has been made in our 
understanding of economic growth and that 
we are nearly home. I suggest that while re- 
cent research has increased our knowledge, 
studies of this sort have run into sharply 
diminishing returns and soon will arrive at a 
dead end leaving many essential open ques- 
tions. The basic limitations of growth ac- 
counting discussed here are well known to 
many practitioners. One is the fundamental 
arbitrariness of the techniques that have 
been employed to distinguish between move- 
ments a_ong a production function and shifts 
in that function. The second is the possible 
major misspecification involved in implicitly 
treating experienced growth as the sum of 
the contributions made by separate factors. 
These basic limitations have been repressed 
in the recent discussions and it seems im- 
portant to bring them clearly into view 
again. Because of these limitations, growth 
accounting has not really illuminated some 
of the central questions of growth theory 
and growth policy, which I will discuss in 
the concluding section. 


I. The Problem of Competing Explanations 


From its beginnings, growth accounting 
has been concerned with trying to estimate 


* Professor of economics, Yale University. I am in- 
debted to Carlos Diaz Alejandro, Robert Evenson, 
Wiliam Fellner, Yoav Kislev, and Wiliam Nordhaus 
for useful discussion and criticism. None of these neces- 
sarily agrees with all or any of the thrust of this paper. 

1 In particular there is the important study of Zvi 
Griliches ard Dale Jorgenson (1967), discussion of this 
work by Edward Denison, and the attempt at recon- 
ciliation by Griliches and Jorgenson (1970). M. Ishaq 
Nadiri recently has presented a general discussion of 
the growth accounting literature. 


` 


how muca of growth can be explained by 
movements along a production function, and 
how much should be attributed to-advances 
in technological and organizational com- 
petence. However the early studies recog- 
nized quite explicitly the difficulties, perhaps 
even the theoretical impossibility, of distin- 
guishing between alternative explanations of 
observed growth patterns without rather 
strong a Driori assumptions.? Some of the 
recent studies appear to give the impression . 
that cn the basis of rather weak a priori as- 
sumptions there is a theoretically correct 
way of distinguishing movements along a 
preductior. function from shifts in it. It seems 
important, therefore, to review the basic 
problem. 

The diffculty can be seen sharply if one 
assumes the following stylized aggregative 
facis? Output (GNP) has been growing at 


, the same rate as capital and at a faster rate 
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than labor; hence the capital-output. ratio 
has been ccnstant and output per worker and 
the cépital-labor ‘ratio have been rising. 
Factor shares have remained constant; thus 
the raze of return on capital has been con- 
stant and the wage rate has risen. These 
“facts’’ very roughly characterize the U.S. 
growth experience that the accounting exer- 
cises seek to explain. Consider the following 
two competing explanations, both consistent 
with ithe time-series data. One is that the 
underlying production function is Cobb- 
Douglas (of unitary elasticity of substitu- 
tion) and technical change has been neutral 
in the sense of Hicks. The second ts that the 
underlying preduction function has an elas- 
ticity of substitution less than one, and that 
technical change has been labor saving. The 


2See for example the cautious remarks of John 
Kendrick 

3 Robert Solow (1970) makes use of these same styl- 
ized facts. 
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first interpretation is depicted in Figure 1, 
the second in Figure 2. Points (2) and (b) in 
the two figures are identical and the slopes 
of the curves (the marginal productivity of 
capital) at those points also are identical. 
Thus both interpretations are consistent 
with the input, output, and factor price data. 

The two interpretations are different in the 
following “growth accounting” sense. In the 
case of Figure 1, output per worker would 
have grown by Ay if capital per worker had 
grown as it did, but the production function 
had not shifted. Ay represents the increase in 
output per worker not explained by growth 
of the capital-labor ratio and hence due, in 
some sense, to technical change. In Figure 2, 
Az can be attributed to growth of capital per 
worker and A» to technological change in the 
sense above. In the latter interpretation, the 
lower elasticity of substitution means that 
less of productivity growth can be attributed 
to growirg capital intensity, hence more 
must be attributed to improved technology. 
As Peter Diamond, Daniel McFadden, and 
Miguel Rodriguez (among others) have 
pointed cut, since both interpretations are 
equally consistent with the time-series data 
there is no way to choose among them, with- 
out a priori assumptions. 

In fact, the growth acccunting exercises 
have not proceeded by attempting to specify 
a particular “production function” and esti- 
mate its parameters. Rather the strategy is 
somehow to build up an input “index” that 
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FIGURE 2 


ALTERNATIVE INTERPRETATIONS OF 
PRODUCTIVITY GROWTH 


measures the contribution of growth of input 
quantity (disaggregated so that “quality” 
changes can be accounted) to output growth 
without explicit commitment to a particular 
production function. There is a semantic 
problem here. The “input index” really is an 
estimate of output under the assumption of 
constant technology. In any case, this re- 
search methodology does not avoid the prob- 
lem but simply evades it. 
The use of a particular weighting or index 
scheme for input growth is the growth ac- 
countant’s de facto assumption about the 
shape of the production function. A starting 
place for all growth accounting is the as- 


‘ sumption that, if the neoclassical theory 


holds, at any time factor prices equa_ margi- 
nal productivities. Thus it is natural to 
weight factor inputs by their prices. But 
prices when? They are likely to vary over the 
period in question. There seems to be a belief 
that use of the Divisia index is the correct 
answer.’ The Divisia index weights inputs at 
any moment of time by their prices at that 
moment. Ideally in using the Divisia method 
one would estimate the instantaneous growth 
of output due to factor increase by the 
method proposed by Solow (1957). Let 


4 Griliches and Jorgenson seem to claim this. The 
original statement of the correctness of the Divisia 
formula seems to be Marcel Richter’s. 
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dQ*/Q be instantaneous output growth due 
to input growth. 


4) a es dK ee i 
oO Ls K —~, where of course, 
aQ _ a? 
Gg CO 


Integration of the right-hand side of equation 
(1) over the total time period would appear 
to give total output increase due to input 
growth (Ay, of Figures 1 and 2). 


(2) log O*(T) — log Q*(0) = 
dlog L d log k 
f (sty = 0g ee + Se) ERIN at 


I shall argue that appearances are deceiving. 
In practice factor price weights (shares) 
cannot be reestimated continuously but on 
a yearly (or other periodic) basis. If periods 
are short enough there is no real problem 
introduced here. The real problem is that we 
are not concerned with growth over a “year” 
but rather over a rather lengthy period, say 
the haf century since the end of World War 
I. When considering a period of this length 
the fact that the overall period is divided up 
into short periods does not help; a large num- 
ber of subperiods need to be added up over 
the total period. The problem does not go 
away. It is the finiteness of the total com- 
parison period that causes the difficulty. 
The time path of factor prices or shares 
over finite time is what it is because of both 
changes in factor ratios and technological 
change. The Divisia formula fails to distin- 
guish between alternative explanations of 
factor prices. Thus under the interpretation 
of Figure 2 the capital share would have 
fallen but zor the fact that technical change 
was capital using. If one wants to attribute to 
factor growth only what output growth 
would have been had technology been con- 
stant, then one must use in equation (2) not 
actual “shares,” but the time path of shares 
as they would have been had technology not 
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changed.‘ But to do this requires that one be 
able to specify the original production func- 
tion whica was the original impasse. 

The route out of the impasse requires more 
speciication based on other data. For exam- 
ple, cne could attempt to estimate the elas- 
ticity of substitution from engineering design 
data. Or, if one had access to cross-section 
data on outputs and inputs as well as time- 
series data, under certain assumptions one 
mizht be able to sort out the shape of the 
production function from shifts in that func- 
tion. Assumptions about momentum or inde- 
pendence can facilitate discrimination. For 
example, cne could assume that the rate of 
technical change were constant. Then if that 
assumption were correct, and there were con- 
siderable variation over time in the rate of 
growth of the capital-labor ratio, one might 
be able to sort out among competing hypoth- 
eses. F2llner takes such an approach. In any 
case, ir. orcer to do growth accounting in a 
nonarb:trary way, we need knowledge that 
goes beyond the data that are used in the 
growth accounting. 


II. The Meaning of Growth Attribution 


Let us assume that the problem described 
above is solved. Then it would be possible to 
pose tke following question: how much 
growth would we have experienced had only 
technolcegy changed, or only capital, or only 
labor, oz on:v capital and labor, or various 
other ccmbinations of factors. However, it 
is uncertain what meaning one would give to 
the answers. If by attribution to a particular 
factor w2 mean the growth that would have: 
occurred had it alone changed, the relative 
attribution to growth of different factors is 
not independent of the time period in ques- 


š That is the shares need to be written explicitly as a 


function 
K 
Si (= (t), aw) 


Equation (2) needs to be specitied with 


Si (= (t), A (0) 


The Richter spedificetion of equation (2) does not do 
this. 
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tion, even if all factors are changing at a con- 
stant rate. Further, while using this meaning 
of attribution the sum of the attributions 
adds up to total growth for very small time 
periods, they may not add up to total growth 
if finite time periods are considered. These 
points were raised earlier by Herbert Levine 
and Benton Massell but seem to have been 
ignored in the recent discussion. 

Assume that interpretation 1 is known to 
be correct, that the production function is 
Cobb-Douglas and technical advance is neu- 
tral, and that all factors were growing at 
constant rates. Assume that by attribution 
to a factor we mean the amount of output 
growth that would have occurred had that 
factor alone changed. Measure the instan- 
taneous growth rates associated with the 
yearly growth rates of capital and labor. 
Label these Ax and Az. Estimate the instan- 
taneous rate of technical progress by the 
Solow method using the instantaneous rate 
of output growth. Call this \4. In the case of 
infinitesimally small changes the attribution 
of any factor of growth relative to another, 
or relative to total growth, is easily computed 
from these constants. All is nice and neat, 
with attributions to individual factors add- 
ing up to total growth. 

All the neatness goes when finite fae 
periods (say between 0 and T) are considered. 
For capital and technological change the 
attribution ratio is as follows: 


(3) Attribution to Technical Advance 


Attribution to Capizal Growth 
eat — 1 


~ @AKSRT — | 


Relative attributions to diferent factors are 
sensitive to the time pericd i in question. In 


the Cobb-Douglas case’ the percentage of 


total growth explained by growth of any 
particular factor, with the others held con- 
stant, shrinks to zero as the time period in- 
creases. For technical advance, for example: 


Attribution to Technical Advance 
Total Growth 





(4) 


eraT — 1 


eQKSKAALSLANA)T — 1 


= 
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This expression clearly goes to zero as T 
increases. 

At first glance all this seems strange, but 
it is not. The problem is the same one that 
plagued the profession many years ago when 
it was trying to attribute total product 
(rather than growth) between the different 
factors. We learned then that this was im- 
possible. We could attribute at the margin. 
But there was no way of attributing shares 
of the total. 

To see the problem from another perspec- 
tive look again at Figure 1. An measures how 
much output would have grown had tech- 
nology remained constant. It is analogous to 
the numerator of equation (3). Ay is the 
measure of the contribution of technological 
change measured as a residual, but it does 
not measure how much output would have 
grown had capital remained constant. It is 
not analogous to the denominator in equa- 
tion (3). The distance between points (c) and 
(a) measures that. Call this A». This is the 
same as Ay only for very small changes. For 
finite changes, An plus An» do not add up to 
total growth. To get total growth one must 
add an “interaction term.” 

Experienced growth is unlikely to be the 
simple sum of the contributions of separate 
factors. One could take the position that the 
degree of interaction among the factors is 
small, and that the separable contributions 
of the different factors are like the first terms 
of a Taylor’s expansion. This is an arguable 
position but rests on an assumption about 
the nature of the production function and 
about technical change. The approximation - 
might be good, and it might be poor. If the 
time period in question is considerable, 
Taylor series arguments are questionable. 

The recent literature appears to get around 
these problems by posing the question in 
terms of the contribution of average yearly 
growth of capital, or labor, or technical ad- 
vance, to average yearly growth of output. 
However, the contribution of technical 
change to growth, or of expansion of any 
particular factor, during any year is not inde- 
pendent of what happened to the cther fac- 
tors prior to that year. Consider a year to- 
ward the end of the accounting period. The 
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contribution of, say, capital during that year 
is as large as it is because labor and technol- 
ogy had advanced during the prior periods 
as much as they did. The “average period” 
metaphor thus may be extremely misleading. 
And it will be if “interaction” is important. 

In principle the questions are answerable. 
But the answers will require investigations 
that go beyond growth accounting exercises. 


II. What is the Purpose 
of Growth Accounting? 


I take it that the principal purpose of 
growth accounting has been, and still is, the 
estimation of various magnitudes which our 
growth theory suggests are important, test- 
ing various propositions or alternative speci- 
fications of that theory, and illuminating 
better the phenomena that a growth theory 
must explain. Growth accounting is a com- 
plement to more traditional (regression) 
techniques of estimating and testing growth 
theory. In fact growth accounting has 
greatly and fruitfully influenced the evolu- 
tion of our understanding of economic 
growth. But some of the recent studies seem 
to imply that somehow the growth accounts 
really explain growth. I do not see how they 
can. A growth accounting is not a tested 
theory of growth. 

What do I mean by a tested theory? If we 
had one, what would it do for us? In the first 
place we would expect the theory to give an 
explanation, an account (if not an account- 

ing) of past growth. This immediately poses 
the question—an account of what phenom- 
ena? What needs to be explained? Certainly 
the aggregative time-series data (at an econ- 
omy or sector level) on output, input, and 
prices. Nations and industries have grown at 
varying rates over time. Different countries 
and industries have grown at different rates. 
An explanation is called for. 

What do we mean by an explanation? 
Obviously an explanation implies ability of 
the theory to replicate reasonably closely the 
phenomena to be explained, given estimable 
parameter values. However this is not all we 
require of a theory. There generally are many 
alternative explanations that fit past finite 
data reasonably well. Economists want a 
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theory which will predict as well as explain. 
Anc we set premium on the ability of a the- 
ory to guide policy. Thus I assume that an 
acceptable “explanation? does not leave 
unéenswered questions like the two probed in 
the preceding sections because they imply 
different things about the future. Prescrip- 
ticn s well as prediction hinges on which of 
these specifications is correct. 

In economics, as in all sciences, acceptable 
exp:anations must take on certain kinds of 
analytic forms. Most cf growth accounting is 
mctivated by an underlying neoclasical the- 
ory of economic growth. Solow (1970) has 
recently provided a survey of the grab bag of 
models generally included under this label. 
Without prejudice regarding the basic ques- 
tion or whether this is the most useful kind 
of a growth theory, it is important to note 
that neoclassical theory itself does not an- 
swer tie above questions. Within the spirit 
of the cheory, there are alternative specifica- 
tions that answer the questions above in dif- 
ferent ways. The questions thus are empirical 
ones, within the theory. 

However, the spirit of growth accounting 
loads the die. Growth accounting makes 
“most sense” in a model that assumes that 
considerable sustained output growth is pos- 
sible from factor growth, and that factor 
complementarity is not particularly impor- 
tant. Tne implicit theory is that output is a 
function of technology, effective capital, and 
effective labor. The elasticities of substitu- 
tion among capital of different qualities, and 
among -abor of different qualities, are as- 
sumed to be infinite or at least very high.® 
The elasticity of substitution between effec- 
tive capital and effective labor implicitly is 
assumed to be relatively high, and certainly 
not close to zero. There is considerable am- 
biguity regarding the connection between 
technica. advance and capital and labor 
quality. Basically, however, growth account- 
ing as practiced makes sense only if it is as- 
sumed that the generation and incorporation 
of new technology requires only modest 
amounts cf new capital and is not particu- 

t This is so for models that aggregate capital and 


which “qua ity adjust” labor. Not all of the neoclassical 
models are bf this kind. 
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Jarly associated with labor of a particular 
kind or quality.’ 

Under these specifications growth of out- 
put per worker can continue so long as the 
capital-labor ratio grows. While for sus- 
tained growth the critical value of the elas- 
ticity of substitution is unity, for periods of 
as long as a quarter century little decelera- 
tion of growth'of output per worker would 
be experienced at the rates of factor growth 
we have experienced, even for an elasticity 
of substitution as low as one half. Similarly 
the growth accounting interaction term 
would not be particularly important over 
such a time period. Postwar growth of out- 
put could be explained quite well as the 
sum of the separate contributions of im- 
proved technology, and increases in effective 
capital and labor. 


However, consider the following alterna- 


tive model which is at almost an opposite 
extreme regarding the two questions. Solow, 
Tobin, von Weizsacker, and Yaari have 
proposed a model in which any productive 
increase in the capital intensity of pro- 
duction requires new technology. If tech- 
nological advance stopped today, output per 
worker would grow for a while as firms that 
had been working with older capital shifted 
over to new and more productive machines. 
But once they had done tkis, growth of out- 
put per worker would cease. In this model 
new technology is needed in order to permit 
productive increase in capital intensity but 
new technology cannot get into practice 
without new capital. Let me add to this 
structure the following. The production and 
installation of new technclogy requires edu- 
cated workers; further, in the absence of 
technological advance educated workers 
would be doing nothing different than un- 
educated workers and would not be more 
productive. 

In this model it is natural to think of 
technological advance as the binding con- 
straint on the system; certainly sustained 
growth would be impossible without tech- 
nical advance. Traditional growth account- 
ing would be nonsense, because of the 


? For a similar discussion, see Fellner. 





strong complementarity among techndlogical 
change, capital growth, and education. To 
estimate the contribution of technicak:change- 
by subtracting an estimated contribution of 
increases in capital and education clearly 
would be absurd. 

The differences between the models in- 
volve not only interpretation of past experi- 
ence, but prescription of how to improve 
future performance. In the first model it is 
natural to think of a number of different, and 
roughly separable, factors that might in- 
crease the growth rate. Choice among say 
more research and development, education, 
and more physical investment can be made 
on the basis of rate of return, or cost benefit 
calculations. While in the long run the com- 
plementarity among the factors means that 
the rate of return on one is not independent 
of the level of the others, for shorter run cal- 
culations this can be ignored. The second 
model forces policy thinking in terms of com- 
plementary packages. Thus a policy in sup- 
port of R&D is thought of as needing sup- 
port by a policy of training scientists, and as 
being made effective through policies to 
facilitate physical investment. An interesting 
example of a policy which, to be successful, 
required a rather complex package is the so- 
called green revolution, as described by 
Yujiro Havami and Vernon Ruttan. 

To repeat the argument of the earlier 
sections, we cannot confidently distinguish 
between these two opposite extremes on the 
basis of growth accounting exercises and 
time-series data alone. If we limit ourself to 
neoclassical formulations, the right model 
probably is somewhere in between the two 
cases discussed above, but for many sectors 
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may be closer to the second model than the © 


frst. We economists tend to be far too facile 
with our chalk (or equations) in drawing 
isoquants into regions of factor proportions 
that never have been experienced. I would 
bet that in the absence of considsrable re- 
search and development reconnaissance of 
the terrain, firms venturing into technologies 
with significantly higher capital-labor ratios 
than actually have been experienced will 
tend initially to make mistakes, and will 


experience a considerable amount of learning ` 


t 
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costs before achieving significant gains in 
output per worker. Either research and de- 
velopment (learning before doing) or learn- 
ing by doing (certainly also a form of R&D) 
_ is required to make the isoquant more elastic 
beyond the experienced range. Similarly I 
believe that economists have been much too 
mechanical in their treatment of the returns 
to education. It seems a safe bet that a large 
share of the returns to higher education are 
tied up with the processes of technical ad- 
-vance and the chain of economic adjustments 
thereby set in train.® 

These are conjectures. We must learn if 
they are correct, and it is possible to test 
them. However it strikes me that “growth 
accounting” is a low marginal returns 
strategy. 


8 Fellner and Moses Abramowitz and Paul David 
make similar points. And Hayami and Ruttan make 
them in their concept of “meta” production function, 
and their stress on the role of education in innovation 
and diffusicn. Finis Welch discusses these points re- 
garding education, and provides some interesting evi- 
dence that education pays off when technology is 
changing. 
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Faculty Salaries, Promotions, and Productivity 
at a Large University 


By Davin A. Katz* 


Recently, there has been considerable 
concern regarding the problems associated 
with evaluating and rewarding university 
professors. While these problems have al- 
ways existed, they have been compounded 
by the recent economic recession and the 
growth of political activism which transcends 
the traditional line between student and 
teacher. 

A recent AAUP report in June 1971 for 
example cited the “. .. notable increase in 
faculty salary grievances, particularly in the 
form of assertions that a particular salary has 
been determined upon either for reason vio- 
lative of academic freedom or on the basis of 
improper or inadequate evaluation” (p. 187). 
The report went on to recommend the de- 
velopment of clearly specified and under- 
stood criteria for evaluating professors 
which would hopefully reduce the num- 
ber of grievances. 

Unfortunately, little is known about the 
process of evaluating and rewarding univer- 
sity professors. One possible reason may be 
the difficulty of obtaining good data on pro- 
fessors. Secondly, the analysis of such data 
requires a thorough knowledge of the insti- 
tutional processes of wage determination. 


* Assistant professor, department of economics, Uni- 
versity of Missouri at Rolla. The research was part of a 
Ph.D. dissertation in economics, University of Illinois, 
1971. I would like to thank the following people: My 
wife, Debbi, for her considerable help with the tedious 
task of collecting and coding the massive amount of 
data; my dissertation advisor, Paul T. Hartman of the 
University of Illinois, M. Eugene Mover of the depart- 
ment of Health, Education, and Welfare who helped me 
considerably in the early stages of the study; John Ter- 
williger and his assistant Walt Tousey, of the University 
of Illincis office of administrative studies; David De- 
Vries, now of the Johns Hopkins Center for Study of 
Social Organization of Schools for allowing me to use 
the journal ratings constructed by him and Fred E. 
Fiedler; David Brown, Miami University Provost, for 
providing the undergraduate school rankings; also, an 
anonymous referee for his valuable suggestions. 
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Frequently, it is difficult or impossible to 
obtain this data and knowledge. 

Fortunately, it was possible to obtain the 
necessary data from a large highly ranked 
public university for an intensive study of 
the determinants of faculty salaries and pro- 
motions, While it would have been desirable 
to conduct a multi-university study, this was 
not possible given the limited time and funds. 
However, because of the techniques em- 
ployed in this study, it is expected that the 
methods can be applied at other large col- 
leges and universities. 


I, Methodology 


This section presents the methodology 
which was used to analyze the factors impor- 
tant in salary and promotion decision mak- 
ing at the university level. The primary pur- 
pose was to develop a more rational means 
of evaluating and rewarding university 
professors. 

Personal interviews with the chairmen or 
heads of nine of the eleven departmenis in 
this study (one chairman refused to be inter-, 
viewed and the other was never available) 
were conducted to gain a better understand- 
ing of the salary and promotion processes. 
Once budget allocations are made to individ- 
ual departments, the department chairman 
sometimes in consultation with his faculty 
executive committee determines the salaries 
to be received by individual faculty mem- 
bers. Although final decisions regarding 
salaries are almost always made at depart- 
ment levels after receiving their budget allo- 
cations, department promotional decisions 
are subject to much greater scrutiny by 
higher administrative echelons, especially 
the college and all-university committees on 
promotions. 

Only two of the departments had written 
policy statements regarding salaries and 
promotions, available to faculty members 
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upon request. It will probably surprise no 
one that the salary and promotion processes 
within departments are usually cloaked in 
secrecy. 

Very friendly and willing to help, the 
chairmen and heads explained what criteria 
they used to judge individuals, but seldom 
could they provide the relative weights as- 
signed to these criteria. Frequently, they 
either began or ended by quoting the faculty 
handbook, supposedly a good source of 
knowledge regarding salary and promotion 
policies. ‘‘Teaching, research, and public 
service to the university” were the repeated 
replies of the chairmen and heads. 

After pressing the department adminis- 
trators on their techniques of evaluating 
teaching, they usually admitted they knew 
little about the teaching abilities of profes- 
sors in their departments, although they 
thought they knew who were the “good” and 
“bad”? teachers. Without any basis upon 
which to judge teaching performance, other 
factors more easily measurable must account 
for raises in rank and pay. An alternative 
hypothesis later torbe rejected is that salary 
and promotion decisions were completely 
arbitrary, with personality and politics 
playing the major roles. 

It became clear that research ability, 
publication record, and national reputation 
were the most important factors influencing 
salary and promotion decisions. The depart- 
ment chairmen and heads agreed they could 
easily evaluate research ability by examining 
the qua‘ity of journals (usually refereed) in 
which articles appeared and by reading book 
reviews. Since department chairmen are 
seldom experts In every field within their 
Gisciplines, this approach is probably better 
than attempting to judge the merits of re- 
search and publication themselves. Espe- 
cially in large departments, the task of read- 
ing and judging everything published would 
be impossible. Therefore, the quality of an 
article or book can more easily be ascertained 
by noting whether or not the article was 
rated good by experts (as in the usually high 
quality refereed journals) or if the book 
received good reviews. 

Public service (for example, a public lec- 
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ture cr the editing of a journal), administra- 
tive and committee work were the other 
factors to which department administrators 
said they gave weight. A current file is kept 
on all >rofessors containing detailed informa- 


‘tion cn publications, teaching and public 


service activities, administrative assignments 
and committee work. It is regularly con- 
sulted by department administrators when 
making salary and promotion decisions. 

In the next phase of the study, data from 
university records were collected which 
would measure the most important salary 
and promotion factors. These records con- 
tain information on department, years be- 
tween promotions, date of first appointment, 
date of birth, degrees and years received, 
where degrees were received, publications, 
dissertations supervised, student evaluations 
of teaching ability, and hours spent per week 
on committees, public service, administra- 
tion, teaching, and research. Also, sex, ad- 
ministrative title if any, appointment type 
(9- or 11-month), percent appointment time, 
and current salary are included. 

As publication records were recorded for 
each professor, an article which appeared in 
one of the zop journals in any particular 
disciplinz was also noted. Recently, David L. 
DeVries and Fred E. Fiedler developed fairly 
reliable indices of journal quality in several 
disciplines. Indices existed for nine of eleven 
departments in this study and the other two 
were obtained using methods similar to the 
DeVries and Fiedler study. 

All professors at assistant professor and 
above in eleven departments were selected 
for study (596 in total—1969-70 academic 
year). Tkese departments represent a good 
cross-section of the major disciplines taught 
at almost all large colleges and universities— 
economics, elzctrical engineering, English, 
French, h:story, mathematics, physics, polit- 
ical science, psychology, sociology, and zool- 


ogy. 


II, The Salary Model 


The dependent variable is 


S=1959-70 academic year salary corrected 
to a 130 percent departmental basis. 





i 
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The indedendent variables are listed below 
along with some theoretical justification for 
inclusion when necessary: 


B=number of books published either au- 
thored or edited, lifetime. 

A=number of articles published, lifetime. 

E= number of articles publisaed in the very 
best journals in a particular discipline 
(“excellent” articles). 

T=a dummy indicating whether or not a 
professor is ranked in the top 50 percent 
of all instructors by vote of students. 

F = number of dissertations supervised since 
1964, a measure of research and gradu- 
ate teaching ability. Lifetime disserta- 
tions were not available. 

P=number of hours devoted per week to 
public service activities in 1970. 

C=number of hours devoted per week to 
committee assignments in 1970. 

Y=number of years since highest degree, a 
measure of experience. __ 

D,=a dummy indicating whether or not a 
professor is a social scientist (econom- 
ics, political science, or sociology). 

D,=a dummy indicating whether or not a 
professor is a physical or laboratory 
scientist (electrical engineering, math- 
ematics, physics, psychology, or zool- 
ogy). 

D;=a dummy indicating whether or not a 
professor is in the humanities (French 
or history). 

D,s=a dummy indicating whether or not a 
professor is in the English department. 
D, ta D, were included to measure pos- 

-~ sible differences in market supply and 
demand for the various major ‘disci- 
plines. D, and D4 were not combined 
because of considerab‘e salary differ- 
ences found in previous regression runs. 

U,=a dummy indicating whether or not a 
professor received his undergraduate 
degree from schools containing the top 
10 percent of all faculty in the country. 

U,=a dummy indicating whether or not a 
professor received his undergraduate 
degree from schools containing the next 
70 percent of all faculty. 

U,;=a dummy indicating whether or not a 
professor received his undergraduate 
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degree from schools containing the bot- 
tom 20 percent of all faculty. 

U,=a dummy indicating whether or not a 
professor received his undergraduate de- 

. gree from a foreign school or one that 
was not ranked. 

G=a dummv indicating whether or not a 
professor received his highest graduate 
degree from the bottom groups of grad- 
uate school departments. U, through G 
were included to measure quality of 
education. 

M=a dummy indicating whether or not a 
professor had an administrative assign- 
ment. 

A =a dummy indicating whether or not a 
professor was a female. This was in- 
cluded to measure the extent of dis- 
crimination, if any. . 

N=a dummy indicating whether or not a 
professor was on an 11-month appoint- 
ment. . 

R=a dummy indicating whether or not a 
professor possessed the Ph.D. 


The results of this regression are reported 
in Table 1. Most variables are significant at 
the 1 percent level and almost all the re- 
maining ones at the 5 percent level. While 
this regression was capable of explaining 68 
percent of the total variation in current 
salary, the standard error was rather large— 
$2946. 

The following major conclusions can be 
made regarding salary determination. 1) 
Teaching ability as measured by student 
evaluations is inconsequential in the reward 
system, while publications are paramount. 
2) Teaching and research ability at the 
Ph.D. level, as measured. by dissertations 
supervised, is a most important determinant 
of salaries. 3) Although public service and 
committee work are rewarded, the returns 
are not spectacular. 4) The returns to a grad- 
uate education are significantly higher if the 
degree is received from one of the top grad- 
uate school departments. 5) Similarly, it 
pays not to graduate from one of the bottom 
ranked undergraduate schools. 6) Social 
science professors are paid significantly more 
than those in the humanities, and slightly 
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TABLE 1— DEPENDENT VARIABLE IS 1969-70 ACADEMIC YEAR SALARY 


Standard 





B (Standard 
Variable (Name) Error) E Mean Deviation 
Books (B) 230 (86) (Pe aaa 1.05 2.15 
Articles (A) 18 (8) a hi 15.36 25.20 
Excellent Articles (£) 102 (28) - 13,43"** 248 6.07 
Dissertations (F) 489 (60) 66.85*** 1.33 2.81 
Public Service (P) 89 (38) 5.65** 1.76 3,85 
Committees (C) 156 (49) 10.02*** 2.90 3.09 
Experience (Y) 189 (17) 26. 92*** 13.13 10.32 
Teaching Rating (7) 53 (370) 0.01 0.56 0,50 
Physical and Laboratory Scientist (D) — 791 (435) g1? 0.59 0.49 
Humanities (D3) —1181 (594) 3.95** 0.10 0.30 
English Professors (D,)> — 2293 (529) 18.75*** 0.17 0.38 
Groups 2, 3, 4, 5 of Undergraduate Schools (U2)* —474 (364) 1,69 0.57 0.49 
Group 6 (U;)¢ —2025 (794) 6.50" 0.04 0.19 
Foreign and Other (U,)¢ 27 (478) 0.00 0.17 0.38 
Groups 2, 3, 4 of Graduate Schools (G)4 —875 (306) n C a 0.60 0.49 
_ Administrators (4f)¢ 2557 (641) 15.89*** 0.05 0.23 
Female (X)! — 2410 (528) 20.80"** 0.08 0.27 
11-Month Appointment (4) 1184 (505) 5.50** 0.09 0.28 
Ph.D. Degree (R)* 1919 (607) 10.01*** 0.93 0.25 


Constant: 11,155 

Multiple R= .82 (R?= .68) 

F = 50.05*** Standard Error = 2946 

Mean of Dependent Variable = 15,679 

Standard Deviation of Dependent Variable = 5093 





* Significant at 10 percent level. 
** Significant at 5 percent level. 
*** Significant at 1 percent level. 


a Reference group is bottom 50 percent of teachers by vote of stucents. 


b Reference group is Social Sciences. 


° Reference group is top group of undergraduate school rankings. 
å Reference group is top group of graduate school rankings. 
e Reference group is those without administrative assignment. 


f Reference group is male sex. 
€ Reference group is 9-month appointment type. 
» Reference group is professor without Ph.D. 


more than those in the physical and labora- 
tory sciences. 7) Finally, the empirical re- 
sults tended to strongly support the hypoth- 
esis of sex discrimination—women were paid 
$2410 less in 1969 than men. Each of these 
conclusions will be discussed more fully 
below. 

Of all variables included in this regression, 
student evaluations of teachers were the 
least predictive of salary. While the depart- 
ment chairmen and heads interviewed indi- 
cated they rewarded teaching ability, stu- 
dent evaluations were probably not a source 
of knowledge regarding teaching perfor- 
mance. This conclusion is supported by the 


fact tnat most of the department chairmen 
interviewed had great mistrust of student 
ratings 

In contrast, the publication of a book, 
article, or excellent article during a profes- 
sor’s lifetime was worth an extra $230, $18, 
and $1(2, respectively, in 1969. In a previous 
regression run, reviews were found to be 
totally worthless. There were not enough 
observations on other types of publications 
to test their significance. The publication 
regression coefficients represent the salary 
differentials in 1969 as a result of past publi- 
cation. Consequently, the actual value of an 
article or book is measured by discounted 
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lifetime value which is a function of age. 
‘Another related problem in the interpreta- 
tion of the regression coefficients is the possi- 
bility of nonlinearity. For example, two 
books or articles may not be equal to twice 
the value of one. Because of this problem, the 
linear regression was found to poorly esti- 


‘mate two of the three publication variables— 


books and articles, but not excellent articles. 
Nonlinearity was not found to be a serious 
problem in estimates of the other variable 
coefficients. 

Table 2 presents the average remuneration 
for various levels of publishing after holding 
constant all other variables. Diminishing 
marginal returns to publishing are quite evi- 
dent in this table. For example, a professor 
who published one book received $451 more 
in 1969 than those who had not published 
any books. However, a professor who pub- 
lished more than two books received an addi- 
tional $370 per book. Similarly, a professor 
who published nine to twenty articles re- 
ceived an additional $89 per article in com- 
parison to the under-nine article group which 
received an additional $111 per article. 


TABLE 2—AVERAGE RETURNS TO PUBLISHERS 


1-2 Books $451 /book 
>2 Books $370/book 
<9 Articles $lil/article 


9-20 Articles 
21-38 Articles 
>38 Articles 


$ 89/article 
$ 74/article 
$ 57/article 


In addition to publication record, number 
of dissertations supervised (since 1964 only) 
was included as a measure of graduate teach- 
ing and research ability and national reputa- 
tion. Since a dissertation is original research, 
the supervising of a dissertation requires the 
same ability which research and publication 
requires. As proof of this, number of disser- 
tations supervised was highly predictive of 
current salary (coefficient = $489). 

Each additional hour per week of public 
service or committee work was worth an ad- 
ditional $89 and $156, respectively, in 1969. 
Assuming a 32-week academic year, this 
represents a payment of only $2.78/hour 





$ 
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- for public service and $4.88/hour for com- 


mittee work. 

The graduate school rankings were based 
on a survey by Allan Cartter of department 
chairmen and senior and junior professors 
nominated by deans of 106 graduate schools. 
The quality of graduate faculties and the 
effectiveness of doctoral programs were rated 


‘by these chairmen and professors. This study 


used the rated effectiveness of the doctoral 
program which is grouped into four classes: 
1) extremely attractive; 2) attractive; 3) 
acceptable plus; and 4) not attractive. Be- 
cause no significant salary differences were 
found among groups 2-4, they were com- 
bined and compared to the top group, ex- 
tremely attractive. A salary differential of 
$875 was found to exist in favor of the top 
group. 

The undergraduate school rankings were 
based on a study by David Brown (1965) 
which rated 1,121 4-year American colleges 
and universities. Table 3 presents the group- 
ings of these 1,121 schools. For example, the 
top 28 schools have 10 percent of the total 
fulltime faculty but represent only 3.2 per- 
cent of the total 1,121 schools, while the 


~ bottom 428 schools have only 20 percent of 


the total faculty but represent 38.2 percent 
of the 1,121 colleges or universities. Size and 
quality are therefore strongly correlated in 
Brown’s study. 


TABLE 3— UNDERGRADUATE SCHOOL GROUPINGS 


I I SH YA a ae rtm 


Number of Percent of All Percent of All 


Schooisin Faculty in Schools in 

Group Group Group Group 

Í 28 10 (top 10) 2.4 

2 47 10 (next 10) 4.2 

3 134 20 (20-40) 12.1 

4 201 20 (40-60) 17.9 

5 283 20 (60-80) 25.2 

6 428 20 (80-100) 38.2 


The 596 professors in this study received 
their undergraduate educations mostly from 
the top groups of schools: Group 1, 21 per- 
cent; Group 2, 12 percent; Group 3, 23 per- 
cent; Group 4, 13 percent; Group 5, 8 per- 
cent; Group 6, 4 percent; foreign and other, 
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16 percent, and missing, 3 percent. The only 
undergraduate variable which was significant 
in explaining current salary was Group 6. 
Apparently, an education at the bottom 428 
schools in the country was worth $2025 less 
than Group 1. 

In the early 1960’s, a time of excess de- 
mand for all disciplines, Brown (1967) 
ranked 23 disciplines in order of their relative 
market demands. On a scale of most to least 
in demand the departments in this study 
were ranked as follows: electrical engineering 
(1), mathematics (4), physics (5), economics 
(6), psychology (10), sociology (11), political 
science 14), zoology (20), English (21), his- 
tory (22), and French (23). 

Department was therefore included -to 
account for possible differences in market 
supply and demand for the various disci- 
plines. Social science professors were the 
best paid after holding constant all other 
important variables. They earned $791, 
$1181, and $2293 more than physical-labora- 
tory scientists, humanities (French and his- 
tory), and English professors, respectively. 
In the Brown study cited above, English, 
French, and history were the disciplines least 
in demand. 

The mean 1969 salary for male professors 
in this study was $16,078, while only $11,233 
for women (there were 49 women in the 
study). After holding constant all other vari- 
ables, women made $2410 less than men. 
Therefore, $2410 is a measure of the extent 
of sex discrimination and $2435 ($16,078— 
$11,235— $2410) is a measure of the salary 
differer:tial due to other factors, for example, 
productivity and experience. 

An index was constructed to compare the 
publication records of men and women. This 
same index was used to compare the publica- 
tion records of the three ranks (see Table 4). 
In forming the index the significant publica- 
tion coefficients (books, articles, and excel- 
lent articles) were multiplied by the number 
of books, articles and excellent articles for 
each professor. For example, a professor with 
one book, ten articles and two excellent 
articles has a “Productivity Index” value of 
614 = (230x1)-+ (18x10) + (102x2). 

The meen Productivity Index value for 
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men was 846 while only 261 for women (dif- 
ference significant at 1 percent level). This 
was the clearest indication of the lower pro- 
ductivity of women. Although the following 
ditferences were not Significant, the mean 
experience for men in the sample was 13.3 
years versus 11.7 years for women; 94 per- 
cent of the men had Ph.D.’s versus 88 per- 
cent of the women. Men and women had 
about the same teaching effectiveness rat- 
ings. 

No significant difference appeared to exist 
betwe2n men and women regarding quality 
of uncergraduate school. In contrast, a sig- 
nificartly higher percentage of women earned 
their Lizghest degrees from the lower quality: 
graduete school departments: Top Group 
(39 percent of the men, 22 percent of the 
womer.); Second Group (25 percent of the 
men, 33 percent of the women); Third group 
(17 percent of the men, 16 percent of the 
women); Fourth Group (14 percent of the 
men, 25 percent of the women), and missing 
(5 percent of the men, 4 percent of the 
women). 

Whils women devoted fewer hours to 
public service and administration, these dif- 
ferences were not significant: public service 
hours per week (men—1.80 hour's, women— 
1.20 hours), administrative hours per week 
(men—3.83 hours, women—3.46 hours). 
However, women spent significantly fewer 
hours on committees (men—3.02 hours, 
women—-1.46 hours). 


III. Faculty Promotions and Productivity 


To test the extent to which clear standards 
were ap2-ied to promotion decisions, those 
professors who had received promotions from 
assistant to associate (249 out of 596 pro- 
fessors) and associate to full professor (183 
out of 595 professors) were selected for study. 
Publication data up to the times of promo- 
tions anc the total number of years between 
promoticns were available for both groups. 
Unforturately, public service and committee 
data and ~eaching ratings were recent, and 
therefore did not accurately measure the 
extent of involvement in service or commit- 
tee activities or teaching quality at the times 
of promotion. If one assumes these do not 
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TABLE 4——Propuctivity INDEX BREAKDOWN BY RANK? 


VOL. 63 NO. 3 
0.0 1-100 
Assistant Professors 22.4 27.1 
Associate Professors 6.4 20.5 
Full Professors 1.6 8.2 


a Shown in percent. 


change considerably over time as was done 
with respect to the salary study, then recent 
values for service, committees, and teaching 
can serve as proxies for past performance. 

In Table 4 the Productivity Index values 
of professors at the times of promotion to 
associate and full professors are presented 
and compared to the records of assistant 
professors. The index was constructed by 
multiplying the number of books, articles 
and excellent articles at the times of promo- 
tion (except, of course for assistant profes- 
sors) by their coefficients in Table 1. The 
modal value was 101-300 for associate pro- 
fessors; the highest percentage of professors 
(27.4 percent) was promoted to associate 
professor after attaining an index value of 
101~300, The mean index value was 427 for 
associate professors and 840 for full profes- 
sors at the times of promotion in comparison 
to only 227 for assistant professors (differ- 
ences significant at 1 percent level). 

The fact that the mean Productivity Index 
values were significantly different among the 
three ranks supports the conclusion that 
certain minimal standards for promotion 
have been practiced. While minimal stan- 
dards seem to exist, the attainment of this 
minimum publication record did not guaran- 
tee promotion as was indicated by the large 
number of assistant professors with index 
values in the 101-300 range (30.3 percent). 
The mean experience for these assistant pro- 
fessors was only 5 years which suggested that 
many of them did receive promotions in 1970 
given the 6-year tenure rule. (Promotion 
data is for 1969 in this study.) Therefore, ex- 
cept in unusual circumstances such as ex- 
tremely high productivity, professors have 
to wait a certain minimum time before being 
promoted. This conclusion was supported by 
the fact that only 21 percent of assistant 


101-300 301-600 601-1000 1001+ 
30.3 15.1 3:0 2.0 
27.4 22.0 17.2 6.4 | 
15.3 17.5 24.6 32.8 


professors were promoted to associate pro- 
fessors in less than 3 years. The modal value 
was 3 years, the median 4.8 years, and the 
mean 5.8 years. Similarly for promotion to 
full professor, only 17 percent of the associate 
professors were promoted in less than 3 
years; the modal value was 4 years, the 
median 4.1 years and the mean 4.7 years. 

Table 5 compares the rate of productivity 
publications of associate and full professors 
before and after promotion. Professors re- 
celving promotions within the last 3 years 
were excluded because of the possible lag 
between research and publication. Rate of 
productivity was calculated by dividing a 
professor’s productivity index by years re- 
quired to achieve this record. 


TABLE 5--RATE OF PRODUCTIVITY COMPARISONS 


Rate before promotion to associate professor = 98 
Rate after promotion to associate professor = 7§ 
Total Cases = 184 
Difference significant at 5 percent level 


Rate before promotion to full professor = 79 
Rate after promotion to full professor == 99 
Total Cases = 138 
Difference significant at 1 percent level 


Productivity declined by about one article 
per year after promotion to associate pro- 
fessor (difference significant at 5 percent 
level). However, productivity increased by 
about the same amount after promotion to 
full professor (difference significant at 1 per- 
cent level). In general, a professor takes a 
short breather once tenure is granted, but 
then starts working at his original pace upon 
attaining the highest rank. Therefore, tenure 
does not appear to greatly affect lifelong 
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productivity as measured by publication 
record, 

Teaching ratings did not differ signifi- 
cantly among the ranks. Mean teaching 
ratings for the three ranks were assistant 
professer: 5.37; associate professor: 5.42; and 
full professor: 5.41. 

In contrast, public service and committee 
hours differed significantly among the three 
ranks, The mean hours per week devoted to 
public service and committees, respectively, 
were assistant professor (.92, 1.99), associate 
professor (1.50, 2.88), and full professor 
(2.45, 3.51). Therefore, either public service 
and committees are important variables in 
explaining rank or some of the perquisites 
of rank for example are opportunities to 
lecture to the public, edit a journal, or serve 
on committees. 

The number of hours devoted per week 
(self-reported) to preparation for teaching 
did not have any significant effect on a pro- 


fessor’s teaching rating. Similarly, the num- - 
ber of hours devoted per week to research 


had no significant effect on publication rec- 
ord. Professors reported they spent from 
0-42 hours in preparation for teaching and 
0-70 hours in research. The mean number of 
hours reported in preparation for teaching 
was 15 hours, and 19 hours for research. 

One of the surprising results of this study 
was the significant decline in teaching ratings 
(these are published and distributed to all 
interested persons) from 1969-70 for those 
professors with ratings for both years (167 
professors}. The mean rating for this group 
was 6.2 in 1969, while only 4.9 in 1970. This 
may. have been a result of changes in the 
percentile norms from 1969-70. Alterna- 
tively, professors may react adversely to 
published criticism by students. 


IV. Recommendations 


In general, university administrators make 
decisions regarding salaries and promotions 
in an intuitive manner with seldom any clear 
understanding of the weights they are at- 
taching to various criteria. Consequently, 
faculty members may have only vague ideas 
as to how their salaries and promotions are 
determired. A symptom of the chaotic pro- 
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cess is the almost total lack of written de- | 
partmentel policy statements on salaries and 
promotions. The high standard error of the 
salary model is further proof of the capri- 
ciousress of the reward system. 

At present the distribution of rewards 
among prcfessors in the various departments 
is arbitrary with no one factor necessarily 
receiving the most weight. One department 
may give 2xtraordinary rewards for experi- 
ence, for example, whi-e another for number 
of articles published or committee work. 
Such an uneven distribution of rewards ap- 
pears to be inequitable. One possible solution 
might be for the university to establish un- 
ambiguous guidelines for departments and 
colleges which would hopefully result in less 
arbitrary decisions and fewer grievances. 

This study has demonstrated the feasibil- 
ity of quantifying many of the important 
determ:nanzs of faculty salaries and promo- 
tions. If university administrators should 
decide to irstitute policy guidelines for de- 
partments and colleges to follow, it could 
serve as a pattern for decision making. 

However, some problems still remain 
before university administrators could adopt 
this study for use in improving the salary and 
promotion processes. The foremost of tHese 
is the nzed zo define the role of teaching in 
the rewerd system. Manv administrators and 
professors feel that the teaching of under- 
graduates is a minor function at a large uni- 
versity whica by its very nature is research 
and prestige oriented. This view is opposed 
by a considerable portion of students, ad- 
ministrators, and professors who see the pri- 
mary role of the university in terms of qual- 
ity teaching. Since the university in this 
study is state supported, the final decision in 
this dispute may rest with the legislative and 
executive branches, unless university admin- 
istrators are eble to resolve the problem. 

If university administrators should decide 
to institute a teaching rating system of pro- 
fessors, they should be aware of the major 
problems, especially the great mistrust of 
student evaluations expressed by so many 
of the department chairmen and heads. To 
increase the credibility of teacher evalua- 
tions, one possibility might be to poll the 
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opinions of senior and graduate students 
only, since presumably they have better 
knowledge of their particular disciplines than 
underclassmen. While some have suggested 
that administrators and colleagues of profes- 
sors visit classes and seminars to rate faculty 
members, the results may be worse than 
senior ar.d graduate student input because 
the level of tension in having administrators 
and colleagues visit classes may adversely 
affect teeching performance. 

Administrators should give serious thought 
to resolving the problems associated with 
rewarding teaching performance. Otherwise, 
the state might set standards which would be 
inconsistent with the goals and purposes of a 
large college or university, however the 
latter might be perceived. 

Another major area of concern is the salary 
and rank differential of wemen versus men. 
Probably the most important factor account- 
ing for this is the-policy of hiring a professor’s 
wife to convince him to accept a job at the 
universizv. Supporting this assertion is the 
fact that about one-half of the women in this 
study have husbands who are professors at 
the university and of these about two-thirds 
have lower rank than their husbands. Conse- 
quently. a woman may frequently be con- 
sidered by administrators as if she were em- 
ployed on a different basis than her husband, 
thus reducing her rank and salary. 

This study has demonstrated that even 
after taking into consideration their lower 
productivity, women are still paid less than 
men. Although noting the preferential treat- 
` ment given to hiring women whose husbands 
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are hired at the university, this discrimina- 
tory policy in rank and pay is not necessarily 
justifiable. This complex problem must be 
resolved by university administrators, or 
again, as with the case of rewarding teaching 


` effectiveness, the state might step in to solve 


the problem, but this time in the form of 
federal action—for example, the cut-off of 
research grants so important to the func- 
tioning of the university. 

If the problems of rewarding teaching per- 
formance and eliminating sex discrimination 
are overcome, this study could prove valu- 
able to university administrators. Instead of 
the present arbitrary and chaotic process of 
rewarding professors, a more equitable sys- 
tem could be instituted. 
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Making Inferences from Controlled Income 
Maintenance Experiments 


By CHARLES E. METCALF” 


Since 1968 substantial resources have been 
devoted to the design and execution of con- 
trolled income maintenance experiments.! In 
the tvpical experiment, a sample of low 
income households is placed on a variety of 
negative income tax (NIT) plans for a 
three-vear period. The primary objective of 
these experiments has been to measure 1) 
the effect of NIT on work incentives and 2) 
the cost of adopting such a welfare scheme 
nationally. 

This paper addresses a question whose 
answer is essential for interpreting the re- 
sults of such experiments. If an experiment 
of limited duration is conducted under 
“ideal? conditions, what can be inferred 
from the experimental results about be- 
havior in a world where NIT is adopted 
permanently? By ideal conditions, we mean 
that (a) individuals (or households)? in the 
experiment are conventional utility maxi- 
_ mizers, given the structure of the experi- 
ment, and (b) the experiment is sufficiently 
well designed to permit the differential re- 
sponses of individuals to be identified.? The 


* Staff member of the Institute for Research on Pov- 
erty and associate professor of economics at the Univer- 
sity of Wisconsin. The research reported here was sup- 
ported by funds granted to the Institute by the Office 
of Economic Opportunity pursuant to the provisions of 
zhe Economic Opportunity Act of 1964. I wish to thank 
Glen Cain, Robert Haveman, Donald Hester, and Wal- 
ter Nicholson for their comments on various drafts of 
this paper. Valuable comments were also received from 
participar.ts In seminars sponsored by the Institute for 
Research on Poverty and the Social Systems Research 
Institute. The conclusions are my responsibility. 

1 In adcition to the New Jersey-Pennsylvania Gradu- 
eted Work Incentive Experiment and the Rural Gradu- 
ated Worx Incentive Experiment (lowa-North Caro- 
lina) funded through the Office of Economic Oppor- 
tunity, similar experiments are operating in Denver, 
Gary, and Seattle. ` 

2 The terms individual and household are used inter- 
changeabl- in this paper. The household is assumed to 
possess a single decision maker and to have a finite life- 
time corresponding to that of the decision maker. 

3 We ar2 abstracting from all problems related to 


we 


discussion is limited to a partial equilibrium 
analysis of an individual’s supply of labor 
(demand for leisure). 

Section I extends the usual one-period, 
static analysis of NIT to a multiperiod 
framework where the effects of a temporary 
and a permanent NIT can be compared. It 
is shewn that, compared to a permanently 
adoptec program, a limited-duration ex- 
perimert will 1) understate the income ef- 
fect and 2) overstate the gross and compen- 
sated price effects of the NIT. Section IT 
analvzes how inferences about behavior 
under a permanent NIT may be drawn from 
a tempcrary experiment, and describes how 
results derived from a two-good, two-period 
model can be extended to a multigood, 
multiperiod case. Section III briefly inter- 
prets the results outside the context of in- 
come maintenance experimentation and 
outlines some mitigating complications 
which could affect the results presented in 
this paper. 


I 


Consider a one-period model in which a 
well-behaved function U(C, L) represents 
the meximum utility an individual may ob- 
tain from C dollars of goods purchases and L 
hours of leisure.* The individual takes as 
given a nonwage income of G dollars, an 
available quantity of time L, a wage rate W, 
and all goods prices. He is assumed to maxi- 
mize U(C, L) subject to the constraint that 
IG-+W(L—L)—C] be nonnegative, i.e., he 
allocates his consumption between goods 
and leisure by choosing the quantity of labor 
he will supply. 


sample design and stochastic estimation. The analysis 
of this paper is done in a nonstochastic framework. For 
a discussion of sample design procedures in such experi- 
ments, see Guy Orcutt and Alice Orcutt, and John 


- Conlisk arc Haroid Watts. 
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4 By leisure we mean any nonmarket use of time by 
the househald. 
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The NIT ordinarily provides a household 
with a fixed income guarantee and simul- 
taneously taxes other income sources of the 
household at a positive rate up to a “‘break- 
even” point where the amount of the guar- 
antee is exhausted. In this model, the NIT 
is assumed to increase nonwage income 
(dG>0O) and, through an increase in the 
tax rate, to decrease the (net of tax) wage 
rate (dW <0).5 The household is assumed to 
be below the break-even point, such that its 
net transfer payment is positive (i.e, dG 
+(£—L)dW>0). This latter condition guar- 
antees that the income effect of the guarantee 
dominates the income effect of the reduction 
in the wage rate. With a binding budget 
constraint and the absence of corner solu- 
tions (assumed throughout the paper), the 
imposition of VIT increases the demand for 
leisure through the net income effect if leisure 
is a normal good. Through the remaining 
substitution effect, a decline in the wage 
rate further increases the demand for leisure. 
Thus, if leisure is a normal good, the NIT 
unambiguously increases the demand for 
leisure, compared to a situation where no 
such program is in effect. 

In order to compare the effects of a tem- 
porary and a permanent NIT, the above 
analysis must be extended to a multiperiod 
framework. For this exposition consider a 
two-period, intertemporally additive utility 
function of the form 


(1) V= UC, Li) + U%X(C2, Lo), 


where the first period coincides with the 
duration of the temporary NIT examined 
below, and the second corresponds to the 
remaining lifetime of the individual. The 
form of U'(-) and U?(-) may differ; U?(-) 
includes whatever subjective discount factor 
the individual applies to his future consump- 
tion stream.® Since the two time periods may 


5 For expositional purposes, the income guarantee is 
treated as the only source of nonwage income. 

6 The intertemporal additivity assumption is ex- 
ploited below in the analysis of substitution effects. It is 
not required for the results related to income effects. 
It should also be noted that the individual is assumed 
to have no bequest motive; he derives utility only from 
his own consumption. 


METCALF: INCOME MAINTENANCE 479 


be of unequal duration, it should be stressed 
that G; C;, and L; (¢=1, 2) are flows, not 
aggregates for the time periods in question. 
The individual maximizes (1) subject to the 
income constraint 


(2) [Gi + Wi(L = i <= Cı] 
+ RIG: + WaZ — L) — C) 2 0 


where R is the rate at which consumption 
flows can be transformed from the future to 
the present. The rate R corresponds to 
(1+7), where r is the one period market 
rate of interest, if and only if the periods are 
of equal duration. As period two lengthens 
relative to period one, R rises to compensate 
for differences in the time scales; it no longer 
has a trivial interpretation as an interest 
rate. If the individual’s lifetime is N times 
the length of period one,’ and if period two is 
viewed as N— 1 discrete periods each equal 
to period one in length, then R can be cal- 
culated by the formula 


(3) R= itn 


t=2 


_ f = oe 


The importance of being able to evaluate R 
is discussed in Section IT. 

The conditions for maximizing utility 
over the two periods are: 


3 


(4) omen 
Desken 
UAW 


U, — ARW: =0 
[Gi + Wi(L — 1;)—C,| 
+ RG: + WAL — Ls) — Cs] = 0 


(5) | H*| >0 


7 We can interpret the individual’s lifetime as being . 
that portion of his life commencing with the initiation 
of the NIT. Given the form of (1), behavior prior to 
period one affects behavior during the period of analysis 
only through its effect on the budget constraint. 
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where |H*| is the determinant of the rele- 
vant Hessian matrix. 

A temporary NIT, effective during period 
one, can now be compared with a permanent 
NIT, in force throughout the individual’s 
life. The individual is assumed to know the 
duration of the NIT in each instance, as well 
as all other relevant information about the 
future. 

The effects of a temporary NIT can be 
derived by changing the values of G, and 
Wi. By differentiating (4) we obtain the ef- 
fect of a temporary NIT upon the first 
period demand for leisure time. 


ab, =M Uem] D 








9 n 677) 

and 

Ge ee 
aw, aG, | H*| 


Koala | D|] 


where |D;| is the determinant of the un- 
bordered matrix of second derivatives of 
Ui), and |J;| is the determinant of the 
bordered Hessian associated with |D;|.8 
What must be ascertained is whether or not 
the magnitudes of (@L,/dG,) and the income 
and substitution components of (3 Lı/3 W) 
are unbiased estimates of the magnitudes 
associated with a permanent change in G 
and W. 


It should be noted that | H*|=[J,|-|D2|+|J:| 
-| D,| >0. The second-order conditions for optimization 
also imply that |J:| >0 for all z, and that | D;| have a 
nonpositive value for at most one j. If | D;| is positive 
for all j, an increase in the present value of the indi- 
vidual’s inccme stream will increase total expenditures 
in every time period. If | D;| is negative for one j, an 
increase in the present value of income will lead to an 
expenditure decrease in all periods except j. (If [D;| =0 
for one j, expenditures would increase in period f and 
remain constant in all other periods. ) In this paper it is 
assumed that j D;| >0 for all j, i.e., that the aggregate 
expenditures in each time period, viewed as a composite 
commodity, be a “normal good.” Nothing in this as- 
sumption rules out the possibility of inferiority of indi- 
vidual goods in the consumption bundle. This discussion 
of restrictions placed on the value of | D,| parallels the 
treatment of a single period additive utility function in 
Eugen Slutsky. 
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We now differentiate (4) with respect to 
G and W, where dG;=dG and ete dW, for 
1=1, 2. 


(8 = (+R) 

OG ðG 

9) 4a —[E-1)+RE-1)} 

9 =T ») ae [on 
eae [(Uee| J2|)— | Dal ] 
AR? (ww! Us.) 
a B CCT UEC 

MU E 


Equatior. (8) shows the familiar result that 
consumption is less affected by a transitory 
change in income than by a permanent 
change. Evaluated locally, the income ef- 
fect of a permanent NIT is (1+R) times as 
large as the income effect of a temporary 
NIT. Substituting equation (7) into (9) and 
simplifying yields: 





oly 1 me 1 

10) == ———-— R(L— La 
o ow aw; l ) ðGı 
AR? 1, 
[| Woe Ure) 


AWU cas Uoi 


The final -wo terms of equation (10) show 
that the cifference in price effects has botk 


income and substitution components. If 


leisure is & normal good, the effect of a re- 
duction in the wage rate on the demand for 
leisure, estimated in a temporary NIT ex- 
periment, will typically overstate the per- 
manent price effect for two reasons. First, 
the estimażed negative influence of the in- 
come-effect component is biased toward 
zero. The income effect biases associated 
with changes in G and W are identical if, 
and only if, leisure consumption is the same 
in both periods. Second, the final term in 
(10) measures the difference between the 
permanent and transitory substitution ef- 
fects and will typically be negative.® 


® Given that > and | H*| are positive, the final term 
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To summarize this section, if leisure is a 
normal good, temporary WIT experiments 
will yield estimates of the income effect 
which is understated and of both the gross 
and the compensated price effects which are 
overstated, relative to what would be ob- 
served ij a permanent NIT program were 
instituted. It should be noted that a direc- 
tional statement can be made concerning 
the bias in the gross price effect even though 
the price effect itself is-ambiguous in sign.!° 


I 


The identification of three sources of bias 
(one involving G and two involving W) com- 
plicates the process of drawing inferences 
about permanent behavior from a temporary 
experiment. In order to make correct in- 
ferences the magnitude of these biases must 
be determined. Second, in order to measure 
the biases, the income and substitution ef- 
fects must be identified. This implies that 
different (linearly independent) combina- 
tions of income guarantee levels must be 
included in the design of a NJT experiment. 

A further examination of equations (8)— 
(10) suggests procedures for measuring the 
biases in the estimated income and sub- 
stitution effects." From (8), the value of R 
must be known in order to infer the per- 
manent income effect from the estimated 
transitory measure. Equation (3) indicates 
that R depends both upon the period interest 
rate facing the individual and upon his time 
horizon, measured as a multiple of the length 
of the experiment. Sample calculations of R 
illustrate the potential severity of the bias. 


in (10) will be negative so long as (W:U},—U},) and 
(W2U2%,—U%,) have the same sign. Given the assump- 
tion (see fn. 8) that | D;| >0 and the form of equation 
(6), aL-/aG; Z Oas (WU ce~ Ui.) S 0. Thus our require- 
ment is that the effect of an income change on current 
and future leisure consumption be of the same sign. 

10 Tf leisure is an inferior good, the income effect would 
still be understated in absolute value. The statement in 
fn. 9 about the compensated price effect would stand, 
but the bias in the gross price effect would be ambiguous 
in sign. 

n The entire measurement ciscussion is in terms of the 
magnitude of locally evaluated partial derivatives. 
Additional measurement problems associated with the 
use of local approximations to evaluate the effects of 
finite parameter changes are not dealt with in this paper. 
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“Tf the household faces a real annual interest 


rate of 10 percent (r=.331 for a 3-year ex- 
perimental period) and a time horizon of 30 
years (N=10), the bias in the income ef- 
fect alone would be 2.8 times the measured 
experimental effect. Even if the time horizon 
is as short as twice the length of the experi- 
ment,” this bias would be .75 times the 
measured effect. 

A number of techniques for estimating the 
value of R are available. If the marginal 
propensity to consume out of permanent in- 
come is known, the result that 1/(1+R) 
equals the ratio of the transitory and per- 
manent marginal propensities to consume 
can be exploited. Alternatively, if the NIT 
experiment were designed to include sub- 
samples which participated in the program 
for different time spans, R could be measured 
directly from observed variations in sub- 
group income responses." 

The income effect component of the bias 
in the gross price effect (equation (10)) is 
also a multiple of the observed, temporary 
income effect, but the value of R does not 
suffice to measure the size of this component. 
The present discounted quantity of future 
labor services provided by the individual 
must be estimated; in addition to specifying 
an interest rate, we must assert a relationship 
between his present and future labor force 
behavior. 

The substitution effect bias in equation 
(10) can be expressed as: 


OL, ð La 
OW li OW lt, 











2 While many have argued that low income house- 
holds have very short time horizons, it is not clear that 
evidence used to support these arguments in fact sup- 
port the existence of short time horizons as opposed to 
high discount rates. 

i8 This strategy is being followed in the Seattle- 
Denver income maintenance experiments. 

4% The notation |g is adopted to dencte a substitu- 
tion effect, i.e., the response to a price change accom- 
panied by an income compensation just sufficient to 
hold utility constant. 
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This bias can be evaluated by observing the 
substitution effects of a temporary change in 
the net wage rate on consumption of all 


goods during the experiment and estimating . 


the marginal share of leisure in future con- 
sumption. 

A common adding-up condition from neo- 
classical consumption theory is that the 
price-weighted sum of substitution effects of 
a single price change across all goods equals 
zero. For a change in Wy, the appropriate 
condition is: 




















OL; ðC 
(12) | -F — 
OWile éWilg 
OL» OC. 
+ Ri —W, — = 0 
Wiig ôWılg 








Note that the restriction is placed on the 
price-weighted substitution effects summed 
over all time periods; substitution effects 
over the period of the experiment are zot re- 
quired tə sum to zero. The deviation of this 
latter sum, the first term in (12), from zero 
is directly related to the substitution bias 
in (11). 

After differentiating (4) to obtain | com- 
pensated price effects, the weighted sum of 
—(aL,/aw)) |g and —(aC:/aW) | 5 can be 
written as: 

J 


OL, OC, 
(3) (=m 2 
(W:Ucc aa Uap | Jal) 


aw, 











Wilg 
—À 
| z*| 
which is positive or negative depending upon 
whether leisure is a normal or inferior good 
during the experimental period. 
The marginal share of leisure in future 
consumption is the remaining element 


needed to quantify the substitution bias. 
Again differentiating (4), we can write: 
dL, —R | Di| (W:Uce — Ure) 


dG | A*| 


) ( OL, 
OW, 


(14) R 





an (= 2 
i \ aw 
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and 


(15) a(S 4 Wr, ie) Pal ish 


ðG: | H*| 

Taking the ratio of (14) to (15) yields: 
OL, 
AG, 


(16) ——— c = 
ICs â Ly 
R. É EA =] 
dG 6G, 
SR TWU ~ Ure] 
| Jo | 


- Note that the substitution bias defined in 
(11) equals, with a sign change, the product 
of equations (13) and (16). Thus, from equa- 
tion (17), we see that the bias in the ob- 
served substitution effect is the product of 
two factors: 1) the weighted sum of sub- 
stitution effects observed during the experi- 
mental period and 2) the marginal share of 


leisure in future consumption. While the R 


cancels out of the second factor in this two- 
period case, discounting plays an important 
role wher the future is disaggregated into 
multiple periods. Then the second factor 
becomes the ratio of the effect of an income 
change on the present discounted quantity of 
future leisure to the effect of an income 
change or the present discounted value of 
future total consumption. Because the 
numerator and denominator are measured in 
different units, the ratio differs from a mar- 
ginal buclget share 

Evaluation of the substitution bias re- 
quires same estimate of future leisure. One 
approach would be to assume that present 
and future leisure shares of total consump- 


15 Specifically, the term corresponding to (16) becomes 


— NM 
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tion are identical at the margin. Given the 
assumptions underlying this model, an error 
in the estimated value of the ratio in (17) 
translates into an equal percentage error in 
the estimated substitution bias." 

The results of this paper can easily be 
extended to a model with 2 goods. The re- 


- ported results concerning income effects can 


be generalized directly to the multigood case. 
The biases in the substitution effects of a 
price change on any two goods can be shown 
to be proportional to the effects of an in- 
come change on consumption of the two 
goods.!’ If present and future consumption 
shares (defined as in (16)) are the same for 
the good undergoing the price change, the 
price-weighted sum of substitution biases 
corresponds directly to deviation of the ob- 
served sum of substitution effects from zero. 
Similarlv, the results can be reproduced with 
a multiperiod model in which the form of 
U*(-) is again permitted to vary across 
periods. At each point in the above discus- 
sion where future behavior plays a role, the 
multiperiod analog involves a present dis- 
counted quantity or value. 


II 


The preceding analysis shows how in- 
ferences about permanent behavioral rela- 
tionships can be drawn from measurements 
of behavior observed in a temporary experi- 
ment. The converse problem exists in many 
discussions of the use of fiscal instruments. 
Policy makers may wish to predict the ef- 
fect of temporary fiscal measures from ob- 
served empirical effects of earlier fiscal- mea- 
sures which were considered to be per- 
manent. Examples of such instruments 
would include the 1968 Income Tax Sur- 
charge, temporary investment tax credits, 


and import surcharges. This paper suggests” 


16 Since consumption patterns in the distant future 
are discounted heavily, the fact that relative leisure 
consumption increases substantially after an individual 
reaches retirement age does not have a major impact on 
the appropriateness of using current leisure behavior as 
an approximation of discounted future behavior. 

17 The close relationship between substitution and in- 
come effects has its origins in the assumption of inter- 
temporal additivity. For a general discussion of additive 
preferences, see Hendrik Houtnakker. 
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procedures ior analyzing the strength of 
such fiscal measures; but since it is a partial 
equilibrium analysis, these procedures are 
not necessarily reliable for making predic- 
tions about the general equilibrium or 
macro-economic magnitude of their effects. 

Several assumptions were employed in the 
above analysis in order to obtain the re- 
ported results. First, the discussion of sub- 
stitution biases appears to hinge on the as- 
sumption that preferences areintertemporally 
additive. Second, durable and storable goods 


were excluded from consideration. Third, the 


households were assumed to be price takers 
and face perfect capital and labor markets. 
The nature and degree of imperfection in 
loan and labor markets serving low income 
households should be investigated before we 
either interpret the results of current NIT 
experiments or apply to those results the 
measures of bias described here. Fourth, 
households were assumed to adjust in- 
stantaneously and costlessly to changes in 
their economic environment. Again, the 
magnitude of real world adjustment costs 
and lags must be investigated. Finally, 
households were assumed to behave as if 
they knew the duration of the experiment 
with certainty. Since this assumption may 
be violated, and since an experiment may 
create expectations that NIT may be per- 
manently adopted, the effects of uncertainty 
and of different patterns of expectations on 
behavior must be examined. 
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The Production Function. and the Theory 
of Distributive Shares l 


By Ryuzo SATO AND TETSUNCEI Korzumr* 


One of the stylized facts concerning the 
performance of an aggregate economy over 
the last generation or so has been the con- 
stancy of income shares between wages and 
profits. For some this is nothing but the 
confirmation of the fact that the underlying 
production ‘function of the economy is of 
the Cobb-Douglas type, and for others this 
is due to a bias in technological change with 
variable elasticity of substitution between 
labor and capital.’ But, regardless of whether 
one believes in an aggregate production 
function upon which most of these studies 
are based, or differs in opinion on factors 
responsible for it, there is a wide consensus 
among economists on the stability of macro- 
distributive shares. 

The myth surrounding the constancy of 
factor shares breaks down once we turn our 
attention to micro units of the economy—at 
a firm, an industry, or even a sector level. 
If the production function, which of course 
becomes better delineated the further we 
disaggregate, could be expressed in terms of 
two factor inputs, it would be easy to ex- 
plain any cbserved behavior of factor shares 
by appealing to a simple relation derived by 
J. R. Hicks between the elasticity of sub- 
stitution and factor shares? But a micro- 
production function, since a finer classifica- 
tion of factor inputs is feasible and the data 
are easier to come by, is conceivably more 
meaningiully characterized by the multi- 
plicity of factor inputs. The development in 


the multifactor case, however, had to wait _ 


until 1968 when Paul Samuelson first in- 
troduced a simple, yet suggestive, concept 
of the elasticity of substitution. By con- 


* Professor of economics, Brown University and as- 
sistant professcr of economics at Ohio State University, 
respectively. This work was supported in part by the 
National Science Foundation Grant GS-3280. A ref- 
eree’s comments are greatly appreciated. 

1 See, for example, Irving Kravis, Sato. 

2 See Hicks, Theory of Wages, ch. 6. 
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sidering the substitutability of a factor 
against all other inputs taken together, he 
was ab.e to demonstrate that the relative 
share of a factor increases or decreases as the 
supply of that factor increases depending on 
whether his elasticity of substitution is 
greater or smaller than unity. Thus, the 
usage cf the elasticity of substitution in 
this particular sense was transferred very 
smoothly from the two-factor to the multi- 
factor case. 

Samuzlson’s new concept, bold and in- 
genious as it is, has solved only one specific 
problem, namely, that of the effect of an 
increase in the supply of one factor upon the 
relative share of that same factor. There are, 
of course, other equally interesting questions 
one can ask in the multifactor case. For ex- 
ample, what will be the effect of an increase 
in the supply of ove factor upon the relative 
share of another factor? What about the 
effect of a change in the intensity of the 
usage of two factors upon the ratio of rela- 
tive sharzs of these factors? What about the 
effect of an increase in the supply of one 
factor upon the proportion of relative share 
of this fector in the total share of a group 
of factors to which this factor may or may 
not belor.g? What if the price rather than 
the guanitiy of a factor changes? Not only 
are these problems of theoretical interest, 
they are relevant in that they also appear 
in the reel life context as we shall show be- 
low with specific examples. 

The purpose of this paper is to suggest 
elements of a complete theory of distributive 
shares by deriving the different concepts of 
the elasticity of substitution required in 
different contexts. Section I briefly discusses 
the model of preduction and distribution in 
the multifactor case. Section II analyzes the 
role of the Samuelson elasticity and the 
partial elasticities. Section III discusses the 
direct and shadcw elasticities. In addition, 
other elasticities are introduced to analyze 
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the variety of problems one ‘encounters in 
real life. 


I. The Model 


Consider a firm producing output (y) with 
a n-factor constant returns to scale produc- 
tion function 


(1) y = f(X., En) 


where xi:=ith factor input. The function f is 
assumed to be a concave function with con- 
tinuous partial derivatives up to, at least, 
the second order. As dual to the production 
function (1), we have the unit cost function 


(2) as g( Pr; eae Pn) 


which is a linear homogeneous, concave 
function in prices (~;=price of the ith in- 
put). Because of this perfect symmetry be- 
tween production and cost functions, known 
as the duality theory, plus the equality be- 
tween total revenue and total cost which is 
the equilibrium condition of a firm under 
pure competition, the subsequent argument 
on the relationship between the elasticity of 
substitution and the behavior of factor 
shares can be conducted in terms of both 
production and cost functions. 

Under competitive conditions, the rela- 
tive share of factor x; is given by 


iv; iri 
(3) TE <i<n) 
ðf dg 2 
= = a;= 1 
f ax; z api 2 


Thus, the relative share can be expressed in 
two alternative ways either as the propor- 
tion of output paid to factor x; relative to the 
total output or as the proportion of expen- 
diture on x; relative to the total cost of 
production, This enables us to analyze not 
only the ‘‘direct” effect on factor shares of a 
change in the quantity of a factor via the 
change in marginal product but also the 
“indirect” effect of a chenge in the price of 
a factor via the change in quantity demanded 
of that factor. 


3 This is due to the fact that the marginal effect on 
unit cost of a change in factor price p; is equal to the 
quantity demanded of factor i, i.e., gi = x3. 
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Il. Effects on the Size of Relative 
Factor Shares 


It would be useful to start with a con- 
crete example in. order to bring home the 
empirical relevance of the subsequent anal- 
ysis. Suppose that the firm under considera- 
tion employs two classes of laborers—black 


and white—in addition to other factor in- 


puts, and that it decides to employ one ad- 
ditional black laborer to fill the job vacancy. 
How will this affect the relative share of the 
black laborers? What about its effect on the . 
share of white laborers? In this section, we 
examine the elasticity concepts required to 
answer these questions. 


Samuelson Elasticity 


First consider the effect of an increase in 
the quantity of one factor (black laborer) 
upon the size of the relative share of that 
factor (black laborer). This is the problem 
investigated by Samuelson and the result can 
be stated as: the relative share of one facior 
increases or decreases as the quantity of that 
factor increases depending on whether the 
“Samuelson” elasticity of substitution is 
greater or smaller than unily, t.e., 





Oa; R i $ 
(4a) sgn F S0 according as o; Ẹ 1, 
where 
(5a) Ci = pon copa = aifi 
i f iiti 


is the Samuelson elasticity of substitution of 
factor x. 

By the aforementioned duality theorem, 
we can formulate the dual problem to (4a) 
which is concerned about the effect of an in- 
crease in the price of x; on a;. The result is 
given by | 


Oa; 


(4b) sgn G 


d 
> . > 
) = 0 according as o; <1 


i 





where of is formally defined as 


(5b) oe 
l Luli 


We may call of in (5b) the “dual”? Samuelson 
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ks 


elasticity of substitution of factor x,, for it is 
the exact dual of o; in (5a) in that it is de- 
fined in terms of the unit cost function (2) 
which is dual to the production function 
(1). Thus, (4b) says: the relative share of one 
factor increases or decreases as the price of 
that factor increases depending on whether the 
“dual” Samuelson elasticily of substitution is 
greater or smaller than unity. 


Partial Elasticity 


Next consider the effect of a change in the 
quantity (or price) of ome factor (black 
laborer) upon the relative share of another 
factor (white laborer). Although the problem 
seems to be a slight variant of the one just 
discussed, 1t turns out that the Samuelson 
elasticity will not be of much help in an- 
swering it. Fortunately for us, however, a 
rather celebrated “partial”? elasticity con- 
cept comes to the rescue. The results can be 
stated as: the relative share of one factor in- 
creases or decreases as the quantity (price) of 
another factor increases depending on whether 
the partial elasticity of complementarity (sub- 
stitution) between the two factors in question is 
greater or smaller than unity, i.e., 


y sen (a 2 
sen|——}]= 
(6a) OX; i 


according as cy 2 1, (i #7) 
Oa; 
> 
sgn|—-] 20 
(6b) ° (=) $ 
according as e; 2 1, (t = j) 
where 
(7a) Cy = Hi (i 7) 
fifi 
is the partial elasticity of complementarity and 
(7b) Tij = eee ; (i = 9) 
8:87 


is the partial elasticity of substitution between 
x; and xj" 


4 The definition of the partial elasticity of “comple- 
mentarity” is found in Sato and Koizumi (1971) in view 
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Noting that both c: and o,; can be either 
positive or negative (which determines 
whether x; and x; are substitutes or comple- 
ments).® the results in (6a) and (6b) indicate 
that itis the degree of substitutability which 
is cruc.al in determining the behavior of 
factor shares. For example, suppose that the 
black end white laborers are strong sub- 
stitutes, i.e. the partial elasticity of sub- 
stitution between them is greater than 
unity. An increase in the wage of white 
laborers induces the substitution of black 
laborers for white laborers. An increase in 
demand for the black laborers thus gen- 
erated means an increased payment to the 
black laborers in the total factor payments, 
thus leading to an increase in the relative 
share of the black laborers. When the black 
and white laborers are complementary (i.e., 
o;;<0}, an increase in the wage of white 
laborers always decreases the relative share 
of black !aborers.*® 


Ill. Effects on the Ratio of Relative 
Factor Shares 


In the previous section we analyzed the 
effect of a change in the quantity or price of 
a factor on the size of factor shares. But in 
the presence of multiple factors equally in- 
teresting questions can be asked about the 
effects or the various ratios of factor shares. 
Thus, supposing that there is an increase in 


of the sugg2stions due to Hicks (1970). It is the dual 
concept to the well-known definition of the Allen partial 
elasticity of substitution. 

5 Two factors x; and 2; are said to be g-complements 
or qg-substitutes according as c; is positive or negative, 
and p-subst_tutes or p-complements according as oj; is 
positive or negative. See Hicks (1970) and Sato and 
Koizumi (1¢71). 

6 It is to be noted that the results in (4) and (6) are 
not totally independent from each other, for the Samuel- 
son elasticity and partial elasticity are related in a cer- 
tain manner due to the linear homogeneity of f and g 
functions. To be exact, the relations are 


1 
> acy and 1 /or = 


T Qi jxi 


1 
De aye; 


1/o; = 








That is, the tarerse of the Samuelson elasticity of substitu- 
lion (and that of the dual Samuelson elasticity) of factor 
x; is a weigated average of n-~1 partial elasticities of 
complementarity (substitution) between x; and n—1 other 
facor inputs. 
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the ratio of black over white laborers, how 
will this affect the ratio of factor shares be- 
tween these two classes of laborers? Or one 


may well conceive of a firm which employs 


three classes of laborers—black, white, and 
brown. Then, supposing that a firm decides 
to increase the use of brown laborers, how 
will this affect the relative Income position 
of one class of laborers against other classes 
of laborers? Extending the argument in this 
manner, one may in general ask about the 
effect on the ratio of factor shares between 
two groups of factor inputs. The concepts 
introduced in the previous section will not 
help to answer these questions. Hence, we 
have to develop the elasticity concepts nec- 
essary to analyze this type of problem. 


Direct and Shadow Elasticities 


The simplest case that falls under the 
present category is the effect of a change in 
the relative intensity (or relative price) of 
two factors upon the ratio of factor shares of 
these factors. As was already pointed out, 
no new elasticity concept is needed in this 
case if there are only two factor inputs. In 
the multifactor case, the results turn out to 
depend on two other rather celebrated elas- 
ticity concepts. That is, 


res 
L 
a; 


tery 

Ory 
a 

AIV 
[a 


according as dy 2 1 


(8b) sgn =0 
ð 2) 
fi : > 
according as si; £1 
where 
O log (xi X; 
(9a) dy g (xi/x3) ij 


a log (fi/ fà) 


is the direct elasticity of substitution between 
x; and x; and 
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me log (p:/ Ps) 
ð log (g;/g:) 


is the shadow elasticity of substitution be- 
tween x; and xj.” 


(9b) Sij ) 1 Æ q 


Composite Elasticities 


We shall next develop the elasticity con- 
cept required to analyze the effect of a 
change in the quantity (or price) of brown 
laborers on the relative income position of 
brown laborers against black and white 
laborers. Let subscripts 7, 7, and k stand 
for brown, black, and white laborers, re- 
spectively. The income position of brown 
laborers relative to black and white laborers 
can be measured by ai/(a;+ax) or its in- 
verse. As the quantity (or price) of brown 
laborers changes, their relative income posi- 
tion changes as 


a; + = 
es . 
(10a) sgn ———---_- 2 0 
‘ OX; 
according as y; 2 1 
a; = = 
O meum 
(10b) a 20 
OD; i 


according as ġ; 2 1 


where y; and @¢; are the desired elasticities 
we are looking for. Let us define these elas- 
ticities as the composite elasticities of substi- 
tution of factor +. Formally they are defined 
as 


Í 
(11a) Wi = (1 — ai) — + aici 
Ti 
1 
(11b) $: = (1 — ai) — + ad; 
Ti 
where 
Qj fy Ak 
Ci = —— Cji mG 
atar aj + ak f 


7 The dizect elasticity concept is a straightforward ex- 
tension of the original Joan Robinson definition. The 
shadow elasticity is due to Daniel McFadden. 
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TABLE 1—Summary or Evasticiry Concerts 
Changes in 
ee we bi X pi tif 2; bi/ È; 
a; Samuelson Dual Samuel- Partial elasticity Partial elasticity 
son of complemer.- of substitution 
tarity 
ære Direct Shadow 
(ajar) /(a;) | Composite Dual composite 
Ea,/Za; Group elasticity Group elasticity 
of comple- of substi- 
mentarity tution 
and’ factor inputs. We can, of course, generalize 
n l this problem to the comparison of income 
di = 7 gji + eae N shares of two groups of factor inputs. Thus, 
ay + ær az + a for example, one group of factors may be 


Thus, W: for example is a convex combination 
of the inverse of the Samuelson elasticity and 
the weighted average of partial elasticities 
of complementarity between x; and x; and 
between x; and xg. Returning to the example 
of brown versus black and white laborers, 
the results in (10) indicate that the increase 


the workers consisting of black, white, and 
brown laborers and another group the man- 
agement consisting of presidents, execu- 
tives, anc branch managers. Supposing that 
a firm decides to adopt new and efficient 
capital equipment, how will this affect the 
relative income positions of these two groups 
of people? Formally, the results can be 


in the supply of brown laborers is more tated as 
favorable to their relative income position, the 
greater is the Samuelson elasticity of substitu- 
tion of brown laborers against all other factor ð ( 2, oe 2 a) 
inputs and/or the smaller are the partial (12a) sgn ———-———_—_ 20 
elasticities of complementarity between brown IXe 
and black and between brown and white according as Cr — Cy 20 
laborers. j 
Group Elasticities al al Dd a) 
The composite elasticities discussed above (12b) sgn D a a ae 20 


are useful in analyzing the relative income 
position of one factor against a group of 


E The reader may verify that the same elasticity y 
also determines the sign of d[(a;t+aj;+teax)/ai}/dx;. In 
principle, the composite elasticity could be extended to 
include more factors. Thus, we may talk about the com- 

~ posite elasticity of brown laborers against black, white, 
and grey laborers, say, and so on. There is, however, an 
upper bound on the number of factors to be included. 
To be exact, that number is n—2, for if it is »—1 then 
we would be comparing the income share of one factor 
against those of all other factors (i.e., a; versus 1—«a;) 
and the relevant elasticity for this problem reduces to 
the Samuelson elasticity. 


Op: 
according as Dr — Dy 2 0, 


where J ard J are any two nonintersecting 
subsets of » factors of production and Cy 
and Cy ar2 the weighted averages of the 
partial elasticizies of complementarity of 
group J ard J, respectively, and similarly 
for Dr anc Dy with the partial elasticities of 
substitution. Thus, which group is more 
favorably effected depends on the relative 
magnitude of these group elasticities. We 
may define Tr and Dy as the group elasticities 
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of complementarity and substitution of factor 
group I.° 

The results we obtained above are schema- 
tically summarized in Table 1. It is suggested 
that the reader fill the remaining blanks with 
appropriate concepts which will be hybrids 
of the concepts discussed above. 


° The results in (10) and (12) are easily obtained by 
logarithmic differentiation 


a log = 


ay 1 
ð log xi Ci 





a; Qk 
+a (—— Gi + c) — 1 
aj + a aj; + ak 


a log Daa as) 
El tEJ 


— = (Cr — Cy) 


and 


ð log Tk 


where C;, for example, looks like 


Ce Qi ay 
al 
E 
for I=(i, j, Ñ 
REFERENCES 


R. G. D. Allen, Mathematical Analysis for 
Economists, London 1938. 


SATO AND KOIZUMI: DISTRIBUTIVE SHARES 489 


J. R. Hicks, Theory of Wages, 2d ed., New 
York 1963. 

, “Elasticity of Substitution Again: 
Substitutes and Complements,” Oxford 
Econ. Pap., Oct. 1970, 22, 289-96. 

I. B. Kravis, “Relative Income Shares in Fact 
and Theory,” Amer. Econ. Rev., Dec. 1959, 
49, 917-49. 

D. McFadden, “Constant Elasticity of Sub- 
stitution Production Functions,” Rev. Econ. 
Stud., June 1963, 30, 73-83. 

J. Robinson, The Economics of Imperfect 
Competition, London 1933. 

P. A. Samuelson, “Two Generalizations of.the 
Elasticity of Substitution,” in J. N. Wolfe, 
ed., Value, Capital and Growth: Essays in 
Honour of Sir John Hicks, Chicago 1968. 

R. Sato, “The Estimation of Biased Technical 
Progress and the Production Function,” Int. 
Econ. Rev., June 1970, 11, 179-208. 

and T. Koizumi, “Substitutability, 

Complementarity and the Theory cf Derived 

Demand,” Rev. Econ. Stud., Jan. 1970, 37, 

107-18. 

and , “On the Elasticities of 
Substitution and Complementarity,” unpub- 
lished mimeo., Brown Univ., Nov. 1971. 

R. W. Shephard, Theory of Cost and Produc- 
tion Functions, Princeton 1970. 

















The Neoclassical Theory of Technical Progress: Note 


By J. Bouman anp M. K. Bomxan* 


In his article on technical progress in this 
Review, Winston Chang presents “... the 
asymmetrical results out of Harrod’s and 
- Solow’s classifications [of bias] in relation 
to that of Hicks” (p. 913) for a two-sector 
model. He also shows “... that the usual 
symmetrical results obtained for aggregate 
neutrality between the Hicksian and Har- 
‘trodian schema,...in general, do not apply 
to Solow-neutrality” (p. 913). This note 
demonstrates that the asymmetries to which 
Chang refers result from the manner in 
which he defines the Solow measure of bias 
in the capital-goods sector. If this measure 
is redefined, the asymmetries vanish. 

Chang defines the Solow parameter, uz,, 
(j=1, 2), as the proportional rate of reduc- 
tion in the labor-output ratio in sector 7 at a 
constant wage rate (pp. 913, 918): uz; 
==@r;|S-c, where er;z=(Ÿ;— L); Y; is the 
output of sector 7, L; is labor employed in 
sector j, (*) over a variable represents the 
relative change in that variable, and w is 
the wage rate measured in terms of the 
consumption good.! It follows that the labor- 
output retic under consideration in sector 1 
is labor per unit of capital good (Z;/Y;) 
whereas the corresponding ratio in sector 2 
is labor per unit of consumption good 
(L2/¥2). Chang defines the Solow measure 
of bias in sector 7 as y;= (1/0g;) ttt; where 
6x; (O<6x;<1) is the share of capital in 
sector 7. 


I. Redefining the Solow Measure of Bias 


State the labor-output ratio in sector 1 in 
terms of consumption goods ‘(1;/¥i), 
where ġ is the price of a capital good mea- 
sured in consumption goods. It follows that 
both the labor-output ratios in sectors 1 and 
2 end the wage rate are stated in terms of the 


* University of Santa Clara. 
i Sector 1 (j= 1) is the capital-goods sector; sector 2 
(j =2) is the cor.sumption-goods sector. 


consumption good. Denote the proportionate 


_rate of reduction in the labor-output ratios 


by ez;. From the definition of ez;, it is clear 
that 


(1) P,-fitprent? 


3L? 


v 
ch = 


— 
— 


en 
Substitution of Chang’s equations (8), 
(23), and (29> into our equation (1) yields: 


(2) er = (6:0n1/Ox2 + 1 — On1/Ox2)v 


+ 0x1 — o1)T xo + 0x18: 


where o;, Tg;, and 8; denote the elasticity of 
factor substitution, the Solow rate of prog- 
ress, and the Hicks measure of bias, respec- 
tively, in sector 7. Define the Solow measure 
of bias, yj, such that j= (1/6x,)ez;|S..0. 
From our equétion (2) and Chang’s equation 
(42), it follows that? 


(3) V; = By + (1 = oj) Tke 


which gives the relationship between the 
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Solow and Hicks measures of bias.’ 


II. Implications 


From our equation (3), it follows that 
Hicks neutrality is equivalent to Solow 
neutrality in sector f if the elasticity of factor 
substitution in f equals unity.’ This result is 


2; denotes Chang's definition of the measure of 
Solow bias; 4; denotes our definition of that measure. 
Since no modiications with respect to the consump- 
tion-goods sector bave been made, y= Fz. 

3 The foregoing procedure of redefining the Solow 
measure of b:as pérallels Chang’s development of the 
Harrod measure of bias (pp. 916-17). In the latter case, 
the capital-output ratio in sector 1 is measured in terms 
of the capital goo]. His equation (28), exe=exe—, 
where ex2=(F2—Kz) and Ko is the capital employed in 
sector 2, implies that the relevant capital-output ratio 
in sector 2 [pK2/Y2=K2/(Y2/p)] is stated in terms of 
the capital good. Hence, both the capital-output ratios 
in each sector and the rate of profit are measured in 
terms of the capital good. 

4 The above statement nolds for sector 2 in Chang’s 
analysis but not for secior 1; see his equation (45). 








pad 
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symmetrical to that of Chang’s equation 
(34) which establishes the relationship be- 
tween the Harrod and Hicks measures of 
bias; in particular, the Hicks and Harrod 
neutralities are equivalent in 7 if the elas- 
ticity of factor substitution in 7 equals 
unity.’ If no progress occurs in sector 2, 


Hicks neutrality and Solow neutrality are ~ 


equivalent in sector 1. Contrary to Chang’s 
findings, this result is “‘... symmetrical to 
Kennedy’s result (1962a, 1962b) concerning 
the equivalence of Hicks and Harrod neu- 
trality in the consumption-goods sector when 
there is no progress in the other sector” (p. 
919), 

Substituting Chang’s equation (34) into 
our equation (3) establishes the relationship 
between the Harrod and Solow measures of 
bias: 


(H) P= a; + (1 — o)(Tr1 + Tr) 


where a; is the Harrod measure of bias and 
T1; 1s the Harrod rate of progress in sector 
j- The Solow and Harrod neutralities arè 
equivalent if the elasticity of factor substitu- 
tion equals unity; hence, if o;=1, all three 
classifications of neutrality are equivalent 
and the production function is Cobb- 
Douglas. 

For the case of Solow own neutrality, 
define F{=(1/Oxier|eseo and 7 
= (1/Oxe)ete|a-o. Clearly, Ye=72; hence, 
substituting Chang’s equations (8), (21), 
and (29) into our equation (1) yields: 


(5) ¥;=8;+ (1 — oT x: 
+ (6x2/6K1) (Tr: — Tx; 


In sector 2, Solow own neutrality is equiv- 
alent to Hicks neutrality (or own neutral- 
ity) if a= 1; on the other hand, in sector 1, 
the two are equivalent if o.=1 and Tr 
= T Ka 


5 Chang’s equation (34) is as follows: 
aj = By — (1 — o;)T t 


where a; and Tz; are the Harrod measure of bias-and 
the Harrod rate of progress, respectively, in sector jf. 

6 Hicks neutral and Hicks own neutral are the same; 
see Chang, p. 918, fn. 23. 

7 Contrast this with Chang’s equation (48), ¥7=8; 
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our equation (5) yields: 


9 


(6) 7 =a; + (1 —o)(Tis + Tr) 
— (621/0r2)(T13 — Tri) | 
+ (6x0/Oxr) (Tx. — Tgi) 


where 8z; is labor’s share in j and af is the 
Harrod own measure of bias. In sector 1, 
Harrod own neutrality is equivalent to 
Solow own neutrality if o.=1 and Tr: 
=: Tro. The same can be said for sector 2 if 
c=1 and Tr:=Tre. Both neutralities oc- 
cur if 


(1) ot = 1 + (Ox2/6x1) (Tre — Tr) 
(Tri + Tri)! 
and? 
os = 1 -+ (651/022) (T r1 — Tr 
(Tra + Tre)! 


Following Chang, p. 920, defne p 
=T n/T rnt Tro, where OXpl. Using 
Chang’s equation (34) and our equation 
(4), eliminate o;. The result is? 


(8) B; = př; + (1 — pa; 


Several symmetrical results emerge which 
are not present in Chang’s analysis (see 
p. 920). In both sectors, 8; is a weighted 
average of the other two measures of bias. 
If p=0 (no progress in sector 1), the Hicks 
and Harrod measures of bias in sector 2 are 
equivalent and independent of the Solow 
measure; if p=1 (no progress in sector 2), 


-+-(1—0;)Tx;, which indicates that Hicks neutrality and 
Solow own neutrality are equivalent if o;=1. Note the 
symmetry between the results of our equation (5) and 
that of Chang’s equation (41). For the latter, Harrod 
own neutrality is equivalent to Hicks neutrality in 
sector 1 if gı=1 and in sector 2 if oo=1 and Tr2=T 11. 

8 Compare (6) with Chang’s equation (49). In his 
analysis, the two neutralities are equivalent in sector 1 
if o,=1; they are equivalent in sector 2 if og=1 and 
T1:1=T x. Both occur if o;5=1 and 


or = 1 + (61:/Tx2)(Ti1 — Tra); « 


see Chang, p. 919. 
* The corresponding equation in Chang’s analysis is 
his equation (50), 8;=py;+(1—p)e;+(Tx2-T x). 
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the Hicks and Solow measures in sector 1. 


are equivalent and independent of Harrod’s 
measure. If progress occurs in both sectors 
(0<p<1), then for each sector any two 
neutralities imply the neutrality of the 
third. 

If Solow (Harrod) neutrality prevails in 
sector 2 (sector 1), the Hicks classification is 
equivalent to Harrod’s (Solow’s).!° If Harrod 
(Solow! neutrality prevails in sector 2 
(sector 1), Hicks classification, except for 
the neutrality case, implies the corresponding 
classification of Solow (Harrod) in that 
sector, but not vice versa." If Hicks neu- 
trality occurs in sector 1, Solow labor-saving 
(capital-saving) progress implies Harrod 
capital-saving (labor-saving) improvement, 
but not vice versa.” 

Eliminating e; from our equation (5) and 
Chang’s equation (41) yields: 


(9) B= 9x73 + Orja 
+ (0811/81) (Tr — Tip 
+ (0r;0x2/8x) (Tr; — Tro) 


which establishes the relationship among the 
three measures of own bias. Again several 
symmetrical results emerge which are not 
present in Chang’s analysis. If the Solow 
(Harrodian) rates of technical progress be- 
tween sectcrs are equal, then: (i) the Hicksian 
bias in sector 1 (sector 2) is a weighted 
average of the other two own biases; (ii) 
any two own neutralities in sector 1 (sector 
2) implies the own neutrality of the third; 


(iii) for sector 1 (sector 2), own neutrality — 


in Harrod’s or Solow’s sense implies the 
equivalence of the other two; and (iv) for 
sector 1 (sector 2), Hicks neutrality implies 


10 In this case, T7x2>0, OSp<1, and Be=(1—p)az. 
For the parenthetical case, 7z:1>0, O<pSl, and 
B:=p71. 

Jn this case, 8:=p7: and OSp<1. For the paren- 
thetical case, 8:=(1—p)a, and CO<pSl. 

The corresponding statement for the other sector is: 

. if progress is Hicks-neutral in sector 2, Harrod 
labor-saving (capital-saving) progress necessarily im- 
plies Solow capital-saving (labor-saving) improvement, 
but again not vice versa.” See Chang, p. 920. 

83 Compare with Chang’s equation (51), p. 921: 
Bi =Oxyv}-FOrje94-6ni(T11—T 1). 


ét 
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that Herrod’s own labor-saving, neutral, or 
capital-saving improvement is equivalent to 
Solow’s own capital-saving, neutral, or 
labor-saving Improvement, respectively. If 
the Sclow rate of technical progress in sector 
2 is greeter (less) than that in sector 1, then ` 
for sector 1 (i) Hicks and Harrod own neu- 
trality implies Solow own  labor-saving 
(capital-saving); (ii) Harrod and Solow own 
neutrality implies Hicks capital-saving (labor- 
saving); and (iii) Hicks and Solow own neu- 
trality implies Harrod own labor-saving 
(capital-saving). If the Harrod rate of tech- 
nical prcgress in sector 2 is greater (less) than 
that in sector 1, the same can be said for 
sector 2. 

To reconstruct Chang’s formulation of 
aggregate Solow neutrality, consider his 
equation (52), p. 921, for the Sener labor- 
output ratio: 


(10) L/V = 6,L:/(p¥3) + F Ya 


where L=Li+Ls, Y=p¥Y, +Y: denotes na- 
tional inzome in terms of the consumption 
good, and 6; is the share of sector 7 in Y. 

If our equation (4) is substituted for 
Chang’s equation (45), his equation (53) 
becomes ` 


(11) ep =Cyw+C2+Cy; 
where | 
C=) ro0e+d11[(o1— 1) (0x1/0x2) +1] 
Com A rO Rv t ALOK Y? 
Co= 1181+ Arha 
en=Y—-L : 
Mig= Lj/L 


Solow reutrality in each sector (fi1= ¥2=0) 
results in aggregate Solow neutrality (ez | =o 
=0) if, and only if, C3|4.0=0. Since, p. 922, 


(12) 6, = A.(1 — op)p 
i oo ts A(1 T op)p 
$ |S = @xi(Tr: — Tri) 


it follows that 
(13) Cs |ant = bgi l — op) (Tre — 
` (A z0 p A z102) 


Tgi) 
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where op is the elasticity of substitution 
between demanders. Solow neutrality in each 
sector (¥1=7Y2=0) implies aggregate Solow 
neutrality (er|4.0=0) if, and only if, one of 
the following conditions exists: the elas- 
ticity of substitution on the part of demand- 
ers equals unity (op=1) or the Solow rates 
of technical progress between sectors are 
equal ({’xe=Tx1).5 This result parallels 
Ronald W. Jones’ (1966) conclusion that 
Harrod (Hicks) neutrality in each sector 
implies aggregate neutrality in the Harrodian 
(Hicksian) sense if either one of the following 
conditions exists: the elasticity of substitu- 
tion on the part of. demanders equals unity or 
the Harrodian (Hicksian) rates of technical 
progress between sectors are equal. 


“ We ignore the trivial case of equal factor propor- 
tions where (Azo61—~—Az162) = 0. 

48 According to Chang, “...aggregate Solow neu- 
trality follows if, and only if, either (i) the Solow rate of 
technical advance, Tx;, is the same in each sector, or 
(ii) op is greater than unity ...* (p. 922). 

6 Although Jones does not state it, the above condi- 
tions are also necessary conditicns provided that sec- 
toral factor proportions differ. 
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If sectoral factor proportions differ, then 
equal Solow, Hicksian, and Harrodian rates 
of technical progress between sectors cannot 
all occur. Hence, in the case of unequal sec- 
toral factor proportions, all three classifica- 
tions of neutrality coexist at both the sectoral 
and aggregate levels if, and only if, (i) the 
elasticity of factor substitution in each 
sector is unitary and (ii) the elasticity of 
substitution between demanders:is unitary. 
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International Trade and the Forward Exchange Market 


By WILFRED ETHIER* 


i 


The forward exchange market has recently ` 


been the object of much theoretical interest, 
mostly centered upon the roles played by 
interest arbitragers and “pure” speculators. 
Within this framework, discussions of com- 
` mercial activity assume that all orders are 
covered completely, so that the forward rate 
becomes the relevant exchange rate. But an 
understanding of the interrelationships be- 
tween trade and forward exchange ought-to 
be a principal objective of studying the for- 
ward market. For example, one of the main 
issues in the question of fixed versus flexible 
exchange rates concerns the effects of ex- 
change uncertainty on trade, And the role of 
the forward market, both absolutely and 
comparatively under the two systems, is 
quite central here. The objective of this 
paper, then, is to examine the effect of for- 
ward exchange on international trade and 
the relationship between the market for 
zoods and the forward exchange markets. 
The present paper differs from most of the 
recent literature in that the behavior of 
merchants involves simultaneously both 
commercial covering and speculation linked 
in an essential way. Thus there is no deliber- 
ate attempt to divide fictitiously the agents 
into pure speculators, traders, and arbi- 
tragers (although one of my objectives is to 
determine under what circumstances such a 
division is valid). In this respect my work 
resembles that of Peter Kenen, to which it is 
in a sense complementary.! Whereas Kenen 
shows how firms naturally perform the roles 
of interest arbitragers and speculators in 


* Assistant professor of economics, University of 

Fennsylvania. Thanks are due to Arthur Bloomfield 
and Stephen Ross for helpful discussions. An early 
version of this paper was presented to the 1971 New 
Crleans meeting of the Econometric Society. 
_ 1See, in addition, William Branson, ch. 2. After the 
present paper was completed I became aware of the 
manuscript by Peter Clark which examines some closely 
related questions from a somewhat different point of 
view. 


494 


fs 


the course of financing their credit opera- 
tions, I shall focus on the decisions the firm 
must make ei the time of ordering, regarding 
both the volume of goods to be imported and 
the amount of forward exchange cover to 
obtain, and shall ignore completely the way 
in which tke firm actually finances these 
imports when payment later falls due. I am 
thus not directly concerned with the familiar 
leads and lags of commercial payments. 


I. The Behavior of the Firm 


Opponents of flexible exchange rates typi- 
cally assert that exchange uncertainty would 
have a harmful inhibiting effect on world 
trade. Forwerd markets, they claim, would 
not meucralice this because (a) only com- 
parative_y few currencies have well-devel- 
oped forward markets across a wide spec- 
trum of macurities, and (b) even a well- 
developed forward market cannot eliminate 
all risk since “.. . changes in the.exchange 
value of currencies are liable to affect mer- 
chants in two different ways—through bring- 
ing abou: a change in the amount payable or 
receivable in terms of their own currency and 
through bringing about changes in the prices 
of the gcods exported or imported in terms 
of their own currency” (Paul Einzig, pp. 
53-54). Some also claim that (c) forward 
cover often involves substantial extra cost, 
or a “riss premium.” In this paper I shall 
ignore completely the first problem and as- 
sume that the firm always has recourse to a 
well-developed forward market for the rele- 
vant date. 

Consid2r now the situation of a typical 
importing firm. Since I wish to examine the 
implications of exchange uncertainty, I shall 
assume that the firm possesses certain knowl- 
edge about all other facets of its operations. 
The firm mus: decide now on the volume M 
of imports and on the amount of forward 
cover, supposing that the price of the im- 
ports is denominated in foreign currency, and 
that both the goods will arrive and payment 


. 
7 f . * 
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will fall due in, say, ninety dzys.? If a denotes 
the proportion of the import bill for which 
cover is obtained, the cost in terms of do- 
mestic currency for the goods ninety days 
hence will be MQ[aRr+(1—a)R] where Q 
denotes the foreign price of imports (known 
when the contract is made), Rr the present 
forward exchange rate, and R the value of the 
spot rate relevant when payment falls due. 
The cost in domestic currency of value-added 
by the firm will be denoted by V(M}, and I 
shall suppose that the firm faces increasing 
marginal costs, that is, both V’ and V” are 
positive. I shall assume V (M) is known to the 
firm at the time it orders, and so independent 
of any exchange risk. If P denotes the aver- 
age price in domestic currency which the firm 
receives for its product, its profit will be 
given by 


(1) «(M,a) = PM — V(M) 
— MQ\oRr + (1 — a)R] 


The firm is free to decide on M and a, and it 
wishes to make r as large as possible.’ 

The firm is subject to exchange uncer- 
tainty both through the domestic cost of its 
imports (if ax1), and through the size of P. 
The actual way in which P depends upon the 
exchange rate will be determined by many 
factors: the market structure in which the 
firm operates; the policies of its competitors; 
the sensitivity of demand for its product to 
the exchange rate; the length of time be- 
tween orders; the extent to which consumers 
anticipate price changes; etc. At one ex- 
treme, if the firm were in a situation where 
all competitors ordered at the same time for 
the same horizon and if demand were insen- 
sitive to the exchange rate, P would be deter- 


2 If a domestic futures market happens to exist for its 
product, the firm must also decide on its sales of futures. 
This will be ignored in what follows. 

3I am following convention in supposing that the 
firm is interested in profits in terms of domestic cur- 
rency rather than in terms of some portfolio of curren- 
cies, or some noncurrency standard. As pointed out by 
Kenen, this can be unrealistic. Also I shall follow con- 
vention by ignoring past commitments, which can now 
be taken as given. This problem is, however, discussed 
by S. C. Tsiang, and see also Kenen, p. 151. 
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mined simply by the aggregate level of in- 
dustry imports, independently of the be- 
havior of the exchange rate after the goods 
are ordered. On the other hand it is not diff- 
cult to show that in a competitive market 
where price, marginal cost, and average cost 
are equal, P will move pari passu with R 
when given time to adjust (which could be | 
very little if customers with perfect foresight 
quickly react). I shall express the dependence 
of P on the exchange rate by the hypothesis 


(2) P = P°+y7(R—R)Q 


where P? js a constant, 1>y>0, and R 
denotes the expected value of the random 
variable R. Three points should be made 
about this formulation. First there is no 
reason to restrict attention to competitive 
firms, so that P (and Q for that matter) 
might reasonably be considered to be influ- 
enced by M as well as by the exchange rate. 
I have not added this complication since it 
seems unlikely to yield very much, espe- 
cially as V already depends on M in a non- 
linear fashion. Second, one would expect P 
to be sensitive not only to the spot rate when 
payment is due, but to the behavior of the 
exchange rate from the time the order is first 
placed until the last unit has been sold. Thus 
an optimal strategy could involve dealing 
simultaneously in a spectrum of forward 
maturities. I have instead adopted the form 
in (2) because of its simplicity and because 
it also seems closer to how firms actually be- 
have. A third assumption implicit in (2) is, 
however, less compelling. By taking y as a 
constant known to the firm I am in effect ` 
abstracting a situation where firms\ uncer- 
tainty about exchange rates dominates their 
uncertainty as to how a change in the ex- 
change rate would affect them. This assump- 
tion glosses over an essential aspect of the 
problem and will therefore be dropped in the 
next section, but I shall make it now because 
it does seem reasonable for at least some 
cases, it leads to particularly simple results, 
it better enables me to link my results with 
the standard literature, and it will turn out 
to be a convenient basis on which to dichoto- 
mize the conclusions of this paper. 

The firm then will choose M and @ in such 


496 THE AMERICAN ECONOMIC REVIEW 


a way as to maximize EU(P°M—V(M) 
— MO|aRp+(1—a)R—y(R—R)]), where E 
denotes mathematical expectation and U is 
a Von Neumann-Morgenstern utility func- 
tion. I shall suppose that U is increasing and 
strictly concave, so that the firm is risk 
averse in the sense that it will always prefer 
a certain return to a fair gamble yielding the 
same expected return. Then if F denotes the 
distribution function of R and if differentia- 
tion can be taken under the integral, the 
first-order conditions for a maximum give: 


aEU _ 
=|P°—V'(M) —-Q(aRr+yR) JEU’) 


aM 
—(1-a—y)QE(RU"') =0 
and 
dEU 
oe! Í QM(R — Rr)U'(n)dF 
ða G 


= QOM|E(RU’) — RrE(U')| = 0 


Now the second condition implies E(RU’) 
== RreH(U’) which substituted into the first 
condition yields 


(3) VM) = P’ — QWR + (1 — y)Rrl 


_ The distinctive feature about (3) is that it 
does not depend upon the utility function U. 
The amount M* that the firm will order (that 
is, the solution of (3)) is entirely independent 
of the firm’s attitude towards risk, which is 
relevant only to the choice of the amount of 
forward cover to obtain. (Of course, M* may 
possibly depend upon merchants’ overall 
attitudes towards risk in the general equi- 
librium sense that the aggregate net demand 
for cover helps to determine Rr.) 

It will be convenient to now look at the 
typical firm’s problem from a mean-standard 
deviation point of view.* That is, I suppose 
now that the firm looks only at the expected 
value E, of profits and at g, their standard 
deviation. The risk averse Orm prefers higher 
values of E and lower values of ø. It follows 


‘The more important results of this section follow 
from (3) and so do not depend on mean-standard devia- 
tion analysis. But its use is expositionally convenient 
and will facilitate comparison with the next section’s 
results, which are not so easily generalized. 
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from (1) that 
(4) E, = P°M — V(M) 
—[(1— Rr + yRIOM 
+ (1 — a — y)(Rr — R)QM 
and 
(5) o = (1 — a ~ y)QMor 


where ep denotes the standard deviation 
of R’ 

It is apparent from (5) that the firm can 
set e egaal to zero by covering to the extent 
a=1—4. Indeed such a policy will always 
remove all exchange risk entirely for then 
the effect of an exchange rate variation on 
the damestic value of the payment due for 
imports will always be matched by an equal 
and opposite effect on the proceeds of do- 
mestic sales. It is clear from (4) that if the 
firm sets e= 1—y it will maximize E+ by also 
setting M = J/*. Then setting a below 1—y 
(if Re> R) or above 1—y (if Rr<R) will 
increase botk E- and ø. Indeed they change 
in a lineer fashion, as substitution of (5) into 
(4) gives 


(6) E, = PPM — V(M) 
— [K1 — yY)Rr + yR|QM 
Rr—R 
+ — oe 
OR 


The fact taat U does not appear in (3) 
implies that such a policy is efficient: if a 
firm has W =M*, then it can assure itself of 
a higher prof- by setting M = M* and cover- 
ing appropria-ely. The situation is illustrated 
in Figure 1. Foint 4 corresponds to M = M* 
and a=1—-. The curve =Q gives the com- 
binations of E, and o that correspond to 
various levels of M ifa=0; M = M* at point 
B. Similar curves could be drawn for other 
values of x. The straight line through A and 
B is the envelope of these curves and the 
graph of (6) and represents all efficient alter- 
natives; M=M* everywhere on this line 
and æ falls as ane goes from A to B, œ being 
negative beyond B. If Rr=R the line AB 


5 Henceforth in this paper I assume Rr>R. The case - 
Rre<R can be handled symmetrically. 
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will be horizontal, so that every risk averse 
trader will assume a riskless position and 
cover to the extent a=1— y; Es cannot be 
increased by assuming added risk. 

The above “separation theorem” provides 
a justification for the conventional method of 
analyzing the behavior of participants in the 
forward market. The firm can be thought of 
as decomposed into a “pure trader’ who 
imports M* and always covers his order (not 
complete:y, as is commonly supposed, but to 
the extent 1 —y; this distinction will turn out 
to be significant) and a “pure speculator” 
who accounts for the difference between a 
and 1—y. But a slight qualification is neces- 
sary. It is apparent from Figure 1 that the 
firm’s behavior could involve a<0, that is, 
forward sales of foreign exchange. Such be- 
havior would be overtly speculative and so 
could quite well involve greater cost,‘ that is, 
the relevant forward rate could be lower than 
_ Rr, a8 wis negative. In this case the efficient 

frontier becomes ABCD. Along AB the firm 
imports M* whereas beyond C the size of M 
equals the solution of (3) for that value of Rr 
relevant when a<0. Between B and C the 
roles of the volume of imports and amount of 
cover specified in the separation theorem are 
precisely reversed: a=0 always but the level 
of M depends upon the firm’s attitude to- 
wards risk, that is, the level of imports rather 
than the degree of forward cover furnishes 
the vehicle for speculation. 

Let M’ denote the solution of V’(M) 
= P°— RỌ. I shall call M” the efficient level 
of imports since, as is clear from (3), M* 
= M” if the forward rate accurately reflects 
expectations about the future spot rate, that 
is, if Rr=R. The possible divergence of the 
forward rate from the expected future value 
of the spot rate, as well as from interest par- 
ity, 1s a prominent feature of the modern 
theory of forward exchange as developed by 
John Spraos, Sho Chieh Tsiang, Egon 


t Einzig emphasizes, pp. 104-06, the reluctance of 
banks to provide forward facilities for overt specula- 
tion, and Grubel reports, p. 102, that New York banks 
require a 10 percent margin deposit. Depending on the 
size and circumstances of the firm, Rr may or may not 
be relevant for forward activities thai run counter to 
the firm’s trading pattern. 
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FIGURE 1 


Sohmen, and others (see Herbert Grube! for 
a convenient treatment), and is important 
for a number of results (see Kenen for ex- 
ample). Merchants frequently asx their 
bankers whether forward cover currently 
seems advisable, and in general behave as 
though they do not take the current forward 
rate as the best estimate of the future spot 
rate. Many would argue that market forces 
would more likely cause Rr and R to coin- 
cide (with each other as well as with interest 
parity) under a system of freely floating ex- 
change rates than under one featuring an 
adjustable peg.” Be that as it may, this is 
quite beyond the scope of the present paper, 
which will be confined to the implications of 
the relation between Rp and R. 
Differentiation of (3) leads to 


dM* /aP ae 
o Sa (g 0e) / v0) 








7 Very briefly, the argument is that if monetary 
policies should cause domestic and foreign interest rates 
to differ, then, under a system of floating rates, arbitrage 
would cause the exchange rate to steadily appreciate or 
depreciate at a rate to compensate for the difference, 
thus causing the expected future spot rate, the ir terest 
parity level, and the actual forward rate to coincide. 
Under a pegged system the threat of central bank inter- 
vention could make a steady change in the spct rate 
seem less likely, thus causing the expected future spot 
rate to differ from the interest parity level, with the 
actual forward rate falling somewhere in between the 
two. 
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Thus, if Rr> R, M* will exceed or fall short 
of the efficient level of imports depending 
upon whether ð P?/ðRpr is greater than or less 
than (1—7) Q. 

Sohmen has argued that a premium on 
forward exchange should not be regarded as 
a risk premium because “... traders who 
have assumed commitments to pay in foreign 
currencies have to pay more for forward than 
for spct exchange, but other traders who sell 
their expected foreign exchange receipts for- 
ward receive more in exactly the same pro- 
portion. For commercial trade as a whole, 
forward coverage can consequently not be 
said to be more expensive than spot transac- 
tions” (p. 108). If,'as Sohmen assumes, all 
trade is always fully covered, the forward 
rate is the only relevant exchange rate and, 
as everyone faces the same forward rate, it 
can hardly cause distortions in the pattern 
of trade. But when complete covering is not 
the universal practice, any departure of Rr 
from the expected future value of the spot 


rate necessarily causes inefficiency. This 


point can be further brought home by also 
considering a foreign importer of domestic 
goods who must pay for them on delivery in 
domestic currency. The analog of (3) for him 
is 


W(X) = P*— [5ta =| o 


where X denotes the volume of exports, Q* 
their domestic price, W foreign value-added, 
and P* and y* the foreign counterparts to P’ 
and y. Then the ratio of the domestic price of 
imports (before value-added so that the 
goods are comparable internationally) to the 
domestic pzice of exports is [Rr(1—y)+ Ry] 
Q/Q*, and the foreign relative price of the 
same two goodsisQ/Q* [(1—y*)/Rety*/R |. 
If Re#Æ#R these two relative prices will be 
equal only in the extreme case where y and y* 
stand in a certain unique relationship with 
each other. The usual comparative cost argu- 
ment then implies that the volume of inter- 
national trade 1s not such as to obtain all 
possible gains. Although the total volume of 
commercial activity need not be affected by 
a divergence between the forward rate and 
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the expected future spot rate, in as much as 
firms selling foreign exchange are influenced 
in the -everse sense to firms purchasing for- 
eign exchange, as pointed out by Sohmen, 
the composition of trade will become less 
efficient. Tais is because effective relative 
prices in the two countries will be driven 
apart when they are sensitive to both Rr 
and PR. 

It is -mportant to realize that this distor- 
tion is due entirely to a divergence between 
the forward rate and the expected future spot 
rate. Rapid oscillations of these exchange 
rates, Zor example, have no such effect pro- 
vided ihat the forward rate always reflects 
expectations about the future spot rate. Also 
increased uncertainty about the future be- 
havior cf R has no effect. An increase in gp, 
for example, will not influence the volume of 
physicel trade but only the amount of for- 
ward cover demanded. But will not an in- 
creased demand for cover on the part of 
merchants atfect Rr and thus indirectly in- 
fluence the volume of trade? This is not 
likely, because domestic and foreign importers 
and exporters will all demand more cover so 
that the result will largely consist of an in- 
creased volume of forward exchange con- 
tracts at the same exchange rate. 

It weculd be of interest to investigate how 
the demand for imports and for forward 
cover respond to changes in risk associated 
with foreign exchange, as represented by op, 
and to changes in the forward rate. Now it is 
clear from (3) that the level of imports M* 
will be completely unaffected by changes in 
er, Or in eny parameter of the distribution 
function >f R other than R. From (4) and (5) 
the slope cf tne line AB in Figure 1 is equal 
to (Rr—)/cr. Thus, since (4) implies £, is 
independant cf og when a=1—y, changes in 
or result in a pivot of the line AB about the 
point A, as lcng as Rr#R. Any risk averse 
merchant who does not assume the riskless 
position c=1—y will necessarily be moved 
to a higker indifference curve by a decline in 
or, although the level of imports remains 
unchanged. What about the demand for for- 
ward cover? Since M and Q remain un- 
changed, tke cemand for forward cover must 
change in the same proportion as does a. 
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From (4) E, will be unaffected by a change in 
or if œ remains constant. It follows therefore 
that a decline in og will always result in a 
decline in the demand for forwérd cover as 
long as merchants do not display increasing 
risk aversion to the extreme extent that an 
increase in wealth is devoted entirely to re- 
ducing risk o and not at all to increasing 
Ze 

Most writers have assumed that a rise in 
Rpr will cause a fall in both the demand for 
imports and the demand for cover, and many 
results in the literature depend on these as- 
sumptions.’ From (7) it follows that a rise in 
Rr causes a decline in M* if, and only if, 
6P9/dRre<(1—yY)Q, that is, if, and only if, 
the rise in Rr does not induce a large enough 
rise in P to increase the profits of a pure 
merchant assuming the riskless position 
a= |—y. This is true regardless of the firm’s 
actual covering policy. I leave it to the inter- 
ested reader to investigate the remaining 
implications of a change in the forward rate. 


II. Uncertainty Regarding the Firm’s Position 


In the previous section I assumed that the 
typical firm, although uncertain about the 
future level of the exchange rate, knew what 
its own profit would be for any value of that 
rate. This was admittedly unrealistic for 
many cases, and indeed evades an important 
issue in the literature. Einzig, for example, 
states “Even a conservative merchant is not 
in a position to safeguard himself fully 
against the indirect effect of the exchange 
movements, for the simple reason that he is 
not in a position to foresee the exact extent 
of that effect....As a result the hedging 
operation assumes a Semi-speculative char- 
acter” (p. 56). In this section I assume that 
y is itself a random variable, distributed 
independently of R. 


8 Such extreme exceptions wil be ruled out if the 
mean-standard deviation approach is justified by means 
of a quadratic utility function. 

? The negative relation between Rr and imports fol- 
lows from the conventional assumption that all mer- 
chants always cover completely (as well as an implicit 
independence of P from R), but that between Rr and 
the demand for cover, as Sohmen points out, p. 86, does 
not. 


4 
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It follows from (1) that 
(8) E, = PM — V(M) 
— [0 — Rr + 7RIQM 
+ (1 — a — 7)(Rr — R)QM 


where 7 denotes the expected value of y. Also 
(9) o= QM[(1 — a — 7)? + oyl"or 


where of denotes the variance of y. 
Substitution of (9) into (8) gives 


(10) E, = P°M — V(M) 
—((1—7)Rre+7RIQOM 
(1 — a — 7)(Rr — R) 


fies DMR een te kha ae 
t C a tar 

In order to delineate the efficient frontier 
of choices available to the firm, maximize 
E- subject to the constraint that o be equal 
to some arbitrary value. After some maripu- 
lation the first-order conditions for this prob- 
lem reduce to 


(11) VM) = P — [1 — 7)Rr + FRIO 
B (Re — R)Qe, 
(1 — a — 7) 


Now the crucial feature of (11), as con- 
trasted with (3), is that it involves the pro- 
portion of cover a as well as the level of im- 
ports. The separation theorem of Section I 
is no longer true; the firm’s attitude towards 
risk will help to determine both M and a. 
Thus when there is uncertainty as to how the 
individual firm will be affected by the ex- 
change rate it is no longer possible to ficti- 
tiously decompose the firm into a pure trader 
and a pure speculator. 

Equations (8), (9), and (11) give direé 
equations in the four unknowns M, a, e, and 
E,. Their solution in terms of E; and g is the 
efficient frontier. Solving these equations 
ultimately leads to the derivatives shown in 
equations (12), (13), and (14). Also dif- 
ferentiation of (12) leads to equation (15) 
which shows that the efficient frontier is 
strictly concave. 
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do oR | (l-a-—¥) 
(13) dM OoOO -Bat-en tt OoOo >0 

de (Rr — R)o’Qor[(i — a — 7)? + e] + (1 — a — 7)V"M 
(14) da a = Tga- pa — &— D + o) y” <0 

de (Re ~ R)Q*oren[(1 — a — F) + à] + (1 a — PMY” 
(15) dE, _ dE, | oy re 

do? do (1—a-— 7) |1- a- 7} + gt] do 
; 2 2.1/2 —, 2? 2 
(16) dM da ((1—a—7) +0) lalRr— Ro Q- MOa- y) vV”] 
a n 


The efficient frontier is depicted by the 
solid line through C and D in Figure 2. The 
dotted line through A and B is a reproduc- 
tion of Figure 1 and represents the efficient 
frontier in the deterministic case where y is 
a parameter with known value equal to y. 

Equations (13) and (14) reveal that a 
movement along the efficient frontier from 





Figure 2 


dc | do on(Rr — BØE — a — 7)? +o] + MV"(1 — a — 70 


C to D and beyond corresponds to an in- 
creasing level of imports M and a decreasing 
proportion of forward cover a. Thus, there 
is in a sense a tradeoff between mercantile 
trade and forward cover, with the more spec- 
ulative fzms both importing more and cover- 
ing less (proportionally) than the more con- 
servative. Will the more speculative firms 
demand less forward cover absolutely? From 
(13) and (14), we may derive equation (16), 


- which has the same sign as the numerator 


term in brackets. If Rr># this term is neces- 


sarily pesitive when M is near zero (and thus 


a near 1—7) but is necessarily negative when 
a becomes small. Thus, moving along the 
curve in Figure 2 from C to D and beyond 
would cause <he total demand for forward 
exchange to first rise and then fall; the more 
speculative firm could have either a larger 
or smaller der.and for forward exchange than 
the more conservative. 

Compacison of (11) and (3) reveals that 
the solution of (11), Ma), is strictly less 
than M*, with 


lim M(a) = M* 


eo W 


if (3) reflects the case where y is assumed to 
have the value y with certainty. Thus, un- 
certainty about how future profits depend on 
the future exchange rate must reduce the 
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level of imports, regardless of the firm’s at- 
titude towards risk." 

Equation (12) implies that dE,/de be- 
comes arbitrarily large as a approaches 1—7, 
and every firm will accept some risk. Indeed 
the riskless position implies that the firm 
imports nothing, which entails a certain loss 
if there are fixed costs. This inability of the 
merchant to remove all exchange risk is an 
important distinction between the present 
treatment and the rest of the literature (in- 
cluding Section I), and is crucial to a con- 
sideration of the effects of floating rates on 
trade. 

Comparison of (12) and (8) reveals that 
the efficient frontier when y is a random vari- 
able is asymptotic, as æ becomes small, to 
the efficient frontier when y is known with 
certainty. Thus, if there is serious uncer- 
tainty about y the analysis of Section I gives 
a good approximation to the behavior of the 
highly speculative firm, a bad approximation 
to that of the very conservative firm. 

Section I showed that uncertainty about 
the future exchange rate would reduce the 
volume of imports by an amount dependent 
upon the degree to which the forward rate 
exceeds the expected future spot rate, inde- 
pendently of attitudes toward risk, volatility 
of the spot rate, etc. Now uncertainty about 
how the firm’s profits depend upon the future 
spot rate will reduce imports still further, 
depending upon the willingness of the firm 
to assume risk. To focus more clearly upon 
this second factor it is instructive to examine 
in some detail the situation in the important 
case where the forward rate accurately re- 
flects expectations about the future value of 
the spot rate. If Rr =R then from (10) it fol- 
lows that E» is independent of a, and that 
E, will be maximized by ordering M’, where 


10 Contrast this result witk the theory of optimal 
growth, where uncertainty about the future may either 
increase or reduce savings, depending upon the response 
of the degree of risk averseness to changes in wealth. 
See Leonard Mirman for example. In the case where 
the expected value of the future spot rate exceeds the 
current forward rate, movements along the efficient 
frontier in the direction of higher values of E, and e 
imply that M again increases towards M* and that «œ 
increases beyond 1—7. 
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V'(M’) = P®—OR. Then, from (9), it follows 
that e can be minimized for any level of im- 
ports by setting a=1—/y. The firm can fur- 
ther reduce risk, at the cost of lower expected 
profit, by importing less than M’. The re- 
sulting efficient frontier is depicted in Figure 
3. At point B, M=M’' and a=1—7, while 
moving from B towards A reduces M, a 
remaining equal to 1—y¥. 

The situation now is in a sense exactly 
dual to that of Section I. Every firm will 
always cover to the extent a=1—~y whereas 
the size of its order will reflect its attitude 
towards risk. 

Since M will fall short of M’ for conserva- 
tive firms and will not exceed M” in any case, 
it is clear that the effect of uncertainty con- 
cerning y will be to reduce the volume of 
trade. But in contrast to the effect in Section 
I of a divergence of Rr from R, this need not 
be indicative of inefficiency. Uncertainty 
about y reflects ignorance of basic economic 
parameters and should therefore influence 
the allocation of resources. 

Equation (9) implies that c=QMonrcy, if 
Rr=R and a=1—7. Thus increasing either 
oy Or or will shift point B horizontally away 
from the Æ, axis, since Er will not be affected 
for any given value of M. This will almost 
certainly reduce the level of imports. (Note 
also that in this case the effect of such in- 
creased uncertainty would be to lower, rather 
than raise, the forward demand for foreign 





FIGURE 3 
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exchange.) This analysis could thus be used 
in an argument against floating rates if one 
believed that such a system would unjustifi- 
ably raise oy as a result of destabilizing spec- 
ulation, etc. Defenders of floating rates, on 
the other hand, would perhaps assert that 
such rates would be likely to cause Rr to 
more closely approximate R, thus raising 
efficiency, that or would not likely rise, and 
that even if it did, the experience of firms 
under different values of the exchange rate 
would soon cause a (partially) compensating 
fall in cy. 

This analysis of the firm could be used in 
a model of the determination of the equi- 
librium spot and forward rates. If the firm is 
regarded as typical of the aggregate, the 
above analysis would give a net demand for 
lorward exchange on the part of trader- 
speculators as a function of Rr and a net 
demand for spot exchange determined by 
past uncovered commitments. The model 
would be completed by adding a net demand 
for forward exchange and corresponding 
supply cf spot exchange on the part of inter- 
est arbitragers as a function of Rr/Ro (for 
given interest rates). There is no point to 
spelling out such a model in detail here, as it 
would differ in no essential way from what is 
already found in the literature (see pp. 97-99 
of Sohmen, for example). The equilibrium 
' spot and forward rates simultaneously deter- 
mined by such a model would turn out to be 
stable if an increase in the forward rate Rr 
calls forth an increased net supply of forward 
foreign exchange. It is worth remarking that 
the above analysis implies that this condition 
will almost surely be met near the equilib- 
rium if the equilibrium forward rate closely 
approximates the expected value of the fu- 
ture spot rate, and if the arbitrage schedule 
has the conventional shape (see Grubel for 
example). For an increase of Rp above R will 
almost certzinly reduce M and must reduce 
œ below 1—7. But when Rr differs from R, 
traders’ responses to a change in the forward 
rate are more ambiguous, as was pointed out 
in Section I. i 


III. Concluding Remarks 


The foregoing analysis was conducted on 
the basis of the convention that payment is 


` 
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stipulated in the currency of the exporter. If 
instead payment were denominated in the 
importes currency the basic results would 
not be aifected in any essential way. The 
exporter would now assume the direct ex- 
change zisk whereas the importer would be 
subject zo the indirect exchange risk via the 
feedback effect on his revenue. 

It is possitle, however, to also consider the 
exporter as being subject to a feedback ex- 
change risk. Variations in the exchange rate 
sometimes acfect the cost of production of 
goods tke merchant has contracted to de- 
liver at a stipulated price. For example 
Einzig claims: 

... export trade is not altogether free 

from the indirect effects of exchange 

movements, especially in countries 
whose currencies are susceptible to suf- 
ficiently wide fluctuations to react on 
the internal price level. Thus during the 
non-s-op post-war inflation it was risky 
for British exporters to sell, manufac- 
tures for future delivery—even if they 
covered themselves against the exchange 
risk by selling forward the currency pro- 
ceeds—for the simple reason that a de- 

valuation cf the pound might cause a 

sharp rise in the British cost of produc- 

tion in terms of sterling. [p. 54] 


But I shail noz analyze this situation because 
it seems to be of much less practical impor- 
tance than the indirect exchange risk faced 
by impor-ers and because it also seems un- 
likely to lzad zo very different results in any 
case. Also repercusions of exchange rate vari- 
ations would cause changes in the production 
costs of all domestic firms irrespective of 
whether they were engaged in export trade 
or not, so it might also be more difficult to 
construct a model that focused solely on the 


additional risks faced by a firm engaged in 


foreign trade. 

One might also wish to consider the longer 
term proolem of the effect of exchange risk 
on the level of investment in firms engaged 
in foreign trade and on their expected long- 
run streams of earnings in terms of domestic 
currency.!! The present method of analysis 
can be extended to a formalization of this 


" See Clark. for an interesting investigation along this 
line. 
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question without great difficulty, and the 
basic conclusions do not appear likely to be 
much affected. 

The most important conclusions of this 
study are as follows. (i) To the extent that 
firms know how their revenues depend on the 
future exchange rate, exchange uncertainty 
influences only the degree sË forward cover 
and not the level of trade. (ii) The pattern of 
trade will be inefficient to the extent that the 
forward rate does not accurately reflect 
merchanis’ expectations cancerning the fu- 
ture behavior of the spot rate. (iii) Uncer- 
tainty as to how the firm’s revenue depends 
upon the future exchange rate will cause the 
level of trade to become sensitive to exchange 
uncertainty, will reduce the level of trade, 
and will increase the terms of the tradeoff of 
expected profit for a reduction in risk. The 
more speculative the firm, the less significant 
these factors will be. (iv) If the forward rate 
accurately reflects merchants’ expectations 
concerning the future spot rate. then firms’ 
attitudes towards risk will be reflected in the 
level of trade and not at all in the proportion 
of forward cover. (v) The more closely the 
forward rate reflects merchants’ expectations 
of the future spot rate the more likely it is 
that the activities of traders will contribute 
towards the stability of the spot and forward 
markets for foreign exchange. 
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ANNOUNCEMENT 


NOTICE TO ALL GRADUATE DEPARTMENTS 


The December 1973 issue of the Review will carry the seventieth list of doctoral dissertations in political economy 
in American universities and colleges. The list will specify doctoral degrees conferred during the academic year 
terminating June 1973. This announcement is an invitation to send us information for the preparation of the list. 
This announcement supercedes and replaces a letter which was sent annually from the managing editor’s office. 


The Review will publish in its December 1973 issue the names cf those who wili have been awarded the doctoral 
degree since June 1972, the titles of their dissertations, and, if possible, a brief (73-word) summary of the dissertation. 


By June 20, please send us this information on 3X5 cards, conforming to the style shown below, one card for each 
individual. Please indicate by a classification number in the right-hand corn2r the field in which the thesis should be 
classified. The classification system is that used by the Journal of Ecowomic Literature and printed in every issue. 


JEL Classification No. ——__.. 
Name: LAST NAME IN CAPS: First Name, Initial 


Institution Granting Degree: 
Degree Conferred (Ph.D. or D.B.A.) 
Dissertation Title: 


ft 
Summary 


Summary may be completed on back of this card or on new card which should be stapled to this. 





When degrees in economics are awarded under different names, such as Business Administration, Public Adminis- 
cration, or Industrial Relations, candidates in these fields whose traicing has been primarily in economics should 
be included. 

All items end information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown 
Universitv, Providence, Rhode Island 02912. 
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NOTES 


Nominations for AEA Officers 


The Electoral College on March 2 chose R. A. Gordon 
as nominee for President-Elect af the American Eco- 
nomic Association in the balloting to be held in the 
autumn of 1973. Other nominees (chosen by the nomi- 
nation committee) are: for Vice President (two to be 
elected), Geoffrey H. Moore, Barbara R. Bergmann, 
Gary S. Becker, and John G. Gurley; for members of 
the Executive Committee (two to be elected), Andrew 
Brimmer, Anne P. Carter, Paul M. Sweezy, and Peter 
A. Diamond. 

Under a change in the bylaws as described in the 
Papers and Proceedings of this Review, May 1971, page 
472, additional candidates may be nominated by peti- 
tion, delivered to the Secretary by August 1, including 
signatures and addresses of not less than 6 percent of 
the membership of the Association for the office of 
President-Elect and not less than 4 percent for each of 
the other offices. For the purpase of circulating peti- 
tions, address labels will be made available by the 
secretary at cost. 


A Group Life Insurance plan for members of the 
American Economic Association and their dependents 
is available through the Smith-Sternau Organization of 
New York. Eligible members may be covered up to 
$50,000 with $10,000 available under age 50 without 
medical zvidence. A descriptive brochure and enroll- 
ment materials will be sent to each member by the Plan 
Administrator of the Smith-Sternau Organization no 
later than June 30, 1973. 


The fourth Congress of the International Economic 
Association, to be held in Budapest, Hungary, from 
August 19-24, 1974, will be open to economists of all 
countries. The local arrangements committee, expecting 
a record attendance from both Eastern and Western 
countries, has reserved 2,400 b2ds. The program com- 
mittee is composed of twelve members from as many 
countries. The general theme of tne Congress, Economic 
Integration: Worldwide, Regicnal, Sectoral, will be 
treated in three plenary sessions on the first two days, 
in five sessions each of ten separate working groups, and 
in two concluding plenary sessicns devoted to reports on 
the proceedings of the working groups. The ten working 
groups will have the following assignments: Measuring 
the degree or progress of economic integration; Sectoral 
Integration: agriculture, transport, energy, selected 
industrizs; Industrial Policy: location, technology, 
multinational firms, competition, and integration of 
product markets; Migration and integration of labor 
markets; International capital movements and integra- 
tion of capital markets; Monetary and Fiscal integra- 
tion; Secio-Political and institutional aspects of integra- 
tion; Integration of less developed areas and of areas on 
different levels of development; Integration by market 
forces and through planning; World Trade and Inter- 
regional Trade: trends and structural changes. 
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A complete set of The American Economic Review 
from September 1939 to date is available as a donation 
to an organizatior, small college, or foreign institution. 
Please contact Mrs. Paul Webbink, 17 Cohawney 
Road, Scarsdale, New York 10583. 








A Seminar-Workshop on Energy, Growth, and Pol- 
lution, sponsored by the departments of geology and 
economics, Ohio University, will be held July 16-18, 
1973. For details, contact R. K. Koshal, 315, Copeland 
Hall, or Workshop Office, 301, Tupper Hall, Ohio Uni- 
versity, Athens, Ohio 45701. 


The National Economists Club, an 850-member pro- 
fessional ecoromists organization, held its fifth annual 
meeting at tne International Club of Washington on 
February 28, 1973, They announce the election of the 
following officers for the coming year: President, Frank 
W. Schiff, Committee for Economic Development; 
Vice Presidents, Nancy H. Teeters, The Brookings 
Institution and Robert R. Nathan, Robert R. Nathan 
Associates; Secretary, Grace Taylor, Loomis-Sayles & 
Company; Treasurer, St. Clair J. Tweedie, American 
Textile Manufacturers Institute. 


New Journal 


Research on Consumer Behavior: An interdisciplinary 
journal will be issued quarterly with the first issue 
scheduled for July 1974. It will contain two sections: 
Articles and Communication Notes. Its purpose is to 
publish empirical research on consumer behavior with 
special emphasis on articles with interdisciplinary con- 
tent or interest. For information as to the criteria for 
articles and communication notes as well as for instruc- 
tions on manuscript format to be used wher: submitting 
articles, write for an RCB style sheet to: Ronald E. 
Frank, editor, Research on Consumer Behavior, The 
Wharton Schocl-W-253, University of Pennsylvania, 
Philadelphia, Pennsylvania 19174. 


A New Series of Economic Research Papers 


United Kingdom government economists have com- 
menced publication of their own series of economic re- 
search papers under the title Government Economic 
Service Occasional Papers. The aim of the series is to 
summarize research work which has beer undertaken 
by UK government economists in the normal course of 
their official work but which is also likely to be of in- 
terest to economists in general. The Papers are pub- 
lished by Her Majesty’s Stationery Office. Single copies 
may be purchased or a standing order for the series as 
issued placed with the official agent of HMSO in the 
United States: Pendragon House, Inc., 899 Broadway 
Avenue, Redwood City, California 94063. 
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The Volunteer Speakers Service encourages American 
experts from the professional, academic, and artistic 
communities to meet with their foreign colleagues or to 
lecture to select audiences while they are traveling 
abroad. American scholars and specialists are cordially 
invited to volunteer as a speaker if they are traveling 
abroad and have sufficient time at any stop to allow for 
programming there or in nearby countries. A Volunteer 
Speaker may be asked to deliver lectures at a university 
or before other selected audiences, to conduct or par- 
ticipate in a seminar or panel discussion, or perhaps to 
attend 2 social event offering an opportunity for in- 
formal contact and the exchange of ideas with foreign 
experts in his field of interest. Interested persons should 
send their travel plans and professional background de- 
tails to: Overseas Speakers Division, ICS/S—US. In- 
formation Agency, Washington, D.C. 20547. 


The National Association of Business Economists will 
hold its next annual meeting at the Plaza Hotel in New 
York City on September 12-14, 1973. Further details 
can be obtained from the Arrangements Chairman: 
John J. Casson, Associate Eccnomist, Brown Brothers 
Harriman & Co., 59 Wall Street, New York, New 
York 10005. 


Each year since 1954 the Council of the Operations 


Research Society of America has offered the Lanchester - 


Prize for the best English language published contribu- 
tion in operations research. The prize for 1972 consists 
of $2,000 and a commemorative medallion. 

The screening of books and papers for the 1972 prize 
will be carried out by a committee consisting of the 
three most recent past presidents of the Society. Nomi- 
nations should be sent to Walter E. Cushen, chairman, 
1972 Lanchester Prize Committee, 6910 Maple Avenue, 
Chevy Chase, Maryland 20015. 


The department of economics of the University of 
Wyoming will sponsor the second annual Bugas Sum- 
mer School Program in Economics during the 1973 Sum- 
mer Session. The visiting lecturers for the session 
include: Ronald .G. Cummings, University of Rhode 
Island, who will offer a course in resource economics 
and Mohamed A. Fl-Hodiri, University of Kansas, who 
will offer 2 course in mathematical economics. The ses- 
sion will be held June 11~August 3, 1973. The Institute 
on Health Manpower Planning will be held in August. 
The exact dates and any information may be obtained 
by writing the Department of Economics, Box 3985, 
University Station, Laramie, Wyoming 82071. 


The Carolina Population Center of the University of 
North Carolina is planning a postdoctoral Summer 
Institute in Population, consisting of workshops for 
sociologists, economists, psychologists, anthropologists, 
and political scientists who are interested in research 
and teaching in the population field, but who need to 
strengthen and broaden their background in this area. 
The Institute will be held four weeks, beginning July 
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30, 1973, Individuals selected to participate will be paid 
a salary, per diem, and travel. It is anticipated that the 
Center for Population Research, National Institute of 
Child Health and Human Development, will support 
the Suxcmer Institute. Please request details from 
Dr. Vaica TkEompson, director, Summer Institute in 


‘Population, Carolina Population Center, University of 


North Carolina, Chapel Hill, North Carolina 27514. 
Telephone: 919+-933-2055. 


The Confer2znce Group on Modern Portugal an- 
nounces £ Workshop on Modern Portugal (1820-1973) 
to be held Occober 10-14, 1973 at the New England 
Center of the University of New Hampshire. Sponsored 
by a grant from the Council for European Studies, the 
Workshop will provide an opportunity for social science 
and history graduate students with an interest in Portu- 
gal to me2t with American and European scholars cur- 
rently engaged in studies of social change in Portugal. 
For detais, wote Dr. Joyce Riegelhaupt, Institute of 
Latin Americana Studies, Columbia University, New 
York, New York 10027. 


A program cesigned to develop new capabilities in 
population dynamics has been announced by the Inter- 
disciplinary Cammunications Program of the Smith- 
sonian Institution. This new effort, called the Interna- 
tional Program for Population Analysis and funded by 
the U.S. Agency for International Development, invites 
members cf the social sciencesand humanities—particu- 
larly those from the “Third World” of less developed 
countries—to tndertake modest studies of contem- 
porary prcblems directly related to the development of 
population policies, Further information may be ob- 
tained by writing for the trilingual Publication No. 
TP-100 (Englisn, French, Spanish) that is available 
from the Intercisciplinary Communications Program, 
Smithsonian Institution, 1717 Massachusetts Avenue, 
N.W., Washingten, D.C. 20036. 


Deaiks 


Howard Bourne, associate professor, Wayne State 
University, Dec. 1, 1972. 

Ragnar Frisch, Oslo, Norway, Jan. 31, 1973. 

Orris C. Herfirdahl, senior research associate, Re- 
sources for the Future, Dec. 16, 1972. 

N. Arno.d Tclles, visiting professor of economics, 
State University of New York, Geneseo, April 10, 1973. 

Leland S. Var Scoyoc, professor emeritus, Bowling 
Green State University, Jan. 7, 1972. 


Retirements 


Benjamin Rove, professor emeritus, social science 
department New York City Community College of the 
City University of New York, Sept. 1, 1972. 

Clarence W. Tow, senior vice president and director 
of research, Fed2ral Reserve Bank of Kansas City, 
Oct. 31, 1972. 
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Visiting Foreign Scholars 


Mrinal Datta-Chaudhuri, Indian Statistical Insti- - 


tute, Delki: visiting professor of economics, University 
of Minnesota, Mar. 1973-Mar. 1974, 


Assaf Razin, Tel-Aviv University: visiting professor 


of economics, University of Minnesota, spring quarter, 
1973. 


Promotions 


Charles R. Chittle: associate professor of economics, 
Bowling Green State University. 

Rolf Craft: associate professor of economics and busi- 
ness administration, Luther College. l 

Raymond J. Doll: vice president and director of 
research, Federal Reserve Bank of Kansas City, Nov. 1, 
1972. 

Paul F. Hass: associate professor of economics, Bowl- 
ing Green State University. 

Roger M. Kubarych: special assistant, foreign depart- 
ment, Federal Reserve Bank of New York. 

Stanton C. Lindquist: associate professor of eco- 
nomics and business administration, Luther College. 

Glenn H. Miller, Jr.: vice president and senior econ- 
onist, Federal Reserve Bank of Kansas City, Jan. 2, 
1973. 

J. David Reed: associate professor of economics, 
Bowling Green State University. 

Sheldon W. Stahl: vice president and senior econ- 
omist, Federal Reserve Bank of Kansas City, Jan. 2, 
1973. 

Donald L. Sternitzke: professor‘of economics, Bowl- 
ing Green State University. 

Frank Zahn: associate professor of economics, Bowl- 
ing Green State University i 


Administrative Appointments 


Fred Abel, U.S. Department of Agriculture: chief, 
Economic Analysis Branch, Implementation Research 
Division, Environmental Protection Agency, Dec. 
1971. 

Dane J. Cox: treasurer, Colby College, Jan. 30, 1973. 

Robert Dockson: chief executive officer, California 
Federal Savings and Loan Assn., Jan. 17, 1973. 

L. Aubrey Drewry, Western Carolina University: 
dean, Co_lege of Business and Applied Science, Marshall 
University, July 1, 1973. 

Paul Gerhardt, National Air Pollution Control 
Agency: chief, Standards Research Branch, Implemen- 
tation Research Division, Environmental Protection 
Agency, Sept. 1971. 

Herbert G. Geyer: chairman, department of eco- 
nomics, Hunter College, City University of New York, 
July 1, 1972. 

Molly K. S. C. Lee: chairman, department of social 
sciences and dean, division of humanities, New York 
Institute of Technology, Sept. 1, 1972. 

. F. K. Levy, Rice University: dean, College of Indus- 
trial Mznagement, Georgia Institute of Technology, 
1972-73. 

Geoffrey H. Moore: vice president-research, National 
Bureau of Economic Research, Feb. 1, 1973. 

Robert W. Pullen: administrative vice president, 
Colby College, Jan. 30, 1973. 
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H. Leslie Robinson: chairman, department of eco- 
nomics and business administration, Elbert Covell Col- 
lege, University of the Pacific, Dec. 20, 1972. 

Marquis Seidel, Back and Sterling, Inc.: chief, Sys- 
tems Evaluation Branch, Implementation Res2arch 
Division, Environmental Protection Agency, Apr. 1972. 

` Gloria M. Shatto, University of Houston: associate 
dean, College of Industrial Management, Georgia Insti- 
tute of Technology, 1972-73. 

Richard D. Teach: associate dean, College of Indus- 
trial Management, Georgia Institute of Technology, 
1972-73. 


A ppoinimenis 


John Adams: instructor in economics and business 
administration, Luther College. 

Fred C. Allvine, Northwestern University: associate 
professor of industrial management, Georgia Institute 
of Technology, 1972-73. 

Scott Atkinson, University of Colorado: economist, 
Implementation Research Division, Environmental 
Protection Agency, Aug. 19772. - 

Uri Ben-Zion, University of Chicago: visiting profes- 
sor of economics, University of Minnesota, Sept. 1972- 
June 1973. 

Brian Bock: instructor in economics, Luther College. 

Patricia Brenner: assistant professor, department of 
economics, Williams College, Sept. 1972. 

John Ciccolo: economist, Money and Finance Divi- 
sion, Federal Reserve Bank of New York. 

James F. Courtney: instructor of industria] manage- 
ment, Georgia Institute of Technology, 1972-753. 

David A. Couts: coordinator of research, Motor 
Vehicle Manufacturers Assn., Detroit. 

John Danforth, Northwestern University: assistant 
professor of economics, University of Minnesota, Sept. 
1972. 

Mark Z. Fabrycy, New York University: professor of 
economics, Wright State University, Jan. 1973. 

Elon Gilbert: visiting scholar, Food Research Insti- 
tute, Stanford University. 

James R. Hibbs, U.S. Department of Commerce: 
assistant to director, Implementation Research Divi- * 
sion, Environmental Protection Agency, Dec. 1972. 

W. Whitney Hicks: visiting associate proiessor, 
Food Research Institute, Stanford University. 

John H. Hoag: assistant professor of economics, 
Bowling Green University. 

Martin E. Horning: instructor of economics, Bowling 
Green University. 

Robert J. Jones, Columbia University: instructor in 
economics, Skidmore College, Feb. 1973. 

Jay H. Levin, Federal Reserve Board: associate pro- 
fessor of economics, Wayne State University, Jan. 1, 
1973. 

Wuu-Long Lin: research associate, Food Research 
Institute, Stanford University. 

John McCracken: economist, Foreign Research Divi- 
sion, Federal Reserve Bank of New York. 

Edward F. McKelvey: assistant professor, depart- 
ment of economics, Williams College, Sept. 1972. 

Bridger M. Mitchell, Department of Health, Educa- 
tion, and Welfare: staff member, economics depart- 
ment, The Rand Corporation, Nov. 1972. 
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Madlo Peinado, Utah State University: associate 


professor of agricultural economics, Elbert Covell Col- 
lege, University of the Pacific, Aug. 16, 1972. 
Henry M. Peskin: research associate, National 
Bureau cf Economics Research, Dec. 1972—Dec. 1973. 
James L. Plummer, U.S, Embassy, Bogota, Colombia: 


economist, Environmental Protection Agency, Imple- 


mentation Research Division, July 1972. 

Robert Reck, University of Maryland: economist, 
Implementation Research Division, Environmental 
Protection Agency, Dec. 1971. 

Marshall Rose, Xerox Corporation: economist, Im- 
plementatior Research Division, Environmental Pro- 

tection Agency, June 1972. 

' David K. Sandberg: economist, Balance of Payments 
Division, Federal Reserve Bank of New York. 

Richard A. Sandell: associate professor of interna- 
tional business and economics, Elbert Covell College, 
University of the Pacific, Aug. 16, 1972. 

Peter G. Sassone: assistant professor of economics, 
Georgia Institute of Technology, 1972-73. 

Rudolph K. Schnabel: instructor, department of eco- 
nomics, Iowa State University. 

Paul T. Schultz, The Rand Corporation: professor of 
economics, University of Minnesota, Sept. 1972. 

David L. Scott: assistant professor of economics, 
Florida Southern College, Sept. 1972. 

Robert J. Shiller, Massachusetts Institute of Tech- 
nology: assistant professor of economics, University of 
Minnesota, Sept. 1972. 

William L. Stringer: assistant professor of economics, 
Bowling Green State University. 

Dennis Tihansky, The Rand Corporation: operations 
research analyst, Implementation Research Division, 
Environmental Protection Agency, Jan. 1972. 

Henry C. Wallich: senior research associate, Na- 
tional Bureau of Economic Research. 

William Watson, Washington State University: econ- 


omist, Implem=ntation Research Divisi 
mental Protection Agency, June 1972. 


Lecves for Special Appoints 


Garry M. Crane, National Bureau of Sta 
ing economist, Department of Supply : 
Canada, Sept. 1972. 

Paul B. Dowr.ing, University of Californ 
economist, Implementation Research Di 
ronmental Protection Agency, July 1972- 

B. F. Kiker, University of South Car 
professor, University of Edinburgh, Scot! 
1973. 

George rcn F arstenberg, Indiana Unive 
professor of eccnomics, University of Av 
many, fall semester 1972. 

Gary M Wal-on, Indiana University: v 
sor of economics, University of Hawaii, sp 
1973. 


Resignations 


Irving Azerbach, Federal Reserve Bank 
Aubrey G. Lanston & Co., Inc. 

John Buttrick, University of Minnesot 
versity, June 1973. 

Peter Gregory, University of Minnesot 
of New Mexico, June 1973. 

Ralph Hcfmeister, University of Mir 
World Bank June 1972. 

David T. Lapkin, University of Noi 
Chapel Hil., Dec, 31, 1972. 

Richard G. Marcis, Bowling Green Stat 
Federal Nationa: Mortgage Assn., July 19 

Allan P. Rahn, Iowa State University: 
Georgia. 

David E ‘Yanderford, Federal Reserve ` 
York: Towasend & Greenspan, Inc. 
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In honoring Robert Aaron Gordon, we applaud craftsmanship in the service of 
compassion. From his early books Business Leadership in the Large Corporation and 
Business Fluctuations to his recent work on the structure of labor markets, culmi- 
nating in The Goal of Full Employment, he has steadfastly pursued two objectives for 
economics: that it should fit the facts of modern economic life, and that it should 
find ways to improve the human condition. In a time when it was not fashionable, he 
has been the practical man’s theorist, the theorist’s practical man, and everybody’s 
enemy of stereotypes. His contributions to economics include his institutional work 
on the control of large corporations, his theoretical and empirical analysis of bus- 
iness cycles, and his close study of manpower problems. For all of this, we thank him. 





~The 1973 Report of the President's 
Council of Economic Advisers: 
The Economic Role of Women 


By BARBARA R. BERGMANN AND IRMA ADELMAN™ 


The 1973 Economic Report of the Presi- , 
dent devotes an entire ckapter (ch. 4) to 


the economic role of women in the United 
States. In this chapter, the Report recog- 
nizes that economic discrimination against 
women exists and, by the length and 
thoroughness. of the anelysis describing 
its dimensions and conse juences, implies 


that such discrimination constitutes a ` 


serious economic (and social) problem. The 
Report does not attempt to minimize the 
extent to which job segregation, earnings 
differentials, higher unemployment rates 
exist, and the lack of improvement in each 
component over the last few decades. 

As economists, we are particularly 
pleased: to have the official imprimatur of 


an Economic Report on the view that dis- 


crimination does indeed exist. Some econ-' 


omists have the tendency to minimize the 
importance of nonpecuniary forces in 
influencing decisions made within the firm, 
and have been reluctant tc admit the possi- 
bility of discrimination unrelated to real 
or perceived productivity differences. We 
believe that a proper analysis of discrim- 
ination is yet to come; such an analysis 
will have to fuse elemenzs of economics, 
sociology, psychology, and history. Em- 
ployers do refuse to hire women for certain 
occupations. Instead they hire men ex- 
clusively and pay them more than they 
would have to pay women of equal ability. 


* Professors of economics, University of Maryland. 
We would like to thank Carolyn Shaw Bell, Nancy 
Gordon, June O'Neill, Isabel V. Sawhill, and Phyllis 
Wallace for helpful comments on a previous draft. 
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The court records are now full of such 
cases, but such data will never be ex- 
plained on the basis of a model which in- 
cludes in the objective function of the em- 
ployer only monetary profits. Nor can 
models which assume that employers’ de- 
cisions about hiring are based on inborn, 
unchanging, unexplained “tastes” do jus- 
tice to the social forces, both internal and 
external to the firm, which bear on such 
decisions. 

Specifically, it is well known that the 
average woman college graduate who 
works full time all year ends up with about 
the same income as the average male high 
school dropout. The gross earnings differ- 
ential works out to be between 35 and 57 
percent, depending on the data base used 
to make the calculation. The Report puts 
the differential due to discrimination at 
about 20 percent, but this seems low. In a 
recent article, Isabel Sawhill reviewed 
seven econometric studies of male-female 
earnings patterns. In six of them,? the dif- 
ferences which could be attributed to dis- 
crimination were above 29 percent and 
ranged up to 43 percent. The seventh 
study? estimated the difference which 
might be attributable to discrimination as 
12 percent, but arrived at this figure by 
classifying as nondiscriminatory the dif- 
ferences in the distribution of men and 
women among detailed occupations. Since 


1 For a plethora of case materials see K. M. Davidson, 
R. B. Ginsburg and H. H. Kay. 

2 See J. Morgan et al., Victor Fuchs, M. $. Cohen, 
L. E. Suter and H. P. Miller, R. Oaxaca, Sawhill. 

3 See Henry Sanborn. 
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TABLE 1—EMPLOYMENT BY SEX IN OCCUPATIONS CLASSIFIED BY EXTENT 
OF WOMEN’S REPRESENTATION IN 1960 

















(thousands) 
1960 1970 

Occupations in which 
eee were (in 1960) Women Men Total "omer: Men Total 
Underrepresented (0~25%) 2,110 31,231 33,341 3,315 32,436 35,751 
Well represented (25-45%) 3, 503 6,332 9,835 4,470 7,546 12,016 
Overrepresented (45-100%) 15,394 5,863 21,257 20,670 6,930 27 ,600 
Total 21,007 43 ,426 64 ,433 28,455 46,912 75,367 


employers will typically restrict certain 
jobs to men and since this restriction is a 
principal mode of discrimination, a major 
part of the difference in occupational dis- 
tribution must be classed as due to dis- 
crimination. The fact that women in the 
past have not trained for or applied for 
such jobs has been due more to women’s 
realism about the prospects for payoff of 
such training or applications than to 
women’s voluntary embrace of a benign 
“role differentiation.” 

The Report places a great deal of em- 
phasis on the fact that women of a given 
age have up to now averaged less work 
experience than men of that age. This 
emphasis on work experience would be 
justified if experience for women meant 
the same as experience for men, but, un- 
fortunately, it does not. Women typically 
are relegated to jobs in which experience 
adds little to productivity. Consider the 
newly hired junior executive and his 
newly hired secretary. They both may 
have gone to the same college, got the same 
grades, anc even have majored in the same 
subject. But, for him, experience will mean 
learning, increased responsibilities, in- 
creased cortacts, increased self-realization. 
In her case, it is likely that the develop- 
ment of work skills will have ceased in six 
months. The Report documents a strong 
trend towards increase in labor market 
attachment in women of child-bearing age; 


this trenc wil! de little good in decreasing 
the earnings gap unless occupations are 
desegregated. 

The difference _n earning power between 
men and women is an important contrib- 
utor to the incidence of poverty and wel- 
fare dependercy in this country. In 1971, 
40 percent of families “with female head” 
were classified as poor as compared to 7 
percent of families “with male heads.’’4* 
The wages offzred to working women (par- 
ticularly Black women) frequently pro- 
vide incomes clos2 to or below the amounts 
welfare mothers get out of welfare.. 

With respect to job segregation, the Re- 
port indicates (on the basis of an analysis 
of the proportion of women in 197 occupa- 
tions) that wcmea tend to be concentrated: 
in “women’s occupations,” and that there 
has been only a very small change in the 
direction of less segregation between 1960 
and 1970. We heve retabulated the 1960 
and 1970 Csnsus data by occupation 
given in the Report in a way. which shows 
quite graphically the continued occupa- 


4 Some of the famifies with male head are entirely 
supported by women, 30 the diference between 40 and 
7 percent understates the effect of low earnings for 
women on poverty inddence. 

6 The quotatior marks in this sentence convey our 
disagreement with the Census Bureau’s use of the term 
“head.” Census canrot mean by it “highest paid 
worker” sirce any family including a husband is 
classed as being ‘ male headed” regardless of his earn- 
ings. They must mean.“family boss.” 





VOL. 63 NO.4 BERGMANN AND ADELMAN: ECONOMIC ROLE OF WOMEN 511 


tional segregation of women (Table 1). In 
1960, 73.3 percent of the women workers 
were in those occupations in which (in 
1960) women were grossly overrepre- 
sented; in 1970 the proportion was 72.6 
percent. The Report’s index of occupa- 
tional segregation, computed somewhat 
differently, also changed very little. How- 
ever, this fixity of the degree of segrega- 
tion meant a deterioration in the position 
of women, since in 1970 women consti- 
tuted a greater proportion of the labor 
force. In 1960, the women in occupations 
in which women were overrepresented 
made up 23.9 percent of the labor force. 
By 1970, the share of women in these oc- 
cupations to the total labor force had ad- 
vanced to 27.4 percent. These. occupations 
were already relatively overcrowded in 
1960, and as a result, productivity (and 
wages) were relatively low.® This increase 
in the relative size of these occupations 
probably increased the amount of over- 
crowding and further increased the gap 
between productivity in “men’s” and 
“women’s” occupations. This is corrobo- 
rated by the decrease between 1956 and 
1969 in the ratio of female to male earnings 
(from 63 percent to 59 percent), a large 
part of which is due to a relative decline 
in-wages of female clerical workers. 

The Report documents the fact that 
women have generally higher unemploy- 
ment rates than men and that this differ- 
ential has been more pronounced in recent 
years. It ties the worsening trend to the 
relatively large increase in the labor force 
participation of women. We agree that 
the increase in labor force participation 
rate for women is a part of the cause but 
not for the reason given in the Report. 


ê The number.of men in occupations where women 
are overrepresented increased also. This is not inconsis- 
tent with the view that these occupations are over- 
crowded. An occupation which.a college graduate 
woman cannot leave because of limited opportunities 
elsewhere may look relatively good to a male high 
school dropout. 


There emphasis is placed on the fact that 
a person entering the labor force necessar- 
ily has a spell of unemployment while 
looking for a job. While this is true, the 
length of such spells and thus the unem- 
ployment rate is influenced by the number 
of job slots for which women are consid- 
ered eligible as compared with the number 
of women in the labor force. In our view, 
the unemployment problem of women has 
worsened relative to the unemployment 
problem of men for the same reason wage 
differentials have increased: because of the 
segregation of women into “women’s” oc- 
cupations which have become relatively 
more overcrowded due to the relative in- 
crease in the female labor force. 

The Report also indicates that quit 
rates and layoff rates are higher for 
women than for men. The issue of high 
turnover among workers is one in which 
cause and effect are hard to disentangle. 
The common view is that women have 
high turnover and enter and leave the 
labor force more frequently than men be- 
cause of “their (sic) home responsibilities.” 
In fact, of course, women are consigned for 


the most part to jobs that have very little 


interest, opportunity, or pay. Typically, 
women’s.jobs are also those for which there 
is no penalty for high turnover; whether 
one stays or whether one quits and gets an- 
other such job immediately or after an 
interval, the results in terms of pay and 
advancement remain much the same. Men 
who happen to be in this kind of job also 
have high turnover. Women’s relatively 
high quit rates (2.6 percent per month as 
opposed to 2.2 percent for men, uncor- 
rected for occupational differences) are 
seen by some as justifying the exclusion of 
women from good jobs and by others as an 
effect of their exclusion. Some may argue 
that women will have to get over their 
“lesser attachment to the labor force” be- 
fore better jobs will open to them, and 
others may argue that employers will have 
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to open better jobs to women before such 
improvements in women’s turnover can 
be expected. In fact, these two things will 
have to occur simultaneously. 

The Report gives currency to the re- 
cently prominent view that a high turn- 
over rate among women is important in 
explaining their higher unemployment 
rates. This view derives, in our opinion, 
. from a misinterpretation of the undoubted 
fact that all unemployed persons have a 
history of being separated from a job or 
entering the labor force. Both turnover 
and the balance of supply and demand for 
a group’s services affect its unemployment 
rate, but the latter factor is likely to be of 
far greater importance than the former.’ 

There are, in the Report, a number of 
instances which we feel reflect a great deal 
of sociological conservatism. The treat- 
ment of paid work outside the home is an 
example: 


Women work outside the home for the 
same reason as men. The basic reason is 
to get the income that can be earned by 
working. Whether—for either men or 
women—work is done out of necessity 
or by choice is a question of definition. 
If working out of necessity means work- 
ing in order to sustain biologically neces- 
sary conditions, probably a small pro- 
portion of all the hours of work done in 
the United States, by men or women, is 
necessary. If working out of necessity 
means working in order to obtain a 
standard of living which is felt by the 
worker to be desirable, probably almost 
all of the work done by both men and 
women is necessary. [p. 89] 


This passage, while clearly reflecting 
liberal intentions, misses some very im- 
portant reasons why women (and men) 
work. They work not only to contribute to 
the family’s funding for goods and services, 
but for greater personal autonomy in 
spending, for status inside and outside the 


7 See Bergmann for a more extended discussion of 
this issue. 
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family, to occupy themselves in an inter- 
esting way, to meet people, to have the 
excitement of being in. a contest for ad- 
vancement, to reduce the amount of house- 
work they dc, and to get away from spend- 
ing all day with their children. The jobs 
most women. now have tend to fulfill these 
desires to a less satisfactory extent than 
the jobs men now have, but they fre- 
quently fulfill them better than staying 
home would. 

A woman’s work also reduces her own 
financial uncertainty. A working woman 
whose husband dies or whose marriage 
breaks up isin a far better economic posi- 
tion than a similarly bereft housewife in 
terms of experience, entree, contacts, work 
habits, end asset ownership. In this day 
of unstable marriages, a woman who re- 
frains from working during marriage is 
taking a risky position with her own finan- 
cial future and that of her children. One 
year after divorce only 38 percent of ex- 
husbands are in full compliance with 
court-ordered child support payments. 
After five years, the figure drops to 19 
percent.® 

One ot the reasons given in the Report 
for women’s greater unemployment, turn- 
over, and lower wages is that, “A wife sel- 
dom is free to migrate to wherever her own 
prospects are best” (p. 99). This statement 
represents prejudicial past practice and is 
not necessarily the way things will be in 
the future. Although casual empiricism is 
our only source of data on this, it seems to 
us that the practice of considering only the 
man’s career is far less prevalent than it 
used to be. The economic problem of 
couples with specialized job requirements 
is not really going to be an easy one to 
solve. One possibility for professional peo- 
ple is geographic mobility early in life, 
with a postponement of marriage until the 
person has settled into the slot he or she is 


8 See K. Eckhard. 


a 
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willing to occupy from then on. A second 
is lessened mobility throughout life, which 


could not necessarily be to the detriment ` 


of the quality of life in this country. A 
third is the removal of institutional bar- 
riers to joint employment. A fourth is the 
couple’s agreement to move to a location 
where the partner who is weakest in the 
labor market has the best chance. 

Along a similar vein, the Report assumes 
that when women have children there is no 
alternative but to drop out of the labor 
force for a number of months or years. The 
present authors themselves are exceptions 
to this “rule.” Speaking of those higher 
income women who do drop out, the Re- 
port notes “a considerable sacrifice of 
earnings” and infers “that these women 
have therefore placed a very high value on 
the personal attention they can give their 
children” (p. 107). Here again we would 
argue that it is unfruitful to analyze de- 
cisions concerning child rearing as being 
based on unchanging internalized tastes. 
The appearance of Betty Friedan’s book 
seems to have lowered by quite a lot the 
“value on the personal attention (women) 
can give their children.” Some women now 
believe that a lower quantity of personal 
attention measured in terms of time may 
increase the quality of that attention to 
the gain of both children and their parents. 

One outstanding omission in the Report 
is any discussion of changes in the distribu- 
tion of household tasks between husband 
= and wife, an issue which surely goes to the 
heart of the women’s liberation movement. 

The Report asserts there is no practical 
way to assign a market value to the un- 
paid work performed at home, subject it to 
Income tax, and thus to tax it comparably 
with other income and so remove the bias 
in favor of unpaid work at home. This is 
quite untrue. The new deduction for paid 
child care is precisely a move to treat paid 
and unpaid work similarly. (If domestic 
work is performed by a family member on 


an unpaid basis, the value of the service is 
automatically ‘‘deductible,” since it is not 
reported as income.) A deduction for 
salaries for all paid domestic work by non- 
family members would seem to be the 
logical extension. If it is argued that this 
would favor the rich, then the deduction 
could be reduced for higher income groups 
and/or a maximum put on the size of the 
deduction, and further might be made con- 
tingent on all family adults being in the 
labor force or at school. 

In discussing policy with respect to em- 
ployment discrimination, the Repart men- 
tions the many Titles, Acts, and Executive 
Orders which mandate an end to unfair 
employment, promotion, and pay prac- 
tices. It fails to mention that enforcement 
efforts have been almost nil, despite the 
fact that very few if any firms, universi- 
ties, or even government offices are in com- 
pliance. What enforcement efforts have 
been made have raised up loud cries of 
reverse discrimination. 

The present authors are firmly cpposed 
to reverse discrimination and be-ieve it 
unnecessary and undesirable. Given a fair 
shake, there is no doubt in our minds taat 
women can make it to full equality with 
men in the job market. The problem, as we 
see it, is one of how to implement the 
transition to ‘‘sex-blind” hiring practices, 
in the presence of prevalent conscious and 
subconscious discrimination and role cast- 
ing (on both sides of the “hiring hall”). In 
this context, there is much to be said ior 
sensibly administered hiring goals ož a sta- 
tistical nature in preference to mere em- 
ployer statements of good intentions. 
Naturally, we do not mean a 50 percent 
ratio across the board. If, for example, 
women constitute 35 percent of those who 
by objective criteria qualify for a given 
rung of an occupation, they should have 
approximately 35 percent of those jobs, 
especially in large firms whose very size 
makes it possible to assume that depar- 
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tures from the average cannot be explained 
on purely statistical grounds. 

To summarize, the chapter of the Presi- 
dent’s Economic Report on the economic 
role of women is a creditable coverage of 
the data, of the problems, and of the issues. 
It touches almost all the bases one would 
expect. What would have been welcome 
and what is missing is a rather more open 
view of what the problem is, and what the 
future possibilities are for changing the 
economic and social role of women. While 
painting an accurate, reasonably bleak 
picture of existing reality, the Report 
tends to underestimate the possibilities 
and need for social change, and to under- 
emphasize the role of noneconomic forces 
in having brought about the current situa- 
tion. Almost absentmindedly, it ignores 
the transformations in social relations and 
attitudes, and in economic practices which 
seem to be occurring and which must ac- 
celerate if significant change is to occur. 
Unfortunately also, the Report suggests 
very little by way of positive programs. 

We must also point out that, however 
much we are pleased about the attention 
given to women’s problems in the Presi- 
dent’s Economic Report, we deplore the 
fact that the Council has apparently re- 
duced its concern in the social area more 
generally. The issue of unemployment, 
which by legislative history should be the 
Council’s major concern, is given explicit 
attention in two passages which together 
occupy about two pages in the Report. 
One sentence is as much as we could find 
devoted to the economic problems of 
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Blacks. Poverty has disappeared as a sub- 
ject of the President’s economists’ concern. 
We can only hope that next year’s Report 
will show that this omission is temporary. 
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The 1973 Report of the President's 
Council of Economic Advisers: 
A Review 


By CARL F. Curist* 


The Economic Report of the President 
is of necessity a somewhat schizophrenic 
document. This is so because the Employ- 
ment Act of 1946 (which called it into 
being) ordains that it seek to serve two 
purposes that are not entirely compatible. 

On the one hand, it is an apology for the 
President’s economic program, prepared 
by the President and a Council of Eco- 
nomic Advisers appointed by him for no 
fixed term. In this role, it seeks to show 
that the economic policies of the President 
and his party will be successful (and, if the 
incumbent president has already been in 
office for a year or more, have already be- 
gun to be successful) in solving the grievous 
problems created by the foolish mistakes 
made by the other party when it was last 
in power. 

On the other hand, it is a professional 
economic report on the American economy 
and related public policy, prepared by 
three leading professional economists. 
These three economic advisers are chosen 
from among those who have devoted their 
previous careers (and will in all likelihood 
devote their subsequent careers) primarily 
to teaching and/or research in economics. 
In this role, the Economic Report seeks to 
present to the Congress and the public an 
analysis that is competent by the stan- 
dards of the economics profession, describ- 
ing and assessing the present state of the 
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American economy, how it came to be tie 
way it is, and how it can and cannot be 
changed by public policy especially at tae 
federal level. 

I believe this schizophrenia is unavoid- 
able, unless the rules are changed either so 
that the President has no professional 
economists as advisers, or so that an inde- 
pendent body of professional economists is 
constituted and charged with issuing re- 
ports on the economy and public policy 
without being responsible to any elected 
official. Neither of these changes in the 
rules would be desirable. The first would 
deprive the President, the Congress, and 
the public of the competence and disci- 
pline offered by professional economic 
standards. The second would divorce the 
President’s economic advice from the dif- 
ferent but equally important discipline of 
the political arena. 

The 1973 Report, like its predecesscrs 
from 1949 onwards, consists of three very 
different components. The first is the 


. “Economic Report of the President” pro- 
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per, addressed to the Congress and signed 
by the President. Mr. Nixon’s 1973 report, 
like-his 1972 report, is just 5 pages long. 

The second is the “Annual Report of tne 
Council of Economic Advisers,” addressed 
to the President and signed by the Council. 
The 1973 version, by Herbert Stein, chair- 
man, Ezra Solomon, and Marina v.N. 
Whitman, is 174 pages long, including two 
appendices. It is in this second part that 
the schizophrenia is most evident. 

The third is a statistical Appendix, con- 
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sisting this year of 94 tables occupying 113 


pages, giving a wide variety of economic 
data for the United States going as far 
back as 1929. 


I. The “Economic Report of the 
President” Proper 


Mr. Nixon’s report begins with a review 
of the good things about 1972: a 74 per- 
cent rise in real output, a reduction of the 
inflation rate (measured by the consumer 
price index) to about 3 percent from about 
6 percent in 1969, and a reduction of the 
unemployment rate to 5.1 percent in De- 
cember 1972 from 6 percent in December 
1971. But then his report seems to try to 
make the employment gain look better 
than it really is by saying that employ- 
ment “. . . rose by 2.3 million people from 
1971 to 1972, the largest 1-year increase in 
25 years” (p. 3). This is true, but hardly 
- remarkable when one notes that the labor 
force has been growing every year. A more 
correct impression would be given by say- 
ing that the percentage employed rose by 
0.7 points (rom 95.5 to 96.2 percent of the 
labor force), the largest one-year increase 
in 6 years. 

Mr. Nixon’s report sets forth domestic 
goals for 1973: “Output and incomes 
should expand. Both the unemployment 
rate and the rate of inflation should be re- 
duced further, and realistic confidence 
must be created that neither need rise 
again. The prospects for achieving these 
goals in 1973 are bright—if we behave with 
reasonable prudence and foresight” (p. 4). 
And “We must prepare for the end of wage 
and price controls, ...” (p. 6). This is 
reminiscent of Mr. Nixon’s statement in 


January 1969, shortly after taking office, — 


that he would reduce inflation without in- 
creasing unemployment and without im- 
posing wage and price controls. 

One ot the most severe difficulties at- 
tending economic policy today is that the 
public has come to expect government to 
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accomplisn things that are impossible. It 
is unfortunate that Mr. Nixon, by such 
statements as the foregoing, makes this 
difficulty worse. The evidence strongly 
suggests it is not possible for the American 
economy, structured as it has been since 
World War II, to achieve simultaneously 
unemployment rates that remain at 43 — 
percent or less, and consumer price in- 
creases that remain at 24 percent a year 
or less, without. wage or price controls. In 
the 25 years since consumer prices leveled 
off at the end of World War II, this has 
been achieved in only 4 years: 1952, 1953, 
1955, and 1965. See Figure 1. In those 
same 25 yzars, the average unemployment 
rate was 4.8 percent, and the average in- 
crease in consumer prices was 2.4 percent 
a year (these data come from Tables C-24 
and C-5C in the Appendix of the Report). 
Virtually every other industrial country 
finds the same unwanted guest, inflation, at 
the bancuet of full employment. This is 
not to say that there is any long-run trade- 
off between unemployment and inflation: 
Chile, for example, has experienced infla- 
tion rates as high as 80 percent a year in 
recent years, with unemployment rates 
not great_y different from those in the 
United States. On the other hand, several 
European countries, with only slghtly 
more inflation than the United States, 
have had far lower unemployment rates. 

If the American public insists on keeping 
the unemployment rate below 5 percent at 
all times, and on keeping the consumer 
price index from rising faster than 23 per- 
cent at any time, with no fundamental . 
changes in the structure of the economy, 
then wage and price controls will be a 
necessitv. However, no major industrial 
democratiz country has been able to im- 
pose effective wage or price controls in the 
face of substantial inflationary pressure 
without creating black markets, inefh- 
ciency, misallocation, and widespread frus- 
tration. And neither the United States nor 
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any other such country has been willing 
to tolerate controls and their consequences 
in peacetime for very long. Hence the evi- 
dence strongly suggests that it is not pos- 
sible for the present American economy 
simultaneously to keep unemployment be- 
low 5 percent, and to keep consumer price 
increases at or below 234 percent a year, 
even with controls, because the public will 
not tolerate controls and their consequen- 





CHRIST: A REVIEW OF THE CEA REPORT 517 


ces for long. At this juncture, when people 
believe that government can do things 
that cannot be done, we may possibly try 
a system of controls, but we will not main- 
tain it for long. 

It is not clear whether there is a feasible 
change in the structure of the American 
economy that will make it possible to keep 
unemployment below 5 percent and infla- 
tion at or below 23 percent at all times. 
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It has sometimes been proposed (not in 
the Economic Report) that the largest 
firms and unions be required to divide into 
smaller units, with a view to increasing 
the competitiveness of the economy, but I 
know of no persuasive evidence that this 
could accomplish the desired result. Pro- 
posals have also been made for better man- 
power training and job marketinformation. 

In my opinion, it would be far better for 
the President and other national leaders 
to set forth only goals that are achievable. 
Then citizens would be less likely to de- 
mand government actions that they will 
regret later (such as the imposition of con- 
trols), and more likely to try to solve for 
themselves problems that government can- 
not solve for them, and less likely to turn 
out of office able public officials who have 
committed no fault except the failure to 
accomplish the impossible. 

Mr. Nixon’s report goes on to advocate 
his well-known ceilings on federal budget 
expenditures: $250 billion for fiscal 1973, 
and $248 billion for fiscal 1974. (Even with 
those ceilings, projected budget deficits for 
those two fiscal years are $24.8 billion and 
$12.7 billion.)! It urges that government 
spending proposals be examined by asking 
whether they are worth their costs, and 
says “Much Government spending fails 
this test” (p. 4). This is the Report’s only 
advance indication of the large-scale pro- 
gram cuts that have since been unveiled. 

Mr. Nixon’s report then outlines his 
price stabilization proposals for 1973. It 
summarizes Phase III’s easing of wage 


and price controls except in food, con- 


struction, and medical care; asks for a one- 
year extension of the Economic Stabiliza- 
tion Act (which he opposed in 1970, and 
said he did not need and would not use); 


-1 Secretary Shultz announced in May that the faster- 
than-anticipated rise in money incomes and tax reve- 


_ hues since January had led to a decrease in these pro- 


jected deficits to $19.8 billion and $5.7 billion, respec- 
tively. 
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and details several steps already taken to 
increase food supplies: the suspension of 
meat import quotas, the relaxation of 
crop acreage restrictions, the increase in 
allowed _mports of dried milk, the elimina- 
tion of subsidies on farm exports, and the 
allowing of cattle grazing on land that has 
been diverted from crops. (Why were not 
oil import quctas removed at the same 
time, or even earlier, instead of later?) 

The international economic policy sec- 
tion of Mr. Nixon’s report is a plea for the 
international payments reforms proposed 
by the Administration in 1972 (described 
later in zhe Council’s Report), and for sup- 
port for the Administration’s position in 
the prospective trade negotiations of 1973, 
laudably couched here in terms of the 
mutual advantages of free trade and pay- 
ments. 

Mr. Nixon concludes his report with the 
prediction “. .. that 1973 will be another 
very gcod year for the American econ- 
omy.” And that, if we do not exceed the 
increases in federal expenditures that he 
has prodosed, “It can be a year in which 
we reduce unemployment and inflation 
further and enter into a sustained period 
of strong growth, full employment, and 
price stability’ (p. 7). There go those 
pernicicus promises of the unattainable, 
again! 


II. The “Annual Report of the Council 
of Economic Advisers” 


The Councils Report contains five 
chapters, entitled “The 1972 Record,” 
“Inflation Control Under the Economic 
Stabilization Act,” “Outlook and Policy,” 
“The Economic Role of Women,” and 
“The International Economic System in 
Transition.” The chapter organization is 
virtually identical to that in the 1972 re- 
port, except that the chapter on women re- 
places a chapter on microeconomic policy. 
Apperdix A gives supplements to chapters 
2,4, amd 5, and Appendix B gives the now 
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traditional listing of all past members of 
the Council since its beginning in 1946, to- 
gether with the names of all who served 
on its staff during the year, and an ac- 
count of the responsibilities and activities 
of the Council during the year. Appendix 
C, containing 94 statistical tables, will be 
reviewed in Section ITI. The text has 33 
tables and 13 charts. 

So many abbreviations are used through- 
out the text of the report, albeit usually 
with definitions the first time they appear, 
that an index might be useful. I offer the 
following, with the page number where the 
definition is to be found in each case: CLEP 
120, CISC 60, CLC 79, CPI 30, EC 117, 
EEOC 111, ESP 143 (this doesn’t mean 
extra-sensory perception), FNMA 49, 
GATT 128, GNMA 49, GNP 19, HUD 84 
(not defined), IMF 121, IRS 146, JEC 
182, MFN 133, NIA 19, NTB 133, OECD 
136, OMB 181, Quadriad 181, RPD 45, 
SDR 114, snake 117, TLP 55, Trotka 181, 
T-2 181, T-3 181, tunnel 117, WPI 30. 

Chapter 1 gives a very informative ac- 
count of the course of the economy and 
federal economic policy in 1972. On the 
whole, it is objective and sets a good stan- 
dard for material directed to a nonprofes- 
sional audience, but on a few occasions 
statements are made that tell the truth, 
and nothing but the truth, but not the 
whole truth, in a manner that might be 
intended to put the Administration’s per- 
formance in a favorable light. Here is an 
example. On page 30 we find this para- 
graph: 


In the period since the August 1971 
policies were instituted there has been a 
dramatic deceleration in the rate of in- 
flation. This is discussed in detail in 
Chapter 2; here we focus mainly on 
price measures applicable to the GNP. 
For example, the implicit price deflator 
for GNP, which measures the change in 
prices of all goods and services included 
in the gross national product, rose at a 
rate of 5.2 percent per year in the 3 years 
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ending in the second quarter of 1971, the 
last full quarter before the policy shift. 
Over the next 6 quarters, the annual rate © 
of increase was down to 2.7 percent. 


This is true, but it creates the incorrect 
impression that there was an abrupt de- 
cline in August 1971, or thereabouts. 
Actually, the peak rate of increase in the 
GNP deflator, 6.5 percent, was attained 
in the first quarter and again in the fourth 
quarter of 1970, and by the second quarter 
of 1971, before the policy shift, the rate of 
increase had fallen to 4.4 percent (these 
are seasonally adjusted annual rates from 
Table C-4 in the Appendix). And the peak 
yearly increase in the CPJ was in 1969. 
Hence a substantial decline in the rate of 
inflation had already occurred before the 
August 1971 policy shift. 

Table 13 and Chart 5 point out that the 
share of interest plus profits before tax 
(after adjusting to a uniform method of 
calculating depreciation) in the gross prod- 
uct of nonfinancial corporations declined 
from 21 percent in 1950 to 17 percent by 
1954, fluctuated near 17 percent through 
1968, and fell to between 13 and 14 per- 
cent in 1970-71-72. The share of interest 
grew from about 1 percent to about 3 per- 
cent over the period, so that the share of 
profits alone fell from about 20 percent to 
between 10 and 11 percent. This is broadly 
consistent with the decline in corporate 
profits before tax as a fraction of GNP, 
from 13 percent in 1950 to about 73 per- 
cent in 1972. To put this in perspective, 
note that 1950 had the highest value for 
the share of corporate profits before tax in 


‘GNP over the period for which annual na- 


tional income accounts are available 
(1929-72), and the figure for 1929 was 10 
percent. 

Chapter 1 discusses fiscal policy in the 
usual way in terms of federal receipts and 
expenditures, and monetary policy in the 
usual way in terms of interest rates and 
the changes in the stocks of money, time 


$20 


deposits, and RPD’s (reserves available to 
support private nonbank deposits). It is 
useful also to link fiscal and monetary 
policy together by means of the govern- 
ment budget restraint, which provides 
that federal expenditures must be financed 
by some combination of tax revenues, bor- 
rowing from the private sector (including 
state and local governments and the rest of 
the world), printing new high powered 
money (which is done by borrowing from 
the Federal Reserve), and dipping into 
Treasury stocks of financial assets. It is 
useful to consolidate the Treasury and 
Federal Reserve sectors, so that their 
claims against each other cancel out. Then 
a Federal Reserve open market purchase 
or sale is treated just like a Treasury re- 
tirement cr issue of debt vis-a-vis the 
private sector. The government budget 
restraint then implies that the federal 
ceficit during any period must be equal to 
the following: the increase in the high 
powered money stock, plus the increase in 
federal debt held by the private sector, 
minus the increase in member bank bor- 
rowings from the Federal Reserve, minus 
the increase in U.S. reserve assets includ- 
ing gold, minus the increase in Treasury 
deposits at commercial banks, plus a small 
balancing item consisting of the increase 
in all other net claims of the private sector 
against the consolidated Treasury and 
Federal Reserve sector. For calendar 1972, 
the amounts are as follows, in billions of 
dollars: 


increase increase increase 

in high infederal in member 

powered debtheld bank 
deficit money privately borrowing 


17.4= 4.3 + 146 -—- 0.9 


increase increase increase 


in U.S. in in other net 

reserve ‘Treasury claims against 

assets deposits Federal sector 
— 10 — 01 + 0.5 
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This means that the federal deficit of 
$17.4 billion in calendar 1972 was financed 
chiefly by borzowing $14.6 billion from the 
private sector (thus increasing privately 
held federal debt by 5.9 percent from 
$247.9 billion to $262.5 billion), partly by 
issuing $4.3 billion of new high powered 
money (taus increasing the high powered 
money stock by 5.1 percent from $83.8 
billion to $88.1 billion), and the negative 
remainder by a $1.5 billion decrease in 
other net claims against the federal sec- 
tor. The fact that reductions in reserve 
requirements in November released about 
$3 billion of reserves made it possible for 
the money stock to increase by $20.1 bil- 
lion, or 8.3 percent, from $242.8 billion to 
$262.9 billion. (These data are from the 
Federal Reseree Bulletin for February 1973, 
and incorporate the revised figures for 
money and reserves published therein.) 
The projected deficits of $12.3 billion for 
the six-montk period ending in June, 1973, 
and $12.7 biLion for the fiscal year 1974, 
presage either tight money if they are 
financed by borrowing from the private 
sector. or more inflation if they are fi- 
nanced by the issue of additional high 
powered money (unless reserve require- 
ments are increased). If none of these al- 
ternatives is acceptable, then the deficits 
must be reduced either by limiting spend- 
ing even more than proposed by Mr. 
Nixon, or by increased tax revenues. 
Chapter 2, and the appurtenant section 
of Appendix A, constitute the report on 
economic stabilization activities that is 
required by the Economic Stabilization 
Act as amended. Its treatment of the ef- 
fectiveness of the Phase I and Phase IT 
controls is more balanced than that of 
chapter 1. Its main points are that al- 
though by August 1971, the rate of infla- 
tion had dec-ined from its 1969 peak, and 
output end employment was expanding, 


2 But recall the revised projections mentioned in fn. 1. 
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it was uncertain whether the rate of infla- 
tion would continue to decline or would 
again accelerate (pp. 51-52); that if infla- 
tion did accelerate again the price in- 
creases would not be the direct result of 
excess demand but would occur because 
firms and workers preferred raising wages 
and prices since others had been doing so 
(pp. 52-53); that controls were necessary 
on a temporary basis to reduce the risk 
and the fear that the rate of inflation would 
rise or not decline further (p. 53); that the 
controls should be combined with initially 
expansive but gradually more restrictive 
fiscal and monetary poliĉy because con- 
trols would not in fact be able to hold 
down prices and wages if there were strong 
excess demand, and the effort to do so 
would result in shortages and distortion of 
production (pp. 53-54); that the controls 
should be temporary because the Admin- 
istration expected that if the total package 
of policies were well managed it would be 
possible to enter a period of reasonable 
price stability without controls (p. 54); 
that the rate of inflation of prices and 
wages did decline significantly during the 
controls period (pp. 56 and 58); that the 
Council believes it is probable that the 
controls did reduce the rate of inflation, 
but the magnitude of the reduction is un- 
certain, and one cannot be sure that the 
controls had an effect on the rate of infla- 
tion (pp. 61-62); that the controls were 


valuable in any case because they reduced - 


the risk of inflation and reduced expecta- 
tions of future inflation (pp. 62-63); and 


“Moreover, what had happened was not 


merely a suppression of -price increases 
that would burst out if controls were re- 
moved” (p. 68). 

This chapter’s theory of the operation 
of wage and price controls in 1971-72 ap- 
pears to be as follows (see Figure 1): in 
1966 through 1970, inflationary expecta- 
tions grew and created inflation without 


‘serious excess demand; by 1971 and 1972 
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there was substantial excess supply, but 
inflation would have (or might have) con- 
tinued anyway based on expectations built- 
up previously; controls reduced the infla- 
tion rate by damping expectations about 
future inflation, without creating short- 
ages or misallocation; controls could then 
be relaxed in 1973 and dropped later with- 
out leading to further inflation or unem- 
ployment, because expectations had been 
restored to normal by the end of 1972. I 
believe a series of events like this could 
certainly occur, provided that the control 
period is long enough and has sufficient ex- 
cess supply so that inflationary expecta- 
tions are indeed destroyed, and provided 
that the levels of inflation and unemploy- 
ment to which the economy is expected to 
return after its inflationary binge are 
simultaneously maintainable. But neither 
of these provisions has been met in this 
case. 

In the light of events since the publica- 
tion of the Report in January, two of the 
statements in this chapter have turned out 
to be particularly inappropriate. One is on ` 
page 63: “By the end of 1972 the American 
anti-inflation policy had become the mar- 
vel of the rest of the world (Table 18) 
[comparing inflation rates among coun- 
tries|. Largely because of this change the 
rest of the world is willing to hold increas- 
ing amounts of dollars.” Hardly two weeks 
later, the dollar had been devalued again, 
and shortly after that attempts by other 
countries to support the dollar even at the 
devalued rate were abandoned. The other 
is on page 143: referring to the 1972 con- 
trols, the Report says “However, the tem- 
porary system had to be designed to avoid 
a price upsurge once the controls were re- 
moved or relaxed.” Experience so far (in 
May 1973) with the relaxed controls of 
Phase ITI suggest that this design was not 
achieved. 

There is a good description of the ad- 
ministrative regulations and procedures 
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used in implementing the controls. This 
should prove valuable if later on we need 
to remember the advantages and disad- 
vantages of the methods adopted. The Re- 
port refers readers to the quarterly reports 
of the Cost of Living Council for more de- 
tail. The program cost about $80 million 
a year during Phase II, and employed 
about 4,000 persons, as compared with 
60,000 during World War IT, 15,000 during 
the Korean War, and about 2,000 during 
Phase III. The Price Commission received 
over 10,000 prenotifications of price in- 
creases, there were over 3 million inquiries 
from the public, and about 300 legal actions 
were undertaken for noncompliance under 
Phase II. 

Prices charged by the federal govern- 
ment were exempted with the understand- 
ing that other means would be used to keep 
these prices consistent with the goals of 
the stabilization program. One wonders 
what those other means were, in view of 
the fact that from 1972 to 1973 the cash- 
and-carry price of the Economic Report 
was raised by 33 percent from $1.50 to 
$2.00, and the postpaid price was raised by 
57 percent from $1.50 to $2.35. 

The Administration’s goals and the 
Council’s forecasts are given in chapter 3, 
along with a discussion of the Administra- 
tion’s proposals to achieve its goals. 

The Employment Act of 1946 calls for 
... maximum employment, production, 
and purchasing power’ (Report, p. 71). 
By common consent, price stability and 
balance-of-payments equilibrium have 
been added to that list of desiderata. 

The stated goals are that unemployment 
should be down to the neighborhood of 
4% percent by the end of 1973, and per- 
haps lower later, though this is not made 
clear (pp. 73-74), and that the rate of in- 
flation should be down to 2% percent 
or less by the end of 1973 (p. 81). I have 
argued earlier that these two goals are not 
simultaneously attainable year after year, 
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and that it is a disservice to announce 
them as if they were attainable. 

The forecasts made for 1973 are as fol- 
lows (pp. 82, 86, and 87). Nominal GNP 
for the year 1973 will rise 10 percent from 
the 1972 level of $1152 -billion to $1267 
billion; tke chance that this prediction will 
err by mcre than 1 percent (i.e., that GNP 
will be less zhan $1254 billion or more 
than $1230 billion) is “extremely small.” 
Nominal GN.” will rise by 9 percent from 
$1196 bilion in the 4th quarter of 1972 to 
$1303 billion in the 4th quarter of 1973. 
Real GNP far the year 1973 will rise 63 
percent fram the 1972 level of $790 billion 
to $843 billion, in 1958 dollars. The GNP 
deflator for 1973 will rise 3 percent from 
145.88 ir 1972 to 150.26. The CPI will 
rise 24 percent or less from 127.3 in 
December oi 1972 to 130.5 or less in 
December 1973. The seasonally adjusted 
unemployment rate will decline from 5.1 
percent in December 1972 to the neighbor- 
hood of 43 percent by December 1973. 

Some oi tne Council’s 1972 forecasts, 
from pp. 101 and 108 of the 1972 Report, 
and the actual outcomes, are as follows: 
Nominal GNP was forecast to be $1145 
billion, low by $7 billion or 0.6 percent as 
compared w:th an actual $1152 billion. 
Real GNP was forecast to be about $784 
billion, low ky $6 billion or 0.8 percent as 
compared with an actual $790 billion, in 
1958 dolars. The GNP deflator was fore- 
cast to rise 34 percent, high as com- 
pared with en actual rise of 3.1 percent. 
The inflation rate was forecast to be down 
to 2 to 3 percent by the end of 1972; in the 
4th quarter the GNP deflator rose at an 
annual rate of 2.7 percent, and the CPI 
rose at an arnual rate of 3.5 percent. The 
unemployment rate was forecast to decline 
to the neighborhood of 5 percent by the 
end of 1372; the actual rate in December 
was 5.1 percent. These forecasts were quite 
good, except for the year-end inflation rate 
which was samewhat underpredicted. 
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I wish I could believe the 1973 forecasts 
of unemployment and inflation, but for 
reasons given above, I cannot. Except for 
the Phase III controls, which are a wa- 
tered-down version of Phase IT, the Report 
offers no new departures in macroeconomic 
policy, and no reason to think that we can 
accomplish now what we have been unable 
to accomplish before. 

Chapter 4, with the appropriate part of 
Appendix A, gives a highly informative 
account of the economic role of women. It 
is difficult to summarize, because there is 
so much detail. Among the important find- 
ings are these. The labor force participa- 
tion of women is rising, in two respects: 
the participation of individual women in 
most age groups is rising as they become 
older, and furthermore, the participation 
of each cohort of women at a given age ex- 
ceeds that of the previous cohort at the 
same age (Chart 9). The more education 
a woman has, the more likely she is to 
work, except that if she has children under 
6 years old, she is unlikely to work regard- 
less of her education (p. 95). Women 
change jobs less frequently than men, but 
spend fewer years at each job than men, 
because they leave the labor force more 
than men do, the most common reason 
being pregnancy (pp. 95-96), Black women 
have a higher labor force participation rate 
than white. Black married women earn 
about three-fourths as much as Black 
married men, while for whites the figure is 
about one-half, considering in each case 
only those who work full time the year 
around (p. 96). The unemployment rate is 
higher for women than for men, but the 
average duration of unemployment is less 
for women than for men; the apparent 
anomaly is explained by the fact that labor 
force entrants are unemployed for shorter 
periods than other persons, and women 
enter (and leave) the labor force more than 
men do (pp. 97-8). The differential in un- 
employment rates in favor of men has 
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widened in the past decade, but part of this 
is due to a change in statistical concepts in 
1967 (pp. 99-100). There has been a small 
reduction in the difference between the 
occupational distributions of men and 
women between 1960 and 1970 (pp. 100- 
03). Median annual earnings of women are 
about 40 percent of those of mer; adjust- 
ments for differences in hours worked 
per week, weeks worked per yzar, age, 
education, experience, and continuity at 
work increase the ratio to 80 percent 
(pp. 103-06). The chapter concludes 
with a discussion of the problems of a 
woman who is the head of her hceusehold; 
difficulties in making the income tax treat- 
ment of women fair; the pros and cons of 
furnishing child care at public expense; 
and government programs to promote the 
economic equality of women. 

Chapter 5 deals with U.S. international 
economic relations, and problems of the 
international trade and payments sys- 
tems. This chapter begins with a brief 
account of U.S. balance-of-payments de- 
velopments in 1972. The rest is a longer 
informative account of the recenz history 
and current state of the internaticnal pay- 
ments mechanism, and of the reform pro- 
posal put forward by the United States in 
1972. Part of Appendix A is devoted to 
more detail on that proposal. 

The Council says properly that an inter- 
national monetary system must meet three 
requirements if it is to serve the needs of 
world trade and investment: it must be 
market-oriented, multilateral, and stable. 
And to be so, it must provide for the ad- 
gustment of payments imbalances, and for 
adequate international liquidity, and must 
create and maintain confidence in its con- 
tinued viability and in the value of inter- 
national reserves (pp. 120-21, Council’s 
italics). 

There are several references (fo: exam- 
ple, pp. 122, 131, 162) to the failure of the 
Bretton Woods system (with the dollar 
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pegged to gold, and other currencies 
pegged to the dollar) to provide adequate 
growth in the international reserves, and 
to the creation of SDRs (“paper gold”) as 
a means of solving this problem. The 
Council dogs not take note of the fact that 
an alternative way of solving the liquid- 
ity problem would be to permit the money 
price of gold to rise. Since 1933, just before 
the-United States increased the gold price 
to $35 an ounce, the official price of gold 
has risen oy a factor of only 2.0 (from 
$20.67 to $42.22 per ounce), while the con- 
sumer price index, the wholesale price 
index, and the GNP deflator have risen by 
factors of 3.4, 3.5, and 4.0, respectively. 
At the time of this writing, the free market 
gold price stands at $91 per ounce, about 
4.4 times the official 1933 level of $20.67. 
While it is by no means clear that $70 to 
$90 would be an equilibrium dollar price 
for gold if there were no international 
agreement to fix its price in transactions 
among central banks, neither is it clear 
that central banks and the IMF will be 
able to succeed in displacing gold as the 
main international currency in favor of 
paper currency such as SDRs. That de- 
pends upon the demand for gold among 
the world’s asset-holders, including cen- 
tral banks, which will depend in part upon 
whether the new international paper cur- 
rency is managed in a way that maintains 
its long-run values as compared with gold. 

As for adjustment of payments imbal- 
ances, it is clear, from the fact of several 
dozen devaluations (and a few revalua- 
tions) since the Bretton Woods agreement 
was instituted after World War II, that 
exchange rates do require to be adjusted 
from time to time, whether the system is 
nominally one of fixed rates or flexible 
rates. It is not clear whether the day-to- 
day burdens of hedging against small 
changes in flexible rates are greater or less 
than the sum of the intermittent burdens 
of hedging against occasional large changes 
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in fixed rates, plus the burdens of main- 
taining domestic policies that are undesir- 
able for their own sake but are followed for 
the sake of defending a fixed rate in the 
face of market pressure against it. I lean 
toward flexible rates, except as between 
regions that have elected to have a com- 
mon mcnetary and fiscal policy, such as 
the Eurodean Community countries have 
been in the process of deciding about for 
the past several years, and such as the 
United S<ates in effect adopted in 1789. In 
my view, the fact that the Council and 
other high government officials can dis- 
cuss exchange rate adjustment mecha- 
nisms on their merits is an improvement 
over the situation of several years ago. 

The Council urges “innovations” which 
will permit to the United States the same 
margin of adjustment of exchange rates as 
to other countries, as contrasted with the 
Smithscnian agreement under which the 
dollar cculd not deviate from other cur- 
rencies-by more than 24 percent, while 
others cculd deviate from each other by as 
much as 4$ percent (pp. 126-27). Pre- 
sumably the innovations required would 
consist of pegging all currencies to gold, or 
to the SDR, or to each other as in the 
European Community, or not at all, rather 
than to any kev currency such as the dol- 
lar was. 

The Council properly takes a dim view 
of selective adjustment measures, such as 
tariffs, import surcharges, and quotas, and 
properly an especially dim view of quotas, 
since they permit the least amount of 
market response to changes in conditions. 
I would like to note that a sliding tariff, 
continuously equated to the difference be- 
tween the domestic and world prices of a 
commodity, is nearly as bad as a quota, 
and shculd be discouraged by interna- 
tional agreement just as should quotas. 

The Council supports the intent of the 
U.S. reform proposal, to devise means to 
press surplus countries to revalue, as a 
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counterpart to the natural pressure to de- 
value that deficit countries feel. (But 
where was U.S. zeal on this point in 1949 
when U.S. reserves reached $26 billion, 
over half of the world’s total?) At present 
this is a less pressing problem than it 
seems, because the need now appears to 
be more for an increase than a decrease in 
real international balances; hence every 
time a Japan or a Germany revalues in 
terms of gold and the SDR, the effect on 
total real reserves is pernicious because the 
total declines rather than increasing; it 
would be better for the required exchange 
rate adjustments to be made by the de- 
valuation of overvalued currencies instead. 

The heart of the U.S. proposal is that 
for each currency there should be estab- 
lished a theoretical “base level’ of re- 
serves, and also below that a “lower point,” 
and above it an ‘‘outer point.” Whenever a 
country’s reserves fell below its lower 
point for a period of time, that country 
would be expected to devalue, and would 
suffer sanctions if it did not, unless the 
IMF decided (presumably in response to 
an appeal) that sanctions were not war- 
ranted. Similarly, whenever a country’s 
reserves rose above its outer point for a 
period of time, that country would be 
expected to revalue, and would suffer 
sanctions if it did not, again unless the 
IMF decided that sanctions were not 
warranted (see pp. 124-25, 166-67). If 
the system were designed in such a way 
that the imposition of sanctions were 
highly uncertain in each case until the 
IMF had made its decision, it would be 
similar to both the Bretton Woods and 
Smithsonian agreements, except for its 
added pressure on surplus countries. How- 
ever, if it were rigorously administered, 
so that countries passing their “lower” or 
“outer” points were all but certain to 
suffer sanctions and hence to be forced to 
devalue or revalue, with virtually no ex- 
ceptions, then it might render interna- 
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tional capital flows much more violent and 
severe than they are at present. For if 
everyone could rely nearly absolutely on, 
say, a devaluation of the dollar whenever 
U.S. reserves fell below the U.S. lower 
point, then whenever U.S. reserves ap- 
proached the lower point there would be 
very heavy flows out of the dollar and into 
other currencies, thus assuring the de- 
valuation of the dollar.’ Speculation against 
a weak currency can only be stemmed if 
the speculators are not sure they will 
make a profit. Hence the advantages of the 
U.S. reform proposal would seem to be 
greater, the less vigorously it is applied. 


IHI. Appendix C, Statistical Tables 


For many readers, the 94 statistical 
tables in Appendix C are the most useful 
part of the Report. They constitute the 
cheapest, handiest, and most promptly 
available compendium of economic sta- 
tistics on the U.S. economy that I know 
of. For many years I have acquired two 
copies of the Report, and kept one at home 
and the other at my office, so as to have a 
copy always at hand when I want to look 
up an economic datum. The tables cover 
national accounts; population and labor 
statistics; production indexes and other 
business activity measures; prices; money 
and credit; government finance; coporate 
finance; agriculture; and international 
economics. 

Do not throw out the 1972 Report if you 
make extensive use of these statistical 
tables. This year, for the first time, the 
tables do not give the complete annual 
time-series since 1929, but give instead 
only the figures for 1929, 1933, 1939, and 
then every year since 1939. The purpose 
is to leave room at the foot of the page to 
show monthly or quarterly data for the 
most recent few years. Hence you will 
need to keep the 1972 Report alongside the 


3 I owe this point to Jürg Niehans. 
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current one in order to have complete 
time-series since 1929. - 
There are four new tables this year: C-4 


gives several different versions of the GN P 


deflator, using different weights and con- 
cepts, and also shows percentage changes, 
year-to-year and quarter-to-quarter. Table 
C-11 gives nominal and real gross product 
originating in nonfinancial corporations, 
and nominal costs per unit of real gross 
product. Table C-33 gives percentage 
-` changes in output per manhour, unit labor 
costs, and the related data. Table C-47 
gives seasonally adjusted consumer price 
indexes. The total number of tables is the 


same as last yéar; six of last year’s tables . 


(28-33) have been condensed into two of 
this year’s (C-30 and 31). 


IV. Concluding Remarks 


I looked in vain for discussion of several 
economic problems that are generally 
regarded as among the most important 
facing the nation today. One is the welfare 
program, and alternatives to it. Since we 
have so far been unable to keep the un- 
employment rate below 5 percent, let 
alone 43 or 4 percent, and since we are 
unlikely to be able to do so in the future 
elther, there will continue to be a function 
to be served by the unemployment com- 
pensation and welfare systems. The pres- 
ent welfare system has been widely criti- 
cized for many of its features, from its 
rapidly rising costs to the degree of effec- 
tiveness with which it meets the problems 
of poverty. Proposals for reform have 
been offered, and experiments have been 
conducted to learn about their effects. An 
analysis of these proposals, done as care- 
fully as the Council’s Report, would be a 
substantial contribution to public under- 
standing and to an eventual solution of 
this vexing socioeconomic problem. 

A second neglected issue is that of 
federal tax reform. The present federal 
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tax system is unfair to the extent that it 
taxes unequally persons having the same 
incomes. The top-bracket personal income 
tax rate is now 70 percent. But few people 
having hizh income from property rather 
than from. work pay this rate, or anything 
like it, for the present tax law contains 
many prcvisions permitting special favor- 
able treatment of certain kinds of property 
income. Hence it is commonplace for a 
taxpayer who receives wages, salaries, 
dividends, and/or federal or private in- 
terest to pay a far higher tax than another 
taxpayer who receives an equal or even 
larger income from capital gains, oil and 
gas property, real estate development, 
certain foreign commerce, or interest on 
state anc. municipal bonds. Indeed, tax- 
payers who receive dividends are taxed 
twice, once via the corporate income tax, 
and again via the personal income tax. 
There arz also important issues with re- 
spect to the estate tax and the gift tax. 
Mr. Nixon stated during his 1972 election 
campaign that he would present a tax 
reform package in January, and the 
Council’s Report would have been an ap- 
propriate vehicle for it. (Secretary Shultz 
made a modest beginning when he pre- 
sented the Administration’s mild tax re- 
form and. tax streamlining proposals in 
May.) 

Other important economic policy prob- 
lems receiving little or no attention in the 
Report are environmental preservation, 
energy, aealth and health care, and the 
economic role and status of minority 
groups. To be sure, last year’s Report dis- 
cussed pollution control, energy problems, 
and health care. Nevertheless, these issues 
are no less important now than they were a 
year age, to say the least, and since few 
people remember or go back and re-read 
old Economic Reports of the President, 
each new one ought to deal with the 
economi? problems that are currently, or 
soon will be, of high importance. 





The 1973 Report of the President's 
Council of Economic Advisers: 
Whistling in the Dark 


By Davin I. MEISELMAN* 


The 1973 Economic Report is full of 
surprises, most of them disappointing. 
Among them is the apparent certainty of 
views, just before the storm, that inflation 
was tapering off and would continue to do 
so. For professional economists inured 
to the hazards of the forecasting trade, the 
Report contains several surprises of greater 
intellectual and academic interest. The 
first is the highly sophisticated analysis of 
the economic role of women. The second 
is one of the better briefs for the use of 
price and wage controls to stabilize prices, 
which is included in the Council’s Report 
as a separate chapter. I share the judg- 
ment of Reuben Kessel, Edmund Phelps, 
Armen Alchian, and others who reviewed 
the Council’s case for controls in the 1972 
Report that not even the best case is good 
enough. Another surprise to many readers 
will be the strength and persistence of the 
Report’s Keynesian bias, only partly ex- 
plained by the Employment Act of 1946. 
The Report’s discussion of government ex- 
penditures is not surprising. but it is both 
noteworthy and by far the most rigorous 
and constructive part of the entire Report 
(see pp. 76-78). Achieving the required re- 
duction of government expenditures and 
taxes implied by the discussion would 
truly be surprising. 


* Professor of economics, Virginia Polytechnic Insti- 
tute and State University. I received helpful comments 
from Gottfried Haberler, Wilson Schmidt, Deane Car- 
son, and William Rule. 
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The most disappointing aspects of the 
Report are the weaknesses and inconsis- 
tencies of its underlying analysis and its 
clever but iaulty defense of anc apologia 
for Phase I and II wage and price controls. 
Admittedly, the Nixon Administration did 
have some bad luck because of poor 
weather and the like. With the safety and 
wisdom of hindsight, it is now abundantly 
clear that the economy was excessively 
stimulated in 1972. As usual, the expansion 
of aggregate demand affected output and 
employment first and prices only later.. No 
doubt, the improved economi: perfor- 
mance of 1972 plus the control program, or 
the appearance of one, helped deprive the 
Democrats of important issues prior to 
and during the 1972 presidential cam- 
paign. By 1973, we had overshot the 
mark. Inflation had been ratchezed up to 
a new and higher trend. As before, slowing 
the accelerated: inflation is bound to be 
costly. The goal of stable prices is more 
distant and more difficult to attain. 

Errors in forecasting inflatior are in- 
evitable given the limitations of our under- 
standing of how short-period changes in 
nominal GN P are divided betweer. changes 
in prices and changes in output. =rrors of 
prediction resulting from unavoidable 
ignorance and the poor state of the art may 
explain poor forecasts and help to excuse 
some of them. They need not lead to 
biased results for the latter require a cor- 
responding inflationary bias on th2 part of 
policy makers. 
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In my judgment, the 1972 overstimu- 
lation is much more serious than still 
another forecasting error because it: is 
added evidence regarding the strong and 
inherently inflationary bias of virtually all 
modern governments. The bias is the re- 
sult of a combination of factors which have 
increased the incentives and the technical 
means for governments to cause inflation 
at the same time that the constraints on 
their abilities to do so have been severely 
weakened. The bias increases in election 
years. For those in or close to the seats of 
state power, the costs of paying the piper 
fall sharply after a successful election day. 
The myopia of voters, including those with 
Ph.D.’s in economics, makes the game 
possible. Are we destined to add to our 
list a new cycle with a periodicity of 
four years? 

There were impressive economic gains 
in 1972 in higher output and employment 
and lower rates of inflation and unem- 
ployment. Readers will find the good eco- 
nomic performance of 1972 attributed to 
the New Economic Policy of August 15, 
1971. It combined controls aimed at curb- 
ing inflation with an expansionary fiscal 
policy in the form of both tax reductions 
and “... boosting Government expendi- 
tures in the first half of 1972, mainly by 
bringing forward expenditures that would 
have been made later” (p. 4). Although the 
8.3 percent growth in money during 1972 
was the highest of any year in the post- 
World War II period, monetary policy is 
taken to have been essentially passive and 
accommodating both because of the gen- 
eral stability of interest rates and the fact 
that nominal GNP increased somewhat 
faster than money did. Thus, a literal 
reading of the Report should provide much 
comfort to orthodox Keynesians and Fed- 
eral Reserve traditionalists by allaying 
their fears that the Nixon Administration 
had become captives of the Monetarists, 
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or had even seriously listened to them 
during 1972. 

Consistent with President Nixon’s earlier 
announcement that he had become a 
Keynesian, the Administration essentially 
followed the policy of its political oppo- 
nents by relying on strong stimulation of 
aggregate Jemand to lower unemployment 
and Phase I and IT controls to lower in- 
flation. For a short time, it seemed to work. 

The fact that much of the Report was 
soon overwhelmed by events palls the 
usual self-zongratulatory tone of what has 
become part of the annual ritual of the 
Economic Report. For example, on the 
eve of the sharpest spurt of inflation since 
at least the Korean War and less than a 
month before the 10 percent devaluation 
of February 12, the Annual Report of the 
Council of Economic Advisers noted, “By 
the end af 1972 the American anti-infla- 
tion pclicy had become the marvel of the 
rest of the world.... Largely because of 
this change the rest of the world is willing 
to hold increasing amounts of dollars” 
(p. 63). The Council’s forecast, which did 
so well in 1972, quickly became a shambles 
early in 1973-4 

The poor forecasting performance of the 
Report cannot be attributed to analytical 
innovations that did nct pan out. In my 
judgmertt, one of the deficiences of the 
Report is that it conforms mainly to the 
format and the content of the Council’s 
analyses of yesteryear. Its framework is 
the simple Keynesian model. The Report 
largely ignores how thoroughly the model 


1The embarrassment has been both bipartisan and 
virtually universal. For examp-e, sharing the optimism 
of the Republican president, Walter Heller crystal- 
balled the 1973 GNF deflator as rising only slightly to 
3-1/3 percent from the 3 percent rate of 1972 as part of 
a strong expansion “... without fatal flaws of mal- 
functions” (Wall Street Journal, Jan. 11, 1973). The 
large file of GNP forecasts I collect shows that not a 
single published forecast came close to calling the shots 
on the inflationary outburst in the first half of 1973 and 
the 8 percent increase in real GNP in the first quarter. 
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has been modified, both by a vast body of 
scientific evidence and analysis and by 
repeated failures of past public policies 
that depended upon it. The Report also 
generally overlooks the rich and important 
advances in recent years in establishing the 
close connections between micro- and 
macro-economics. In particular, it under- 
plays the central roles of relative prices, 
lags, and adjustment processes in short- 
period fluctuations in helping to explain 
labor market phenomena such as em- 
ployment and unemployment. The Re- 
port’s annual review of the 1972 labor 
market is devoid of analysis and is largely 
a verbal repetition of the numerical con- 
tents of several standard tables in the 
Monthly Labor Review describing employ- 
ment, unemployment and labor force 
participation. The Report would have 
been greatly strengthened if the highly 
sophisticated and informative analysis of 
the economic role of women had been 
applied to the remainder of the popula- 
tion. Reverse discrimination is also costly. 
The review and outlook chapters have 
typically been the central features of 
Council reports. The 1973 Report follows 
this tradition. The review chapter has 
five sections plus a short postscript on 
fourth quarter 1972 developments. The 
five sections are devoted to “Demand and 
Output,” “The Labor Market,” “Prices 
and Costs,” “Fiscal Policy” and “Finan- 
cial Policy and Financial Markets.” 
Following another tradition, the under- 
lying macro theory is never clearly or 
explicitly spelled out, but reading the en- 
tire chapter does suggest the general out- 
lines of one. Nominal GNP is taken to be 
mainly determined by private expendi- 
tures for business fixed investment and for 
housing construction, both of which have 
responded to tax incentives, financial 
variables and autonomous factors, all 
expansionary in 1972. Nominal consumer 
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spending (i.e., personal consumption ex- 
penditures) is induced by the resulting 
general improvement in the 2conomy. 
Reference is made to the fact zhat con- 
sumers “‘made extensive use of credit to 
finance their purchases, particalarly of 
durable goods” (p. 23), but it is not clear 
whether the quantity of credit (no cost is 
mentioned) is the result of the ircrease in 
consumer outlays or a cause. Government 
expenditures are considered in cheir full 
employment budget context. The chapter 
on the 1972 record has no accounting for 
foreign trade, which is treated in a 
separate chapter essentially unrelated to 
the GNP accounts. 

Aggregate nominal demand is also re- 
lated to fiscal policy, mainly as evaluated 
by high employment federal government 
expenditures and receipts. The ret stim- 
ulus is taken to be the change in the high- 
employment deficit. In this view, changes. 
in nominal high employment əxpendi- 
tures and receipts have equal and apposite 
effects, modified slightly by a permanent- — 
income hypothesis view of temporary 
changes in tax cash flow, such as zhe 1972 
overwithholding.? Only the federa. budget 
is considered. 

The emphasis on the two major com- 
ponents of gross private domestic invest- 
ment (the change in inventories is cmitted) 
overlooks the facts that the empirical 
association of total investment ard GW P 
is poor indeed, and that there are impor- 
tant differences in the timing of the business 
investment and housing expenditure com- 
ponents. Despite continued emphasis by 
most business forecasters in government 
and elsewhere on the role of business in- 
vestment expenditures in determining 

2 In the Economic Report of the President, President 
Nixon’s statement about the federal budget eraphasizes 
both the inflationary and allocative effects ef federal 
government expenditures and so is not entirely in agree- 


ment with the Council’s stated view. Apparen.ly, in his 
view, a large budget per se is inflationary. 


530 THE AMERICAN ECONOMIC REVIEW 


GNP, it turns out that these outlays 
typically fcllow rather than lead the busi- 
ness cycle. Indeed, business expenditures 
for new plant and equipment are a lagging 
indicator! By contrast, expenditures for 
residential structures lead the cycle.’ 
Collateral emphasis on the size of the 
federal deficit in controlling GNP ignores 
the empirical studies of Friedman-Meisel- 


man, Andersen-Jordan, and others which . 


bring into serious question the keystone of 
the fiscalist analysis and the efficacy of 
policy proposals stemming from it. The 
Andersen-Jordan results are consistent 
with President Nixon’s assertion cited 
above about the expansionary impact of 
the sharply higher level of federal govern- 
ment spending in 1972, but recall that this 
works only in the very short run. When 
money is held constant, an increase in full 
employment expenditures temporarily in- 
creases GNP, but later causes GNP to 
decline. Within a year the net effect is 
essentially zero. The expenditures merely 
cause an intertemporal shift in the total. 

Even w:thin the analytical and empirical 
framework that attributes an important 
role to government expenditures and 
taxes, it would seem that the general 
omission of state and local budgets is a 
serious deficiency. Analyzing government 
on a consolidated basis, following the 
practice used in the consolidated govern- 
ment receipts and expenditures account of 
the naticnal income accounts, is highly 
desirable, indeed, necessary. State and 
local government expenditures are huge 
indeed, and have been growing even more 
rapidly than the federal government’s. By 
1972 state and local government expendi- 
tures on the national income accounts 
basis were $162.9 billion, or almost 80 per- 
cent of the $209 billion for federal ex- 
penditures net of grants to state and local 
governments. Similarly, focusing solely on 


3 See Business Conditions Digest. 
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the federal deficit or surplus can also be 
highly misleading. In 1972 the federal 
deficit or the national income accounts 
basis (net of grants to state and local 
government) was $18.5 billion. The federal 
high employment budget deficit was $6.0 
billion. In 1972 state and local govern- 
ments recorded a surplus of $12.3 billion 
on a national incame accounts basis. We 
are left tc wonder whether government, 
on net, was exercising restraint or provid- 
ing stimulus during the year, especially in 
the fourth quarter of 1972 when revenue 
sharing sharply increased both the deficit 
of the federal government and the total 
surplus of state and local governments. 

Monetary pclicy appears to be eval- 
uated by two criteria. The first, and more 
traditional, indicator of monetary policy is 
interest rates and credit market condi- 
tions. Tae rate of interest is essentially 
taken to be determined by the demand for 
and supply of cash, with resulting interest 
rates modified somewhat by expectations 
of future inflation and interest rates. 
“Accommodating” is never defined, but 
whatever it means, monetary policy in 
1972 :s viewed as having been accom- 
modating because of the general stability 
of nominal interest rates. The source of the 
expansion was elsewhere. The Federal 
Reserve can claim credit only for not 
having pulled on the string. 

There seems to be a second indicator of 
monetary policy which is more novel, but 
no mere apt. Other evidence for the Fed’s 
having taken an accommodating rather 
than active role is presented by citing the 
fact that the money supply increase of 
8.2 percent (later revised to 8.3 percent) 
was less than the expansion of 10.9 percent 
in nominal GN P. This is a position which 
has been publicly shared by Arthur Burns, 
Chairman of the Federal Reserve Board. 
In other words, the fact that income 
velocity rose slightly during the year, as it 
typical_y does during business cycle ex- 
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pansions, is interpreted as support for the 
contention that monetary policy was es- 
sentially passive in 1972. 

I also find it difficult to understand how 
velocity can be used as an indicator. of 
monetary policy. The Fed may directly 
control the stock of money, but surely it is 
the public’s demand for cash that de- 
termines the ratio of money to GNP or the 
response of GNP to a given change in 
money. To suggest that a central bank can 
treat velocity as subject to its direct con- 
trol or that it can effectively treat velocity 
as a target or indicator of monetary policy 
is similar to but no more valid than the 
view that it can control real balances. 

The novel proposition raises some inter- 
esting questions. Consistent with this view 
would it be correct to infer that the central 
bank was merely being accommodating in 
a mythical country which had experienced 
a doubling of money accompanied by a 
120 percent increase in nominal GNP or 
prices? Would a 200 percent increase in 
prices associated with GNP growing still 
faster than money have been more ac- 
commodating or less? Alternatively if, as 
in the early 1930’s, velocity falls when 
GNP declines faster than a central bank 
has contracted money, does this imply an 
expansionary monetary policy? What of 
constant velocity? 

Although the Report cites “remarkably 
mild increases in short-term interest 
rates,” the record is that short-term rates 
did, in fact, rise sharply and almost con- 
tinuously throughout the year. Early in 
1972, short-term rates had been falling 
since mid-1971. The low point was reached 
in February 1972, when 3-month Treasury 
bills yielded 3.18 percent on average. By 
December 1972, the average new issue 
yield had risen above 5 percent. (By 
March 1973, bill yields were above 6 per- 
cent.) 

However, the important point is not 
that short-term rates and income velocity 
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rose, but that there was an 8.3 percent in- 
crease in M, during 1972. (M: increased 
10.8 percent.) The monetary base, which 
is clearly under the direct control of 
the Fed, also increased by the same 8.3 
percent. The base multiplier remained 
virtually constant throughout zhe year. 
Money increased so rapidly precisely be- 
cause the Fed increased the monetary 
base. In my judgment, the Feceral Re- 
serve bears a large share of the responsibil- 
ity for the 1973 acceleration of inflation. 
They blew it again. 

The discussions of monetary policy 
(“Financial Policy and Financial Mar- 
kets”) and of fiscal policy are unrelated, 
reflecting the lack of unity in the Report 
as a whole. There is no explicit considera- 
tion given to any possible relaticnship or 
tradeoff between fiscal and monetary 
policy, the impact of fiscal policy on in- 
terest rates and financial markets and 
perhaps thereby on resource allocation, the 
balance of payments, and the Hke. No 
mention is made of debt management, a 
commendable move towards its deemphasis. 

The outlook and policy chapter has sev- 
eral guides to the use of fiscal and mone- 
tary policies for reaching the fotential 
growth rate of the economy and reesonable 
price stability by means of a steady in- 
crease In nominal GNP. For fiscal policy 
the Report recommends the general rule of 
achieving and maintaining balance in the 
full employment budget of the federal 
government: 

... desired... steadiness of the rate 

of increase of money GNP would be 

assisted by keeping the budget in a posi- 
tion of balance at full employment, un- 
less there later appears clear and strong 
evidence that developments in th2 pri- 
vate sector call for greater fiscal stimulus 
or restraint. Constancy in the relation 
between full-employment receipts and 
expenditures provides approximate con- 
stancy in the Federal contribution to 


economic expansion. The constancy of 
the contribution is only approximate 
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because the impact of the budget on the 
economy depends on its composition 
and total size as well as on the size of the 
deficit or surplus. However, constancy 
of the balance at full employment is the 
best single guide to a budget policy that 
neither pushes the economy above its 
desired growth rate nor holds the econ- 
omy below it. In any case, the rule that 
expenditures should not exceed the 
revenues that would be collected at full 
employment is essential to bring home 
the requirement that Government 
should not spend money for things it is 
unwilling to ask citizens to pay for. The 
circumstances of 1973 are appropriate 
for getting on to that track. [p. 74-75] 


The statement does not agree with the 
Report’s companion assertion: 


. experience has shown that the 
proper conduct of macroeconomic policy 
may sometimes call for a prompt and 
effective shift in the overall balance be- 
tween the flow of Federal receipts and 
expenditures. Temporary and prompt 
changes in tax rates, which do not alter 
the basic structure of taxes, may provide 
an efficient way of accomplishing such 
required shifts. [p. 75-76] 


You obviously can’t have it both ways. 
Moreover, evidence both from the imposi- 
tion of the 10 percent surtax in 1968 and 
its removal in two steps in 1969 and 1970 
as well as from large numbers of indepen- 
dently replicated statistical tests indicate 
the weakness of this and related fine tuning 
tax measures. 

For monetary policy, the Report pro- 
poses monetary growth at a steady but 
unspecified rate. This recommendation is 
inconsistent with the Report’s earlier dis- 
cussion of monetary policy described 
above. No mention is made of interest 
rates or velocity as targets or indicators of 
monetary policy as the Report states: 


A gradual slowing down of the ex- 
pansion of money GNP to a steady rate 
consistent with the long-run potential 
growth rate of the economy and reason- 
able price stability is also an approxi- 
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mate goal for monetary policy. This is 
likely to require a slower increase in the 
supply of money and credit than was 
proper when the main objective was to 
encourage the quickened economic ex- 
pansion in an environment of substan- 
tial unused resources. [p. 75] 


The parts of the Report devoted to 
inflation probably received the greatest care 
and have attracted the most attention. 
Students of inflation will find many 
theories of short-period changes in the 
price level. A variety of theories is under- 
standatle in view of the poorly developed 
state of economics in understanding short- 
period changes in the price level. Even so, 
some should be rulea out because of errors 
of analysis or kecause they have been con- 
tradicted by the evidence. I find that one 
of the two leading theories in the Report 
is simply wrong, and the other highly 
questionable. 

One appreach believes that the price 
level is determined by the costs (ex- 
penses?) of producing the goods entering 
the price index. This view confounds rela- 
tive anc absolute prices as well as ex ante 
and ex post values. The review section, 
“Prices and Costs,” attributes the 1972 
slowing of inflation to a “... marked de- 
celeration in the rise in unit costs. For 
labor ccsts, this was a result of two factors: 
a slower rise in hourly compensation and 
an acceleration of the rise in output per 
man-hour...” (p. 31). It is not entirely 
clear whether the Report is presenting an 
identity or a behavioral relationship. 
National income is the factor expense of 
the GNP; the price level enters both sides 
of the eccounting identity. Explaining one 
deflatoz by the other plus the change in 
productivity is essentially a tautology. 
Doub-e entry bookkeeping being what it is, 
it is difficult to see how the result could be 
very different, especially in view of the 
stability of factor shares. 

Anozher approach emphasizes the im- 
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portance of price expectations in con- 
tributing to the inflation itself. The general 
proposition has some merit, but not in the 
context found in the Report or in most 
current discussion. It should not be neces- 
sary to do so, but it bears repeating that 
inflation is a change in the value of money, 
not a change in the average of selected 
prices.4 Moreover, changes in the price 
level are an important part of the general 
equilibrium process whereby the demand 
for money becomes equal to the supply 
of money. This is why there is essential 
agreement among all economists that for 
given real factors, including preferences, 
a once-for-all change in nominal money 
leads to a proportional change in the price 
level in the long run. For given real factors, 
velocity is constant. Prices adjust to 
change the value of real balances in order 
to reestablish the equilibrium where de- 
sired and actual real balances are equal. 
Because actual and anticipated changes in 
prices affect the perceived cost of holding 
cash, they must be included in the real 
factors determining velocity. Although the 
short-run dynamics are uncertain, the 
economy is nevertheless driven to the 
long-run norm. 

In the short-period changes of the busi- 
ness cycle, links between money and prices 
are clearly looser, in part because income 
and other real variables change, in part 
because of lags in adjustment, and the like. 
These are some of the reasons the short- 
run analysis of price levels is so much more 
dificult and uncertain. Yet, a decline in 
the rate of expected inflation can itself 
lower velocity, moderating the infla- 
tionary potential of a given money stock. 
If, indeed, we knew how to alter inflation 
expectations, which we surely do not, we 
could have some impact on both velocity 


* For an alternative view, see the analysis of what I 
termed “The peanut theory of prices” (p. 745), in my 
1968 comment. 
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and interest rates. But if we really knew 
the effect on velocity we could more easily 
achieve the same goal by appropriately 
altering the money stock. 

Jt is worth noting that in 1972 both 
velocity and short-term interes rates in- 
creased. If price expectations had been 
altered as substantially as the Report 
claims, how can we explain why both 
velocity and short-term rates moved in the 
wrong direction? Obviously, either price 
expectations did not really chenge very 
much and/or the impact of the altered 
anticipations was swamped by other fac- 
tors. In any event, it suggests that the 
shift in expectations played a minor and 
uncertain role in the events of the year. 

Comparing the discussions of price and 
wage controls in the 1972 and 1973 Re- 
ports, I found that the 1973 Report was 
unable to provide any additicnal eco- 
nomic arguments for them, except perhaps, 
at the time the 1973 Report was written, 
the 1972 deceleration of inflation gave the 
program some appearance of success. 
When reviews of the 1972 Report were 
written for this and other scholarly 
journals the Phase II controls program 
was already in place. I believe the critiques 
of Alchian, Kessel, and Phelps, with whose 
views I concur, read even better than 
when they were first written in the spring 
of 1972. Neither the 1973 Report nor the 
events subsequent to these reviews seri- 
ously challenge their contentions that the 
controls were, at the very least, dis-uptive, 
wasteful, discriminatory, arbitrary, costly 
—and ineffective. 

Because the 1973 surge of inflation fol- 
lowed so quickly on the heels of the relaxa- 
tion of Phase II controls, it will be difficult 
for the public not to draw incorrect post 
hoc propter hoc inferences that controls 
had been effective. Indeed, after the 
President and his economic advisers and 
spokesmen in and out of the Council of 
Economic Advisers had for so long attrib- 
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uted so many good results to the controls, 
citizens are justifiably puzzled why the 
reluctance to go still further with even 
stronger measures. As the 1973 Report 
said, “... nothing seems more obvious 
than that the imposition of controls should 
curb inflation” (p. 63). The long and dis- 
mal historical record that price and wage 
controls can, at most, only appear to curb 
inflation temporarily appears to have been 
subordinated to the requirements that the 
Administration do something, even if the 
actions were detrimental to both eco- 
nomic efficiency and individual liberty. 
The added defense, “...the controls 
had a symbolic value as evidence of the 
Government’s determination to take what- 
ever steps might be necessary to check 
inflation” (p. 63), may help to explain the 
symbolic acts of the executive branch of 
the federal government. There has clearly 
been a clamor for action, and controls give 
the appearance of action. In a democracy 
it is dithiicult, indeed, for any political 
leader this side of heaven to resist such 
demands, especially if, in the process, more 
power and discretion flow to him. I would 
like to believe the chain of events was not 
inevitatle—that the only options were 
not between weak and tough controls, es- 


pecially since I am convinced that there is’ 
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little on tke horizon to alter the world- 
wide inflationary bias. 

Economic policy has suffered from a 
lack of leacership and candor. It is not too 
much to ask that the President whose 


leadership in foreign affairs made possible 


the first tundamental changes in Amercan 
foreign policy in a generation, who led the 
successful -ampaign to eliminate conscrip- 
tion, and who cut the dollar loose from 
the incubus of gold and fixed exchange 
rates, also exercise some of the same 
qualities af leadership at home. 
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The 1973 Report of the President's 
Council of Economic Advisers: 
A Critique 


By MICHAEL PARKIN” 


The record of the American economy in 
1972 looked impressive. The major pre- 
occupation, the rate of inflation, was re- 
duced (as measured by the Consumer 
Price Index) from almost 5 percent in 1971 
to a little over 3 percent by the end of 
1972. This was achieved at the same time 
as the unemployment rate was being cut 
back from its 6 percent peak in 1971 to end 
1972 at 5.1 percent, and as the real growth 
rate (as measured by constant price GN P) 
was being stepped up from its 1971 level of 
2.7 percent to 6.5 percent. The prospects 
for 1973, as seen by the Council of Eco- 
nomic Advisers (CHA) in the Report point 
to an equally impressive performance. The 
inflation rate is seen as falling further to 
the region of 23 percent, unemployment 
as falling further to the 44 percent zone, 
and constant price GNP as growing by 
even more than in 1972 at about 6% 
percent. 

The view of the Report is that 1972’s 
successes were due to a combination of the 
skillful use of fiscal and monetary policy 
and to the wage-price controls associated 
with the Economic Stabilization Act 
amendments initiated on August 15, 1971. 
“Fiscal policy was deliberately expansion- 
ary in 1972” (p. 40) with stimulation 
coming from both spending increases and 


* Professor of economics, University of Manchester. 
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tax reductions. The money stock (narrow 
definition) grew at 8.9 percent on the 
year and short rates moved up from the 
low levels they attained in the middle oz 
1971 while long rates remained remarkably 
steady. This mix of expansionist fiscal 
policy, moderated slightly by firm (but 
not tight) monetary policy, is seen as hav- 
ing stimulated the increased real output 
and fall in unemployment. It is argued 
however (ch. 2) that, in the absence of the 
wage-price control program, this stimula- 
tion of nominal demand would have had a 
bigger effect on prices and less eifect on 
real output and employment. Hence, the 
wage-price controls are seen by the CEA as 
an essential accompaniment to the fiscal 
and monetary reflation. 

The predicted success for 1973 is seen as 
stemming from a slowing down of the 
growth rate of nominal GNP from 11 per- 
cent to 9 percent resulting from a shift of 
the budget from a position of deficit to one 
of balance at full employment, and from a 
‘,. slower increase of the supply of 
money...” (p. 75). The 9 percent growth 
in money GNP will be translated into a 
6 percent (or more) real growth rate and a 
3 percent (or less) inflation rate with the 
help of Phase III of the wage-price con- 
trols, the essence of which is “. . . that the 
Government retains the enforcement abil- 
ity and authority necessary to the Netion’s 
anti-inflation objective while leavirg the 
private sector the maximum possible free- 
dom to pursue productivity, efficiency, and 
collective bargaining” (p. 82). 

In marked contrast to the successful 
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developments of real output, employment, 
and the price level, the U.S. balance of 
payments remained in deficit in 1972. The 
balance on current account and long-term 
capital account was (on a provisional esti- 
mate) running at a $10 billion deficit for 
1972. This is $1 billion worse than 1971 
and $7 billion worse than 1970. The cur- 
rent account alone deteriorated by almost 
$6 billion during 1972. During this same 
period the international monetary system 
has undergone considerable turmoil and 
change. The Report sees the balance of 
payments improving during 1973, largely 
as the result of “...the dollar devalua- 
tion, reinforced by the lower rate of in- 
flation in the United States than in other 
major incustrialized countries in 1972, 
[which] is beginning to affect U.S. ex- 
ports and imports” (p.115) but admits that 
|. long-term changes in trade patterns 
have tended to make the elimination of the 
U.S. balance-of-payments deficit more 
difficult” (p. 116). A crucial ingredient in 
the solution to America’s (and every other 
_ country’s) balance-of-payments problem 
is the reform of the world monetary sys- 
tem. The Report presents the, by now, 
widely rehearsed American case for solving 
the liquidity problem by placing more 
emphasis on SDKs and for solving the 
adjustment problem by having greater 
two-way flexibility of exchange rates based 
on the objective criterion of reserve 
changes. 

What questions are raised by this brief 
review of 1972 and preview of 1973 as de- 
veloped in the Report? The most obvious 
question which arises concerns the role of 
the wage-price controls in the slowdown 
of the inflation rate. The success of 
American macroeconomic policy in 1972 
has not gone unnoticed in other countries. 
In particular, the British are so enamoured 
of the American performance that they 
have set up a wage-price control program 
which veplicates the August 15 U.S. 
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measures. Also, discussions underway in 
Australia as the new Labour Government 
begins to tackle that country’s inflation 
problem are being heavily influenced by 
America's recent experience. 

The infectiousness of wage-price con- 
trols gives some urgency and importance 
to the questicn: what was the source of 
America’s success? Did the controls con- 
tribute to the slowdown of inflation or 
was that slowdown entirely due to 
“.. slowing down the rise of Federal 


- spending and continuing the temporary 


tax increase that had been enacted in 
1968 ard by tightening monetary condi- 
tions” (p. 3). In view of the fact that some 
countries (again the UK in particular) are 
followirg the United States with wage- 
price controls but not with fiscal and 
monetary stringency, this additional ques- 
tion assumes considerable relevance. Fur- 
ther, there is some danger (hinted at by 
the Revort)' that the U.S. reflation, 
which is now underway will, instead of 
gradually converging on a sustainable de- 
gree of resource utilization, overshoot and 
stimulate a further bout of inflation. If 
this happens, will a reactivation of mea- 
sures similar to those used following 
August 1971 be adequate, or will the 
economy again have to be put into a 6 
percent unemployment recession to get 
rid of the inflation? These questions are 
examined in Section I below. 

A second set of questions which emerge 
concerr. the broad strategy being adopted 
towards fiscal and monetary policy and 
the execution of that strategy. Are the 
demand management policies which are 
being pursued well conceived and likely 
to lead to the achievement of “the basic 
mandate for policy set forth in the Em- 
ployment Act...to achieve ‘maximum 
emplcyment, production and purchasing 
power’?” This is looked at in Section IT. 


1 Develcpmeats in 1973 have made this danger a 
reality. 
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Finally, what are the likely implications, 
with respect to employment and inflation 
of the international monetary reforms 
advocated by the Report? Would those 
reforms simply free policy making from 
the balance-of-payments problem, and in 
themselves, be neutral towards employ- 
ment and inflation or will the attainable 
levels of unemployment and inflation be 
different as a result of intreducing SD Rs as 
additional reserve assets and adopting 
greater exchange rate flexibility between 
the major currencies? This is examined in 
Section III. 


I. The Wage-Price Controls 


Did the wage-price controls reduce the 
inflation rate below what it would have 
been in the absence of controls? The Re- 
port answer is a cautious “yes.” It is 
argued that there are three pieces of evi- 
dence which lead to that conclusion. First, 
the “...econometric study of the rela- 
tion between the rate of inflation and other 
variables, such as unemployment, prior 
inflation rates, and growth of demand. 
[shows that when] The relations derived 
from past experience are used to project 
what the inflation rate would have been 
in the absence of controls...., the pro- 
jected inflation rate... [is] larger than 
the rate actually experienced in 1972,” 
(p. 61). Second, the distribution by size of 
wage adjustments in collective bargaining 
changed importantly between 1971 and 
1972. In 1971 the distribution was bi- 
modal with one mode (16 percent of 
settlements) in the 6-7 percent range and 
the other (53 percent of settlements) in 
the open ended 10 percent plus range. In 
1972 the distribution became much more 
compressed and had a single mode (24 
percent of settlements) in the 6-7 percent 
range.” Third, evidence from both public 
attitude surveys and from the behavior of 


2 See the Report, Table 17, p. 62. 
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interest rates indicate that inflationary 
expectations reduced more sharply in the 
months immediately after August 1971 
and continued to decline during 1972. 
(pp. 62-64). 

The first thing that we should note in 
attempting to evaluate the effects of the 
controls on the inflation rate is that, al- 
though a quarter by quarter explanation 
of the movements of wages and prices 
needs a quite sophisticated model, in 
broader terms, there is no mystery about 
the determinants of U.S. inflation. William 
Nordhaus has shown that, for annual 
data, the best simple explanation of the 
U.S. inflation seems to be provided by an 
expectations augmented Phillips curve. 

Nordhaus’s equation, estimated on an- 
nual data for 1956 to 1968, explains a very 
high proportion of the variance of the rate 
of wage change, pp. 443-46, has residuals 
which appear to be free from autocorrela- 
tion, has a coefficient which is not sig- 
nificantly different from unity on the ex- 
pected inflation rate and predicts ‘the 
1969-71 wage change with remarkable 
accuracy.’ This simple model has impor- 
tant implications for the cyclical develop- 
ment of inflation and unemployment. A 
version of the model may be written as:4 


+ Nordhaus’s equation is 


Aln wy= —0.01724-1.962 u }4-0.873 If 
(0.371) (0.204) 


where Aln w is the first difference in the natural loga- 
rithm of hourly earnings, «; is the unemployment rate, 
and Wj is the expected inflation rate (calculated as 
weighted average of past actual inflation). The figures | 
in parentheses are standard errors. The standard error 
of estimate is 0.0062 and the D.W. 2.36. The prediction 
errors beyond the end of the sample period were: 


1968 1969 1970 1971 
+0.8 —0.2 —0.7 +0.6 


(see Nordhaus, Table 9, p. 447). 

4 The particular form of the analysis presented here 
was developed by Herschel Grossman, and suggested to 
me in discussions with him on this subject. Qualitatively 
similar formulations are to be found in Edmund Phelps- 
and in David Laidler. 
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(1) p= rX + p TABLE 1—THE CHANGES IN INFLATION 
AND CHANGES IN UNEMPLOYMENT, 
(2) P = yp + (1 — yp 1965-72 
where Proportion- Predicted 
p=actual rate of inflation Change ate Change Sign Sign of 
S cedre o niat in Rate in Unem- of Change 
p°= expected rate of inflation of ployment Excess in 
X =excess demand (proxied by the in- inflation Rate De- Inflation 
verse of unemployment) (1) (2) mand Rate 
—z= time lag 1965 +0.7 —0.13 0 a 
; ; 1966 1.5 —0.16 
We see that the change in the rate of in- 1967 E 0.00 7 
flation is given by: 1968 41.7 —0.05 + J 
1969 +1.4 —0.03 = + 
À . 1970 —0.6 +0.40 — — 
(3) (p — pa) => X — X. 1971 —2.1 +0.20 = = 
age 1972 0.0 —0.05 — ? 


In words, the inflation rate rises or falls 
. according to the values of the current and 
previous levels of excess demand. If excess 
demand is positive (X >0) and the previ- 
ous value was negative (X_,<0) then 
Inflation increases. In other words, if the 
economy is moved from a position of ex- 
cess supply to excess demand, the inflation 
rate rises. If, on the other hand, the econ- 
omy moves from excess demand (X_,>0) 
to excess supply (X <0), inflation falls. If 
excess demand is positive in two successive 
periods, i.e., (X >0, X_1>0), then infla- 
tion rises or falls, i.e., (#— pı) 20 as 
AX/X1.2—y. That is, if excess demand 
falls, unless it falls by more than y times its 
previous value, inflation still rises. On the 
other side, if excess demand is negative, 
(p—p-1)20 as AX/X_41S—y. That is, 
with excess supply (negative excess de- 
mand}, a rise in excess supply always 
lowers inflation but a fall in excess supply 
only lowers the inflation rate if it is bigger 
than y times its previous value. These 
qualitative predictions seem to fit the 
U.S. economy almost exactly, provided 
we assume that X=O is associated with a 
4.5 percent unemployment rate. 

Table 1 sets out the annual behavior of 
the relevant variables in the U.S. economy 
since 1965. Excess demand was positive 
and rising in each of the years 1965, 1966, 


Sources: Tke Report, Col. (1) Table C-50, p. 262; Col. 
(2) Table C-26, p. 223. 


1968, and 1969. In each of those years, as 
predicted, the rate of inflation increased. 
In 1967, excess demand was steady and the 
inflation rate was held steady (—0.4). In 
the years 1970 and 1971, excess demand 
was negative and increasing, so, and again 
as predicted, the inflation rate decreased in 
both years. In 1972, excess demand re- 
mained negative but moved closer to zero 
and the inflation rate steadied. The above 
analvsis is, of course, purely qualitative 
and I would not want to press it in precise 
quantitative terms. Nevertheless, in broad 
terms, it suggests that the U.S. inflation— 
its build-up and gradual decline—can be 
explained by the movements in the pres- 
sure of excess aggregate demand as re- 
flected in the unemployment rate. The 
question to ask about the wage-price con- 
trols then, is not did they reduce the U.S. 
inflation, but did they have any effect in 
additicn to that of the level of aggregate 
demand? 

Let us examine the three pieces of evi- 
dence suggested by the Report. First, the 
econometric work. The only published 
econometric study seems to be that by 
Roberi Gordon (1972). Gordon first com- 
pares his own earlier wage-price model 
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(1970) with those of Otto Eckstein and 
Roger Brinner and George L. Perry 
(1970) and finds his own model tracks the 
precontrols period better than either of 
the other two models. He then uses his 
model to simulate the period from 1971:IV 
to 1972:II and finds that, on the average 
during those three quarters, wages rose by 
0.68 percent per annum and prices by 
1.85 percent per annum less than the 
model predicted they should have done.’ 
What are we to infer from this? First, of 
course, we must recognize that we are 
dealing with a simulated prediction which 
runs over only three quarters and from a 
model which, whilst it tracks 1955-71 
quite well, is by no means a deterministic 
relationship. Indeed, the equations were 
predicting the change in prices in the post- 
sample precontrols period of 1971:I and 
If quite badly. The average predicted rate 
- of price change for 1971:I and II was 3.91 
percent per annum against an actual rate 
of 4.65 percent.® The prediction error was 
positive by 1 percent in 1971:I and by 
z percent in 1971:II.7 Thus, the model 
was underpredicting price change just 
prior to the controls but by a decreasing 
amount. It would therefore be rash to at- 
tribute the overprediction during the 
three controls quarters as being entirely 
due to the controls. l : 
Second, the fact that Gordon’s results 
show a marked departure of the behavior 
of prices from that of wages, implying that 
the controls substantially reduced profit 
margins should give some doubt about the 
lasting effects of the controls on the infla- 
tion rate. If, over some period of control, 
two broad indices of inflation do not bear 
the same relationship to each other as they 
do on the average, in the absence of con- 
trols, then we must expect some com- 


5 See Gordon (1972), pp. 407-12 and Table 5, p. 411. 

8 See Gordon (1972), p. 408. 

‘These figures are approximate and based on the 
results charted in Figure 2 of Gordon (1972) p. 409. . 
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pensating departure in the opposite direc- 
tion, either later in the control period or 


-when the controls are removec. In this 


case, we must expect some subsequent 
faster price rises or slower wage rises or a 
combination of the two to restore relative 
prices to what they would have been in 
the. absence of controls. Whether the ad- 
justment will come out in wages or in 
prices will depend largely on the monetary 
and fiscal position. The fact of controls is 
likely to encourage fiscal and monetary 
adventurism and therefore to put the 
economy into a situation such that wages 
will continue on their course wizh prices 
moving ahead more quickly to catch up 
to their precontrols relative posizion. Be- 
fore this issue can be settled, a longer run 
simulation will be needed tazing us 
through and beyond Phase II end into 
Phase III. 

This evaluation of Gordon’s econometric 
attempt to estimate the effects of the con- 
trols on the rate of inflation leads me to 
accept the view expressed by the Report 
that“... . evidence from this source must 
be regarded as inconclusive” (p. 61). 

The second piece of evidence for the 
effectiveness of the controls advanced by 
the Report, which it seems to regard as 
more convincing than the econometric 
studies, is the distribution of wage changes 
in collective bargaining in 1972. I and the 
reasoning here throughly confusing and 


- misleading. It is true that the distribution 


by size of wage change shifted downwards 
considerably between 1971 and 1972. 
However, the rate of wage and price in- 
flation was also falling at that time, hence, 
the distribution must have shifted down- 
wards! What is at issue is not the fact but 
the cause. If the 1972 distribution & com- 
pared with 1968 (Table 17, p. 62) it :s clear 
that the differences are minute and en- 
tirely in life with the view that the con- 
trols had no independent effect on the in- 
flation rate but might have narrowed the 
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TABLE 2—INFLATION AND EXPECTATIONS 
(All Percent Per Annum) 


Proxies* for Changes in Expected 
Rate of Inflation over 


3 months 4-6 months Long-Term 
(1) 2) (3) 

1971 

August —0.32 — 0.02 —0.05 
September —0.73 0.00 —0.02 
October —0.91 —0.21 —0.25 
November —1.21 — 0.83 —0.38 
December — 1.38 "1,01 —0.39 
1972 

January —2.00 — 1.67 —0.45 
February — 2.22 — 1.82 —0.37 
March — 1.68 — 1.58 — 0.40 
April —- 1.68 —1.17 —0.34 
May ~— 1.75 — 1.24 —0.34 
June —-1.53 — 1.11 —0.41 
July . . — 1.34 —0.90 —0.43 
August — 1.39 —0.93 —0.45 
September —0.75 —0.61 —0.42 © 
October —0,68 —~0.45 —0.43 
November — 0.63 — 0.50 —0.52 
December —0.34 —0.30 —0.56 


s Figures given are differences between the current 
month’s value of the given interest rate and its value in 
July 1971. Interest rates: Col (1) 3 month U.S. Treas- 
ury Bill rate; Col. (2) Prime Commercial Paper 4-6 
months rate; and Col. (3) Moody’s Corporate Bond 
Rate (Aaa). Source of basic data: the Report Appendix 
C, p. 261, Table C-57. 


distribution of wage changes by moving 
people nearer to the guidepost from both 
directions. 

The effects of the controls on expecta- 
tions are more striking and clear. Table 2 
sets out the cumulative movements of 
three interest rates from August 1971 to 
December 1972. It is plausible to attri- 
bute the sharp fall in short rates by the 
end of 1971 to a widely held expectation 
that the controls would reduce inflation 
by a substantial amount in the short run. 
However, the behavior of long rates indi- 
cates that no such expectation was en- 
tertained about the longer run. The long 
rate was falling steadily month by month 
throughout the entire period of the Phase 
I “Freeze” and Phase II with no sharp 
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break in its time path in late 1971. Making 
firm inferences from data like those set out 
in Table 2 is not possible since many 
factors, both domestic and international, 
are at work and affecting the rates. How- 
ever, the data do not seem to be inconsis- 
tent with the view that the controls 
moved pezople’s short-term expectations 
about very sharply but had no perceptible 
impact on long-term inflationary expecta- 
tions. Since the actual rate of inflation fell 
by more than 1 percent point over the 
period from August 1971 to December 
1972 a conventional “error learning” 
hypothesis would be consistent with a fall 
in expectations as indicated by the long- 
term bound rate in the region of 0.56 per- 
cent points. 

Others than the CEA and those cited 
above have done work on the effects of the 
1971-72 wage-price controls.’ Although 
there is no general consensus in these 
papers, the points of substance made in 
them either agree with the position 
adopted here, or are challenged by the 
argumer:ts which I have presented. Also 
these ccnclusions are entirely in line with 
those reached concerning the earlier U.S. 
experiments with guideposts and with the 
experier.ce of other countries. 

The effects of the wage guideposts ap- 
plied in the early 1960’s have been ex- 
tensively studied. George Perry (1967) 
found some evidence for a downward pres- 
sure on wages during that period. How- 
ever, criticisms of Perry’s work by Paul 
Anderson, Adrian W. Throop and Michael 
Wachter, and more recently by Gordon 
(1972) suggest a consensus view (not 
sharec, perhaps, by Perry) that other 
labor market variables not related to the 
guideposts, are capable of explaining 
Perry's results. Philip Cagan et al. (1972) 


® See. for example, Gardner Ackley (1972), Barry 
Bosworth, E. R. Fiedler, M. L. Weidenbaum, and H. S. 
Houthakker (1972a). 
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also find it impossible to attribute the be- 
havior of wages in the early 1960’s to the 
guideposts. 

Evidence from other countries points in 
the same direction. In particular, evidence 
from the UK,” where experience has been 
more prolonged and varied, indicates a 
pattern of response to controls which 
implies temporary success followed by 
failure such that, on the average, wage 
and price inflation rates do not depart 
from the predictions of econometric mod- 
els, although the quarter by quarter pre- 
dictions during controls periods are quite 
erratic as compared with noncontrolled 
periods. In fact, price equations display 
more erratic quarter by quarter behavior 
than the wage equations during such pe- 
riods. It could well be the case that 
Gordon’s apparently favorable results on 
prices are influenced by such erratic be- 
havior, which, for the first three quarters 
of controls happened to reduce the price 
change. If so, we can expect to see an over- 
inflation of prices, relative to wage change 
in subsequent quarters. 

In summary then, it seems that the 
broad movements in the U.S. inflation 
rate can, with little doubt, be attributed to 
movements in aggregate demand while the 
independent effects of the controls sug- 
gested by the Report (and others) are hard 
to find, except as transitory phenomena 
affecting short-run inflationary expecta- 
tions. 


IY. Demand Management 


The broad strategy of demand manage- 
ment policy!® has two features. First, the 
indicator of appropriate policy is presented 
as the money value of GNP; “. . . the ap- 
propriate policy goal in the ensuing period 
would seem to be a steady increase of 
money demand (money GNP) at a rate 
consonant with the potential growth rate 


° See especially Parkin, Sumner, and Jones. 
10 See the Report, ch. 3, pp. 71-74. 
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of the economy and reasonable price 
stability” (p. 73). It is suggested that a 
rate of 9 percent is indicated for 1973. 
How this should be translated into prices, 
real output, and employment is only sug- 
gested and veiled with qualifications. The 
best guesses are presented as 6 percent (or 
more) for real output; 3 percent (or less) 
for prices and unemployment at around 

4 percent. There is clearly, however, no 
firm commitment, especially to this last 
figure. . 

The second feature of the policy strategy 
concerns the manner of approach to 
“maximum employment.” “... [T jhe be- 
havior of the economy in the near future 
will be determined not only by whether 
it is operating below or above some nu- 
merical potential output or below or above 
some target rate of employment, but also 
by the speed and manner with which it 
approaches the range of its potential 
levels” (p. 72). l 

Three questions seem to be raised by 
this overall strategy for fiscal and mone- 
tary policy and by the detailed judgments 
which lay behind the projections for 1973. 
First, is the pursuit of some numerical 
target for the money GNP growth rate, 
rather than some numerical target for the 
unemployment rate, appropriate? Second, 
is a gradual approach to full employment 
a necessary feature of sound demand 
management policies at the present time? 
Third, are the predicted movements in the 
unemployment rate, the inflation rate and 
level of money GNP compatible with each 
other, and if not, which of them looks like 
missing its target? 

The broad strategy seems to me to be 
well conceived. It might be described as a 
sophisticated monetarist approach to de- 
mand management. A simple-minded 
monetarist approach argues that a target 
growth rate for the money supply will give 


- the maximum stability since any random or 


other variation in real aggregate spending 


pe 
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will be damped off by associated changes in 
interest rates. The best objection to this 
view points out that there are lags in the 
operation of monetary policy, which lags 
are presumably present whether such 
policy is being used actively to initiate a 
change or passively to damp out changes 
being initiated elsewhere. On the other 
hand, fiscal policy operates more quickly 
and hence variations in aggregate demand 
might be smoothed out even more com- 
pletely than they could by monetary pol- 


icy alone if a money stock expansion rule, 


is augmented by discretionary fiscal policy. 
However, if fiscal and monetary policy are 
to be used together and used successfully 
to stabilize the level of economic activity 
at or near its maximum output level then, 
in effect, aggregate demand becomes per- 
fectly inelastic with respect to the general 
level of prices and wages. In such a situa- 
tion, the levels of prices and wages and 
their inflation rates will be determined 
purely by self-fulfilling ‘expectations on 
the supply side. This price level inelastic- 
ity of aggregate demand can only be 
avoided if fiscal and monetary policy 
makers are willing to see some fluctuation 
in the level of real economic activity and 
the overall level of employment. 

- One possible approach is that suggested 
by the Report, namely to announce a tar- 
get rate of expansion for money GNP and 
then to leave the private sector, through 
competitive price fixing and free collective 
bargaining, to make decisions about wage 
and price levels in the light of the authori- 
ties’ announced money GNP expansion 
rate and the underlying trends in real pro- 
ductivity. A tendency to overinflate wages 
and prices would, in such a situation, result 
in a rise in the unemployment rate and a 
slow down in the real expansion rate. A 
tendency to underinflate wages and prices 
would have the reverse effect. There would 
be a built-in mechanism of the expectations 
augmented Phillips curve type for adjust- 
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ing the rate of wage and price inflation, 
albeit at a price. Also, by announcing well 
ahead o: time the planned underlying 
growth rate of money GNP and further 
sticking to those plans, the authorities can 
give maximum help to the expectations 
mechanism. If a target growth rate for 
money GW P is announced and adhered to, 
and if people come to believe the authori- 
ties intentions with regard to money GNP 
expansion, then the implied underlying 
inflation rate might become widely and 
firmly expected and hence the underlying 
actual rate of wage and price adjustment 
should be broadly in line with that expec- 
tation and give rise to minimal unintended 
adjustments in the overall level of real 
activity and employment. Controlling 
money GNP has the further virtue that 
although macro-economic control is less 
than perfect, control of this particular 
magnitude is easier than control of either 
the real component or the price level com- 
ponent separately. 

While approving of the broad strategy 
of monetary and fiscal policy, I have some 
doubts about the precise details and nu- 
merical magnitudes that have been adopt- 
ed for 1973. A great deal of emphasis is 
placed by the Report on avoiding “too 
fast a dash” for the maximum output tar- 
get on the grounds that the behavior of the 
economy depends not only on the level of 
demanc but also‘on the speed with which 
that level is approached. It is clearly right 
that a rapid increase in demand, other 
things equal, will be more inflationary than 
a gradual increase. It does seem, however, 
from simulation studies, that provided 
the eccnomy does not overshoot its nat- 
ural unemployment rate, then a rapid ap- 
proach does not have such serious conse- 
quences. Recent simulations of the wage 
price blocks of three large econometric 
models of the United States indicate that 
what 13 most important is not to over- 
shoot. The speed of approach to the full 
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employment zone whilst not unimportant, 
is a secondary matter. This is particularly 
clear in the simulations reported by Albert 
Hersch." Hersch shows that in a simula- 
tion running forward from 1973 through 
into the 1980’s starting out with an infla- 
tion rate of 5 percent and an unemploy- 
ment rate somewhat below 4 percent that 
if unemployment is allowed to rise for two 
and one-half years to the neighborhood of 
6 percent and then allowed to fall during 
the next two and one-half years to the 
neighborhood of 44 percent the inflation 
rate will fall off, slowly at first, and then 
more quickly to the region of 24 percent. 
As the unemployment rate settles down 
at its 4% percent rate there will, for two 
years, be a slight increase in the inflation 
rate, but only by something of the order of 
3 percent. The inflation rate will then 
settle down to a steady level. 

Similar implications seem to follow 
from the monetarist analysis of Leonall 
Anderson and Keith Carlson. They pre- 
sent simulations in which a monetarist 
control rule is operated. They use alter- 
native numerical values for the rule, 
namely 2, 4, and 6 percent for the growth 
of the money stock. Although the ultimate 
inflation rates and the maximum unem- 
ployment rates en route differ between the 
three time paths, they nevertheless have a 
similar broad structure. The unemploy- 
ment rate rises at first, then comes down 
fairly sharply eventually overshooting 
slightly and finally approaching a steady 
inflation rate from above and unemploy- 
ment rate from below. What seems to be 
crucial on the basis of these studies is not 
that the economy approach its full employ- 
ment target either asymptotically or par- 
ticularly gradually. An oscillatory ap- 
proach of the inflation rate seems to be 
manageable on the basis of past relations. 
What is crucial is that the economy does 


1 See also G. de Menil and J. J. Enzler. 
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not overshoot and remain in excess demand 
for any length of time. 

Is there any danger that the present 
monetary and fiscal policy stance in the 
United States may push the economy into 
such a situation? The answer to this ques- 
tion must depend on the way in which the 
authorities, in detail, conduct their mone- 
tary and fiscal policy during 1973. The 
broad compatibility of the projected in- 
flation and unemployment rates must at 
least be queried. Most of the large scale 
econometric models imply that a long-run 
unemployment rate of 43 percent is com- 
patible with an inflation rate of somewhat 
under 3 percent.’* However, such models 
tend to ignore the role of inflationary ex- 
pectations. These are probably running 
somewhat ahead of the 3 percent level so 
that for 1973 a somewhat higher unem- 
ployment rate would be indicated as being 
compatible with an inflation rate of the 
order of 3 percent. The models whick. im- 
ply no long-run tradeoff would also predict 
a higher unemployment rate being associ- 
ated with a 3 percent inflation rate, given 
the inherited expectations of 1973. If the 
course of the unemployment rate is given 
most weight then it is likely that money 
GNP will be allowed to grow more quickly 
than 9 percent and the inflation rate will 
pickup. If, on the other hand, the money 
GNP growth target is pursued and adhered 
to, then it seems likely that the unemploy- 
ment rate will fall less quickly than pro- 
jected and fail to achieve the 4} percent 
target by the end of 1973 while inflation 
might well be contained at the 24 percent 
to 33 percent range.” 


III. International Monetary 
Reform Proposals 


The central features of the U.S. pro- 


12 See, e.g., de Menil and Enzler, Table 6, p. 307. 

13 It is now (May 1973) clear that money GNP is 
growing much faster than 9 percent and inflation has 
taken off again. 
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posals for international monetary reform 
are first, the phasing out of gold and phas- 
ing in of SDKs to operate alongside na- 
tional currencies (primarily the U.S. dol- 
lar) as international reserve assets and 
second, a symmetrical exchange rate ad- 
justment mechanism based on reserve 
changes. Certain aspects of these pro- 
posed changes seem to have received too 
little attention from the Report. 

It has been repeatedly pointed out for 
two hundred years and most recently by 
Robert A. Mundell (1971) and Harry G. 
Johnson (1971, 1973) that, in a world in 
which exchange rates are rigid, the expla- 
nation for inflation has to be sought at the 
level of world aggregate monetary expan- 
sion and excess demand and not at a na- 
tional (or regional) level. An increase in 
total demand in the United States does 
not necessarily lead to an increase in the 
rate of inflation in that country. If the rest 
of the world is underemployed, then an 
increase in American demand would spill 
over through the balance of payments into 
an increase in demand elsewhere and have 
little or no effect on the general inflation 
rate. If, alternatively, the rest of the 
world is at full employment then an in- 
crease In demand in the United States will 
lead to the emergence of universal infla- 
tionary pressures. 

The experience of the world economy in 
the latter part of the 1960’s and the 1970’s 
is an excellent example of such a process. 
With the U.S. balance-of-payments deficit 
running at $30 billion in 1971 and $12 bil- 
lion in 1972, and with the rest of the world 
operating at or near its full employment 
potential, it is not surprising that the 
world as a whole has been sharing in the 
U.S. current inflation. The introduction of 
SDRs, at a time when, because of the U.S. 
balance-of-payments deficit, world liquid- 
ity was rising too quickly, has simply ex- 
acerbated the situation. The initial SDR 
allocations of $3.5 billion in 1970, and $3 
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billion in each of 1971 and 1972, when 
added to the U.S. balance-of-payments 
deficits 27 $10 billion (1970), $30 billion 
(1971), and $12 billion (1972), have given 
rise to an increase in world reserves of 18 
percent between 1969 and 1970, 45 per- 
cent in 1970-71, and 21 percent in 1971-72. 
Clearly, such increases have inflationary 
effects. 

This is not to argue that SDRs are, in 
principle, a source of inflation. Rather, if 
world liquidity is to be added to via SDR 
creation, and if the international commu- 
nity is ta exercise control over the rate of 
liquiditv creation, then the U.S. balance- 
of-payments deficit must be brought much 
closer tc equilibrium than it has been 
since 1969. To achieve this, U.S. monetary 
policy would have to be modified sub- 
stantially with a (gradual) slowdown in 
the rate of money creation possibly com- 
bined with exchange rate adjustments. If 
the United States does not take these | 
steps then it cannot eliminate its inflation. 
Unlike smaller countries, the United 
States cannot ignore the effects of its poli- 
cies on the rest of the world and the feed- 
backs which arise from those effects. Given 
the pursuit of full employment policies. in 
all countries outside the United States, a 
rapid U.S. monetary expansion rate and 
associated balance of payments deficit 
leads to a world wide inflation in which 
the United States inevitably shares. 


REFERENCES 


G. Ackkey, “Observations on Phase II and 
Wage Controls,” Brookings Papers, Wash- 
ingtor 1972, 1, 173-90. 

» “An Incomes Policy. for the 1970's,” 
Rev. tcon, Statisi., Aug. 1972, 54, 218-23. 

L. C. Arderson and K. M. Carlson, “An Econ- 
ometric Analysis of the Relation of Mone- 
tary Variables io the Behaviour of Prices 
and Unemployment,” in O. Eckstein, ed., 
Tke Econometrics of Wage Determination 
Conjerence, Washington 1972, 166-83. 

P. Anderson, “Wages and the Guideposts: 





VOL. 63 NO. 4 


Comment,” Amer. Econ. Rev., June 1969, 
59, 351-54. 

B. Bosworth, “Phase IJ: The U.S. Experi- 
ment with an Incomes Policy,” Brookings 
Papers, Washington 1972, 2, 343-83. 

P. Cagan, et al., Economic Policy and Infa- 
tion in the Sixties, Washington 1972. 

G. de Menil and J. J. Enzler, “Prices and 
Wages in the F.R-M.I-T.-PENN Econo- 
metric Model,” in O. Eckstein, ed., The 
Econometrics of Wage Determination Con- 
ference, Washington 1972, 277-308. 

O. Eckstein and R. Brinner, “The Inflation 
Process in the United States,” study pre- 
pared for the use of the Joint Economic 
Committee, 92 Cong. 2d sess., 1972. 

E, R. Fiedler, “The Price-Wage Stabilization 
Program,” Brookings Papers, Washington 
1972, 1, 199-206. 

~ RB. J. Gordon, “The Recent Acceleration of In- 
flation and its Lessons for the Future,” 
Brookings Papers, Washington 1970, 1, 8- 
41. 





, ‘“Wage-Price Controls and the Shift- 
ing Phillips Curve,” Brookings Papers, 2, 
Washington 1972, 385-421. 

A. A. Hersch, “Price Simulations with the 
Q.B.E. Econometric Model” in O. Eckstein, 
ed., The Econometrics of Wage Determina- 
tion Conference, Washington 1972, 237-76. 

H. S. Houthakker, (1972a) “Thoughts on 
Phase II,” Brookings Papers, Washington 
1972, 1, 195-98, 

» (1972b) “Are Controls the Answer,” 

p. Rev, Econ. Statist., Aug. 1972, 54, 231-34. 

H. G. Johnson, “Inflation and the Monetarist 
Controversy,” De Vries Lectures 1971, Am- 
sterdam 1972. 

, Further Essays in Monetary Eco- 

nomics, London 1973. 








PARKIN: CRITIQUE OF THE CEA REPORT 545 


D. Laidler, “Simultaneous Fluctuations in 
Prices and Output: A Business Dycle Ap- 
proach,” Economica, Feb. 1973, 20, 60-72. 

R. A. Mundell, Monetary Theory: Inflation, 
Interest, and Growth in the World Economy, 
Pacific Palisades 1971. 

W. D. Nordhaus, “The Worldwide Wage Ex- 
plosion,” Brookings Papers, Washington 
1972, 2, 431-63. 

J. M. Parkin, M. T. Sumner and R. A. Jones, 
“A Survey of the Econometric Evidence of 
the Effects of Incomes Policy on the Rate 
of Inflation,” in J. M. Parkin ard M. T. 
Sumner, eds., Incomes Policy and Inflation, 
Manchester 1972. ` 

G. L. Perry, “Wages and the Guideposts,” 
Amer. Econ. Rev., Sept. 1967, 57, 397-904. 

——, “Wages and the Guideposts: Reply,” 
Amer. Econ. Rev., June 1969, 59, 365—370. 

, “Changing Labor Markets and In- 

flation,” Brookings Papers, Weshington 

1970, 3, 411-441. 

“Controls and Income Shares,” 
Brookings Papers, Washington 1972, 1, 
191-94. 

E. S. Phelps, Inflation Policy and Unemploy- 
ment Theory, New York 1972. 

A. W. Throop, “Wages and the Guideposts: 
Comment,” Amer. Econ. Rev., Jure 1969, 
59, 358-65, 

M. L. Wachter, “Wages and the Guideposts: 
Comment,” Amer. Econ. Rev., June 1969, 
59, 354-358. 

M. L. Weidenbaum, “New Initiatives in Na- 
tional Wage and Price Policy,” Rez. Econ. 
Statist., Aug. 1972, 54, 213-17. 

U.S. Council of Economic Advisers, Eco- 
nomic Report of the President, Wastington, 
Jan. 1973. 














On the Effects of Fiscal and Monetary 
Policy: A ‘Taxonomic Discussion 


By Bent HANsEN* 


Current debate on monetary and fiscal 
policies is much concerned with the ef- 
fects of such policies, and of changes in the 
budget and money supply. I propose here 
to discuss some taxonomic problems re- 
lated to the concept of policy “effects.” 
Their resolution bears directly upon the 
controversy between Keynesians and 
Monetarists. I shall show that it is largely 
a sham-dispute, and it will appear that 
the empirical findings of the Monetarists 
have little relation to the Keynesian creed. 
Even negative effects of the budget- with 
strong positive effects of money supply 
are fully consistent with strong positive 
effects of fiscal action and weak or strong 
effects of monetary action. 

The examination of the concept of ef- 
fects of economic policy will be under- 
taken in relation to a model that is speci- 
fied so as to include both the conventional 
Keynesian set-up for détermining effec- 
tive demand, and a credit mechanism that 
links effective demand to the banking 
system in the spirit of the Monetarists 


without in any sense being non-Keynesian. - 


To remain manageable the model is kept 
‘relatively simple and thus cannot do full 
justice to either side. But it does contain 


* Professor of economics, University of California, 
-Berkeley. I acknowledge valuable criticism and advice 
from George Akerlof, George Borts, and, in particular, 
Carl Christ. There has also been much feedback from 
work aiong the lines of this paper, on Indian and Pakis- 
tani fiscal and monetary policies pursued by Nurun 
Nabi Choudhry and Jayanta Roy at Berkeley and from 
students’ comments in class. Werner Neu made the ex- 
periments referred to in fn. 16, The paper was read ata 
seminar at the International Monetary Fund in No- 
vember 1572., 


the major traditional fiscal and monetary 
policy instruments in a closed economy, it 
permits a crucial institutional specifica- 
tion, ani is, indeed, in line with models 
suggested by sophisticated Monetarists 
such as Karl Brunner and Allan Meltzer. 

‘The debate has been much concerned 
with the proper choice of exogenous and 
endogenous variables in macro-models; 
and for.good reasons. For in economics 
(as in- tne experimental sciences), the no- 
tion of effect is usually defined as the dif- 
ference between two states with.and with- 


out a specified intervention (disturbance), 
' and to Intervene in a system means in the 


simples: case to change the value ‘of an 


exogenous variable. The effect per unit of 


discretionary policy measure {or dis- 
turbance) is then determined ‘by the 
multiplier, static or dynamic as the case 
may be, of the exogenous variable with 
respect tó a specified endogenous variables! 
To speak about the effects of an endoge- 
nous veriable, on the other hand, does not 
make sense.. 

In tie theory of seal policy we talk, 
however, not only about discretionary 


policy but also about built-in flexibility 


and make .a well-established distinction 
between effects of discretionary measures 


1 Jan Tinbergen, p. 2, calls this type of policy “quan- 
titative.” In the case of “qualitative” policies the inter- 
venticn :akes on more complicated forms. 

* This point was first made by Paul Samuelson, pp. 
142-43, in his distinctior. between multipliers and 
“pseudo-multipliers.” It is the same logical problem 
that mers the use of endogenous variables as “indi 
cators” of monetary policy measures or effects as lu- 
cidly demonstrated by Brunner and moe pp. 196- 
203. 
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and effects of built-in flexibility. This dis- 
tinction, as we shall see, carries over to 
monetary policy. Conceptually, however, 
the latter effects differ from the former, as 
defined in the last paragraph. When talk- 
ing about effects of built-in flexibility, we 
have in mind the difference between the 
states of two different economic structures 


(viz., economies with budgets that do or 


do not respond automatically to changes 
in the economy) exposed to the same dis- 
turbance. Sincé the problem here is to 
isolate something which can be called the 
effects of budget flexibility, the two eco- 
nomic structures should differ only in re- 
gard to whether changes that occur be 
classified as discretionary (i.e., exogenous) 
or automatic (i.e., A This re- 
quirement is easily satisfied. For if a given 
set of data can be considered as generated 
by a particular set of relations with a cer- 
tain set of variables selected as the endog- 
enous variables, that given set of data 
could, of course, be generated by the same 
set of relations with another set of vari-. 


ables selected as the endogenous variables. | 


We move -thiis from one economic struc- 
ture to the/other simply by changing vari- 
ables. What, i is automatic response in.one 
interpretation is- discretionary action in 
the other one, and ‘vice versa. ‘Clearly; 
multipliers defined with respect to the 
same two variables will differ—maybe 
even with respect to sign, as we shall see— 


as between two such models, although’ 


both models describe the same economy. 
_ The “automatic effects” 
bility per unit of disturbance may then 
be defined as the difference between two 
. such multipliers defined on the distur- 
bance and the EnCOpenOUS, variable in 
question.’ ae 


3 Richard Musgrave’s (1959, pp. 508-10) well-known 
measure of built-in flexibility is based on the ratio be- 
tween two such multipliers. To make the various effects 
additive it is preferable to work with the difference 


oi built-in -flexi- ° 
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This point is crucial for what follows i? 
this paper, and it may be useful to illus- 
trate it by an example related to fiscal 
policy.* Consider the differential form of a 
simple Keynesian system where Y de- 
notes income, / investment, C consump- 
tion, G government expenditure, T tax 
revenue, and ź the tax rate: 


dY =dI +dC +dG 
dC = c(d Y — dT) + dez 
dT =1dV + Vd 


The endogenous variables are assumed 
to be dY, dC, and dT, while the discre- 


_ tionary policy measures are dG and dé (or, 


Ydi); as exogenous, noncontrolled dis- 
turbances we have df and dca. The solu- 
tion in dY is 
dl + deg + dG — 0, Vdi 

1 — cı(1 = t) 


dY = 


and the effects, Eaiscr, of discretionary 


= policy actions are 


dG — cı Y di 


Eto? z eeaeee 
iser i_ a(l = i) 


All sets of empirical observations of dY, 
dI, dC, dG, dT, dc, and Ydi that satisfy 
the above system will also satisfy the same 
three relations with dY, dC, and Ydt as 
endogenous variables, and dG, and dT as 
policy parameters. With the system thus 


- interpreted we have the solution — 


al + des + dG — cal 


1— c 


dY = 


and the effects, Fiora, of the total changes 
in government expenditure and revenue 


will be 


rather than the ratio. But that is only a matter of con- 
venience. ; 
4 See Hansen (1969, ch. 1, IT, A). 


l ea ee eee 
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dG — ¢,dT 


Eiotal = 
1 ami 


With the first interpretation the system 
has built-in flexibility in tax revenues; but 
not with the second interpretation. The 
multipliers and, hence, the effects of both 
exogenous disturbances, such as d/ and 
dc, and of discretionary policy measures, 
such as dG, differ clearly with the two in- 
terpretations. And whereas with the first 
interpretation it does not make sense to 
ask for the effects of a change in total tax 
revenues, dT, this question does make 
sense with the second interpretation. If we 
now define the automatic effects, Eautom, of 
built-in flexibility in tax revenues as the 
difference between the effects of the 
exogenous, noncontrolled disturbances in 
the systern, with and without built-in 
flexibility 1 in: -tax.revenues, we have 


[dI + deo] = [a + der] È 

mer 1 alls) —_ o 
lag? adil. esar 

= 1— ¢ G 1— c(i = t) 


It follows that 
Edie F Eaton = Erotat 


a relation that applies to any macro- 
theoretical set-up and will turn out to be 
crucial for understanding some of the 
differences between Keynesians and the 
Monetar‘sts. 

The notion of effects of built-in flexibil- 
ity calls attention to the fact that the 
classification of variables as endogenous 
and exogenous depends entirely upon our 
“point of view, -that is, upon the ques- 
tions we seek to answer. We may ask for 
the effects of disturbances or discretionary 
measures; we may also ask for the auto- 


matic effects of built-in flexibility at dis-- 


5 See Karl Popper, p. 106. 
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turbances in the economy; and we may 
ask for the total of discretionary and auto- 
matic effets in a given situation. All ques- 
tions are -egitimate in the sense that they 
can be answered, but they do lead to dif- 
ferent classifications of variables. And 
since they -ead to different variable 
classifications, they imply different multi- 
pliers anc, hence, effects, too. This simple 
point seems zo have been overlooked by 
Keynesians as well as Monetarists in the 
debate of monetary ‘policy. 

Another circumstance of some conse- 
quence for the choice of variables and of 
crucial importance for our problem is the 
so-called bucget constraint of the public 
sector. li wes recently brought into the 
debate ky Carl Christ in two important 
contrikuzions (1967, 1968), but has in fact 
a long history in the theory of economic 
policy; :n practical monetary analysis it 
is old hat,” and, as we shall see, it has in- 
deed been observed in more careful theoret- 
ical: conczributions (for instance, Brunner 
and Meltzer). To omit the public sector’s 
budget constraint is a fallacy. Crude 
Keynesian and quantity theory generally 
ignores it, however; a typical example is 


6 The constraint and its importance was probably 
first discovered by Knut Wicksell (1898, pp. 6f.) in his 
macroeccnomic analysis of the incidence of taxation and 


‘it is generally recognized by modern incidence theory. 


In monziery theory it has keen used by Bertil Ohlin 
(1934, in particular ch. 5; and 1941, two never translated 
monetary classics). I myself borrowed the notion from 
Wickseil and Ob‘in to discuss the relation between fiscal 
policy end morey supply (1955), (1958), (1967, chs. 3 
and 15). In tha early Keynesian literature, Abba Ler- 
ner’s discussion of “functional finance” (1943), (1946, 
ch. 24, in part.cular pp. 314-15) and Lloyd Metzler’s 
wealth study 11951) are the outstanding examples— 
and exceptions. Some examples from balance of pay- 
ments thecry could also be given. In growth theory 
Alain Enthoven (1960, p. 215) should be mentioned. 

™The Skank reserve equation” of the Federal Re- 
serve Svstem 2 perhaps the best known example; see 
The Federcl Reserve System, Purposes and Functions, 
chs. 12 and if. A variation on the same theme is the 
traditional IMF analysis of the “counterpart of money 
supply changes” that appears in any IMF mission re- 
port; see, for instance, International Financial Statis- 
tics, “Moenetary Survey,” any country table, any year. 
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Milton Friedman’s recent disclosure (1970) 
of his monetary system. 


I. The Public Sector Budget Constraint . 


This constraint expresses the fact that 
net flow of central bank money from the 
public sector equals net increase of the 
stock of central bank money held by the 
private sector and is, indeed, nothing but 
the change in the central bank’s balance 
sheet between specified points of time. In- 
cluding creation of central bank money, 
the public sector is no less constrained in 
its planning of expenditure and revenue 
than the household is by zts budget .cori- 
straint. Exactly how the constraint should 
-be written depends, however, upon the 
institutional setting. It would seem that 
two Idealtypen appear in the literature, 
each one idealizing actually existing ar- 
rangements. One of them could be called 
the European type of constraint, the other 
one, the United States type of constraint; 
. but with the United States in mind, they 
could perhaps also be called the pre- 
Accord and the post-Accord constraints, 
respectively. 

Disregarding foreign transactions 
(which are easily included), the balance 
sheet of a central bank that issues cur- 
rency, keeps deposits (reserves) for and 
gives loans to commercial banks, and 
serves as the bank of the government (the 
Treasury) is 


LP + [9 = Mn + Me 


where M” is currency in circulation, M? 
commercial banks’ deposits at the central 
bank, L rediscounts and advances to 
commercial banks, and Z* net claims on 
the government held by the central bank. 
The change in the balance sheet between 
two points of time can be written as 


` 


AM" + AM® = ALD + AL” 
= AL? + AG — AT + AB 
<= AB/r, + Dz 
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where G is government purchases of goods 
and sérvices, T tax revenues, B number of 
government bonds held by the private 
sector (perpetuaries with $1 interest pay- 
ment per period, the only type of claims 
on the government considered ere), 7, 
bond market rate of interest, and Deo the 
budget deficit (government net borrow- 
ing) at the beginning of the period. De- 
fining as usual the supply of central bank 
money, the monetary base, as Mi= M" 
+ M*— Lt, we have 


AM, = AG — AT + AB + Dy — AB/r, 


‘The sum of the first four terms on the 
right side is the total deficit of the budget 
(government net borrowing); the last 
term, AB/r,, is the dollar amount of debt 
management and open market operations 
in government bonds. 

This form of the constraint could be 
called the European type of public sector 
budget constraint; it is the form con- 
sidered by Christ (1967, p. 436), 1968, p. 


56). In a closed economy of this type the 


supply of central bank money can only 
change through a deficit (surplus) of the 
cash budget and through debt manage- 
ment and open market operations; we do 
not need to distinguish between these two 
kinds of bond operations provided that all 
central bank profits are paid to the budget 
and central bank open market op2rations 
are limited to government securizies. On 
the other hand, net cash payments cannot 
be made to or from the budget or zhrough 
debt management and open market op- 
erations without affecting the supply of 
central bank money. The budg2t con- 
straint thus rules out the possikility of 
studying “isolated” changes in the supply 
of money or (other) isolated policy mea- 
sures, and it compels us to specify exactly 
how money; supply changes, through the 
budget, through operations in the market, ~ 
or exchange operations (if included), to | 
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mention the three major inroads of money 
= in a modern institutional setting. 

We may, however, imagine another 
ideal type of arrangement in which the 
government does not at all use the central 
bank as its banker and thus does not draw 
upon or keep deposits with the central 
bank, but to the last nickel finances cash 
deficits and surpluses through financial 
transactions with the private sector, in 
our simplified case through debt manage- 


ment market operations in government ' 


bonds. The central bank may, nonethe- 
less, buy and sell government bonds at 


=: its own discretion in the open market. We 


would then have two public sector con- 
straints, one for the central bank which we 
shall write so that the left side is equal to 
the change in net central bank money 
supply, AM o, 


AM, = AM” + AM? — AL’ = — ABes/r, 


where —ABcs is the number of govern- 
ment bonds bought by the central bank 
in the open market, and another con- 
straint for the government (Treasury) 


ABr,/t, = AG —AT + AB + Dy 


where ABr, is the number of bonds sold 
by the Treasury to the private sector, and 
AB=ABr,+ABecg. With these constraints 
the supply of central bank money can only 
change through a central bank open 
market cperation; and any budgetary 
transaction is matched by a correspond- 
ing debt management operation in the 
open market. These two budget con- 
straints represent together what we could 
call the U.S. type; it is the form used by 
Brunner end Meltzer! (1967, p. 208, equa- 
tion (A 5). The Accord between the U.S. 
Treasury and the Federal Reserve System 


8 In an unpublished paper Brunner and Meltzer 
(1971) have presented a hybrid form of constraint. See 
also Brunner (1961). 
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in 1951 could perhaps be described ‘“‘as 
if” a shift from the European to the U.S. 
type of constraint took place.’ 

It is immediately clear that what can be 
done under one of these budget con- 
straints can also be done under the other 
one. Bucget deficit financing through the 
central bank, which on the European 
constraint simply means that the trea- 
sury draws upon the central bank, must 
on the U.S. model take place through 
Treasury sales of bonds in the open market 
to cover the deficit, accompanied by simul- 
taneous central bank purchases in the 
market to the same amount. The outcome 
of such concerted discretionary actions 
will be the same under the two systems. 
In this sense we might just as well con- 
solidate the two constraints in the U.S. 
type system to the single European type 
constraint. This, however, would hide the 
fact that automatic responses are different 
with the twe systems. An automatic in- 
crease of tax revenue (during an upswing, 
say) implies with the European constraint 
an increase of government deposits at the 
central bank and a corresponding decline 
of the nət supply of central bank money. 
With the U.S. constraint it would leave 
central bank money supply unchanged but 
diminisk. the supply (stock) of government 
bonds held by the private sector. On the 
European model the events would imply 
a “tightening” of the credit market with 
an upwerds pressure on interest rates and 
a fall in total private wealth; on the U.S. 
model the bond interest rate would fall, 
while private sector net wealth might fall 
or increase, and it is more difficult to say 
what wculd be the net result. Thus it mat- 
ters whether a country applies the Euro- 
pean and the U.S. type of constraint; the 
effects cf built-in flexibility will differ. 


? Strictly speaking the Accord meant, of course, that 
the Fed stopped automatically supporting the govern- 
ment bone rate at a low level. 
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In neither Europe nor the United States 
do we find these Jdealtypen in pure breed. 
Some European countries (Germany and 
Belgium, for instance) are really on the 
U.S. model. And governments always 
have some working balances with the 
central bank through which deficits or sur- 
pluses may temporarily be financed. In the 
United States, the Treasury can: borrow 
from the Federal Reserve System to a 
limit of $5 billion; the Treasury does, on 
the other hand, keep deposits with the 
Federal Reserve Banks, although its debt 
management operations (irom the more 
infrequent bond issues to the weekly 
Treasury bills auctions) nowadays aim at 
preventing substantial balances with the 
Federal Reserve Banks from being built 
up; in addition, the Treasury simply moves 
deposits from the Reserve Banks to com- 
mercial banks, and vice versa. “By carry- 
ing the bulk of its deposits in tax and loan 
accounts [with commercial banks] the 
Treasury moderates the effect on bank re- 
serves of fluctuations in its receipts and 
payments” (The Federal Reserve Sysiem, 
p. 194). The. intentions are undoubtedly, 
since the time of the Accord, that it should 
be up to the discretion of the Federal Re- 
serve Board to decide whether or not it 
will change its net claims on the govern- 
ment ‘and, hence, the supply of central 
bank money. These being the intentions 
it seems justified to approximate the U.S. 
system by assuming the existence of two 
independent public budget constraints. 

In the very short term and for small 


changes the European and the U.S. set-up ` 


may not be different; the immediate ad- 
justments may take place on Treasury 
accounts with the central bank or the 
commercial banks in either system. But 
the short term for which this is true may 
be so short (a few days, a week at most) 
that it is of little interest in a macro- 
analysis that centers upon the interaction 
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of real and financial sectors and markets. 
In the following we shall consider both 
types of constraints not only because 
countries are different in this regard, but 
also, and in particular, because Keynesians 
generally have tended to think with the 
European type of constraint in the back 
of their minds, while American Mone- 
tarists naturally have the U.S. type of 
constraint in front of their minds. 


II. Model with Fiscal and Monetary Systems 


Consider now the following economic 
relations for an economy with a budgetary 
and monetary system. The precise speci- 
fication is not too important for the pur- 
pose of taxonomy. We have 


(1) Y=I+C+G 
(2) C =o (¥ — T + B) 
+ ca M” + aM? + B/r,) +c 
(3) I= ir + iY +i 
(4) T=t,Y +t 
6) Mr=nY | 
(6) aM? = mlr, — urs) + mY + m:B/r, 
(7) K+I=(a-1)M +E 
(8) L? = Balra — F) + Ba 


New variables are: K is initial private 
stock of real capital, 7, commercial banks’ 
loan rate, u is ratio between commercial 
banks’ deposit and loan rates, 7 is central 
bank’s discount rate, œ is inverse of re- 
quired reserve ratio. 

We shall assume the signs of constants 
and parameters to be: c1>0, c2>0, 4 <0, 
to >0, 4>0, n>0, mi<0, u>0, m:>0, 
m,>0, Bi1>0 and B>0. The choice of 
signs is in all cases obvious except perhaps 


:B>0, there might exist countries with 


net government claims on the private 
sector. 
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Our relations assume that households 
receive all- income and that all private 
saving is made by households. They own 
notes, government bonds, and bank de- 
posits but have no bank loans. Enter- 
prises in return finance exclusively through 
bank loans; this assumption obviously 
helps to give the banks a crucial role. 
Total financial wealth of households is 
thus equal to central bank notes plus 
bank deposits plus value of government 
bonds; wealth appears in the consumption 
function, equation (2), and the demand 
function for deposits, equation (6), and in 
the omitted demand function for bonds.” 
We ignore value of ownership, capitalized 
value of future tax payments, direct bene- 
fits of government services, and the lke. 
Enterprises and commercial banks have 
zero net worth. The investment function, 
equation (3), contains the commercial 
banks’ loan rate and national income as 
arguments. Both consumption and in- 
vestment function are thus highly con- 
ventional and acceptable to Keynesians. 

The treatment of the banking system 

10 By virtue of Walras’ Law we have left out the 
households’ demand function for bonds and the equi- 
librium condition for the bond market. If we let B#/r, 
denote demand for bonds Gn value terms) the equi- 
librium condition is B¢/r,=B/r, and the demand func- 
tion for bonds is Bé/ry=¥[1—-(1—hA)a—h—n— m] 
~ni (7g — ur) — hll —e1) + (1 — 02) (M"*+-e4+B/r,) +(1 
—¢,)B+i13B/r,, which makes sense, given the signs of 
the constants. In the derivation of this (short-term) de- 
mand function for bonds we do not assume that total 
net worth is given and constant. The instantaneous rate 
of change of net worth is equal to savings which in our 
setting may be positive or negative. 

The bend market demand equation implied by our 
model does not suffer from a basic flaw in standard 
Keynesian models. It is easy to show that, for instance, 
the standard ZS-M L model, or Klein’s Keynes model as- 
sume a kind of Say’s Law for bonds so that an increase 
in the supply of bonds automatically (that is at given 
income, prices and interest) creates a corresponding in- 
crease In the demand for bonds (Hansen (1970, pp. 134- 
37), Akerlof). Our model thus allows for the “crowding- 
out” from the financial markets of private borrowers 
when the government finances a deficit by sales of se- 


curities (see Spencer and Yohe where the main refer- 
ences are given). 
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suffices to make it an important part of 
the economy and introduces two important 
monetary policy instruments, the central 
bank discount rate and the reserve ratio. 
Central bank money is divided between 
currency held by the households and the 
commercial banks’ claims on the central 
bank, the reserves. The reserves may be 
countec gross or net because: the com- 
mercial Danks may borrow from the cen- 
tral bank. Demand from households for 
currency is proportional to national in- 


come, equation (5). Equation (6) has on 


its left side total supply of bank deposits 
and on its right side total demand for 
deposits from households. Demand for 
deposits depends upon the difference be- 
tween bond rate and deposit rate (the 
latter assumed to be kept by the banks in 
fixed proportion, u, to the loan rate), na- 
tional income, and households’ government 
bond holdings. We do not distinguish be- 
tween demand and time deposits and this 
may be a dangerous simplification (Lyle 
Gramley and Samuel Chase; Karl Brun- 
ner, 1969). The left side of equation (6) 
may also be read as the inverse of the re- 
quired reserve ratio times the required, 
legal reserve, M*; on this reading the 
equation determines the legal reserves. 
The supply of bank loans to enterprises is 
(a—1)i2°+-L°, the right side of equation 
(7). The term Lè is commercial bank loans 
(advances or rediscounts) from the cen- 
tral bank or, if. negative, the excess re- 
serves cf the commercial banks. On the 
left side of (7) we have the demand for 
loans from enterprises; it is equal to the 
(predetermined) total stock of real capital 
at the Deginning of the period plus the 
investments of the period. We disregard 
commercial bank investments in govern- 
ment securities (bonds or Treasury bills), 
another important omission because it 
prevents us from studying debt manage- 
ment policy in detail. The last equation, 
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finally, specifies the commercial banks’ 
demand for central bank loans, or excess 
reserves as a function of the difference be- 
tween their own loan rate and the dis- 
count rate of the central bank. The higher 
their own loan rate is, the stronger is the 
incentive to borrow from the central bank 
or the weaker is the incentive to keep 
excess reserves; the higher the discount 
rate is, the more expensive are central 
bank loans and the stronger is the incen- 
tive to keep excess reserves rather than 
running the risk of having to borrow from 
the central bank. These assumptions are 
in line with current theory. 

We have already discussed possible 
public sector budget constraints and def- 
initions of money supply. All ingredients 
of both central bank money supply, 
M)=M*+M'*—L>, and money supply in 
the wider sense, M.=M*+aM’, are in- 
cluded in the model and we could add 
these two equations to the system. 

Systems like (1) to (8), completed with 
a public sector budget constraint, can be 
used for studying long-term equilibria 
where the system has come to rest with `a 
balanced budget and a constant amount 
of money (Christ (1968), also Lerner). It 
would be entirely unrealistic, however, to 
assume that the authorities should remain 
passive during a process toward a long- 
term stationary state (that may not exist). 
It is more likely that they would con- 
tinuously work on rectifying the short- 
term position. Assuming that the period 
coincides with the budget year, we shall 
therefore concentrate on the development 
from one short-term position to the next 
and study the effects of. economic policy 
with this short-term perspective, taking 
for granted that during each period new 


policy measures will be taken (Christ 


(1967)). The specification of the available 
policy instruments may thus conveniently 
be made in relation to a corresponding 


E) 
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differential model (Christ (1967), Hansen 
(1969, ch. 1, II, A)), determining a change 
in the short-term equilibrium position. We 
have | 


(1 dY = di 4+ dC + dG 

(2° dC = cd Y — cdT + c,dB 
+ cod M” + coad M’ 
+ 6.M*da + cad B/f 


B. 
— G a ar, + dez 


pd 


(3°) di = didra + tad. Y + dis 
(4') dT = hd Y + Yat, 
(5’) dM” = nd Y 


(6°) ad Me? + M’da = mydr, = mudra i 


dB 
+ madY + m — 


Tg 
— M3 A dry 
(7^) © dI = (a — 1)dM* + Meda 
-+ dL 
(8) dL? = B,dr, — Bd? 


We have then to add a public sector 
budget constraint and, as already pointed 
out, we have a choice between (at least) 
twe types, describing different behavioral 
patterns of budgetary and monetary au- 
thorities. With the European type of 
constraint we have 


(9) dM" + dM? = dG — dT + dB + Dy 
— dB/r, + dL? 


whereas the U.S. type of constraint would 
require the following specification: 


(9a) dM” + dM = dIt — dBes/r, 
(9b) dBrr/T = dG — dT + dB + Dy 
(9’c) dB = dBop + dBr, 
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III. Policy Instruments and 
Endogenous Variables 

Thus including a public sector budget 
constraint of the European type, our sys- 
tem consists of nine equations and we 
have to select the same number of endog- 
enous variables. Assuming from the out- 
set that ir a capitalist economy without 
direct controls dY, dC, and dI are en- 
dogenous variables to be explained by the 


model, we are left with eleven “policy . 


variables” —dG, dT, dt,, dB, dra, dry, dř, 
da, dL’, dM", and dM*—as possible candi- 
dates for the other six endogenous vari- 
ables. The remaining five policy variables 
are the policy parameters to which effects 
could be ascribed. From our relations we 
could thus derive no less than 11!/6!(11— 
6)!=462 different models. Even assuming 
that effects of discretionary measures 
should only be evaluated in terms of in- 
come, dY, there would still be 462x5 = 2310 
different effects (multipliers) to calculate; 
there would, for instance, be 210 different 
expressions for dY /d7 (assuming, of course, 
that all models have sensible solutions). 
And yet, we have not included the two 
definitions of money supply which would 
give us thirteen policy variables from 
which to choose five. 
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With a U.S. type of constraint we would 
have eleven equations, and, granted again 
that dY, dC, and df be endogenous, we 
would have thirteen policy variables, the 
above mentizcned plus dBc, and dBp,, 
among waich to choose eight other endog- 
enous veriatles. Including the two def- 
initions cf money supply we should have 
fifteen variables to choose among. Our 
choice is even wider than with the Euro- 
pean specification. 

If we had no principles for selecting 
endogencus and exogenous variables, we 
would have to leave everything like that 
and be satisfed by presenting all these 
alternative :nterpretations and effects. 
This seems in fact to be what Christ 
(1967, 1968) recommends. With respect to 
appraisal of aast and present policies, we 
would thus end up in pure agnosticism; 
for if we carcnot specify what were the 
policy measures taken, we cannot tell 
what were the effects of the policies pur- 
sued. And with respect to future policy 
we. may give advice that nobody knows 
how to ollow (such as recommending 5 
percent increése per year of money supply 
in the wide sense without specifying the 
instruments =o be used for this purpose). 

It should first be noticed, now, that the 


TABLE [—SUMMARY OF MODELS INVESTIGATED 


Institutional 
specification, 
Section Effects to be public budget Exogenous policy 
Reference studied constraint (s) Equations: variables Endogenous variables? 
IV.A discretionary European (9’) G hBa? T 
IV.B discretionary U.S. (9'a), (9'b), O'ù G h ařMo T BBr 
V.A. total European (9), (11^ GT Ba Ms hF 
V.B. total European (9°), (11’a) GT ařMo 4 B 
V.C. total U.S. (a), (9’b), Oc GT aFřFMo h B Br 
IV.A l 0") 6 tsar T 
vi VA } automatic European 0"), (11) GT Be Mo hF 


3 In addition to equations (1')-(8’). 


b In addition to the basic eight endogenous variables, d Y, dC, dl, dra, dro, dM", dM®, dL’. 
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introduction of public budget constraints 
itself limits our choice of exogenous vari- 
ables somewhat. At least one variable in 
a constraint must be endogenous, and 
when only one of the variables in a con- 
straint is endogenous, unacceptable im- 
plications may follow. The public budget 
constraint(s) limit our choice of exogenous 
variables, but they do not really serve as 
positive guides for this choice. To this 
end some “point of view” has to be speci- 
fied, i.e., some question has to be asked, 
and some sort of a priori information has 
to be brought into the picture. 

We may, on the one hand, be interested 
in appraising actual policy actions of the 
past and present and/or predicting future 
effects of policy actions to be taken. If 
so, we have to direct our attention to 
institutional matters and ask how- eco- 
nomic policy actually was, is, or is to be 
conducted. We have to study past and 
present procedures and actions of au- 
thorities to find out ‘‘which variables are 
under the command of the government”’ 
to use Tinbergen’s expression (p. 7). With 
the notable exception of Milton Friedman 
and David Meiselman (see later) this 
seems also to be the way most of the 
participants in the debate look at matters 
(see, for instance, James Tobin, p. 165).” 

If, on the other hand, we were interested 
in problems of budget flexibility and 
monetary flexibility rather than apprais- 
ing discretionary policy actions, we would 


have to consider not only the actual sys- 


tems with their response patterns but, in 
addition, an alternative hypothetical sys- 
tem of comparison with different response 
patterns. Studies of actual administrative 
systems may help us to choose the hypo- 


11 Michael J. Hamburger has suggested purely sta- 
tistical (econometric) criteria for the classification of 
variables. It is clear, however, that we are confronted 
here with an analytical problem that cannot be solved 
by inductive methods; see, for instance, Peter Frost. 
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thetical, comparative system ir. which 
somehow budget and monetary flexibility . 
has been removed; but ultimately this 
choice is a matter of taste. 

In this paper we study the e-fects of 
discretionary measures in two different 
models, with European and U.S. budget 
constraints, respectively, and efects of 
total changes in budget and moner supply 
in three different models, with European 
budget constraint and money supply de- 
fined as central bank money and money 
supply in the wide sense, respectively, and 
with the U.S. constraint.and morey sup- 
ply in the wide sense. Finally we shall 
show how the automatic effects of built-in 
flexibility in budgetary and monetary sys- 
tems can be separated and related to ef- 
fects of discretionary measures, fiscal and 
monetary. Table 1 summarizes tke char- 
acteristics of the models. The discussion 
is concentrated on the model with Euro- 
pean budget constraint in Sections IV.A 
and. V.A. with and without built-in fex- 
ibility in budget and money suppl~. 


IV. The Effects of Discretionary Fiscal 
and Monetary Measures 


A. Madel with European Type 
of Constraint 


We shall now assume that for the par- 
ticular country and period whose policy 
actions we want to appraise, the European 
type of constraint is relevant and that the 
controlled policy instruments ectually 
were (are) G, t, B, 7,.and @ so trat the 
discretionary measures taken are dG, 
Ydt, (in $ value), dB, dř, and an. The 
endogenous variables are the differentials 
of Y, C, I, T, fa %; M”, M’, and L’; see 
Table 1. 

Solving the system for dY, we o>tain 


(10’) dY = — [a multiplicand] 


1 
A 


4 
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The individual terms of the multiplicand 
are identified in the following tabulation: 


I: impact of autonomous change in de- 
mand 


dcz + diz: (61) 


II: impact of discretionary changes in ex- 
penditure and revenue 


+ dG "Oi Ydt, + cid B 


III: impact of discretionary changes in 
expenditure and revenue via central 
bank money supply 


+ (dG — Ydt; + dB) (ôs) 


IV: impact of initially existing deficit via 
money supply 


+ Do: (ôa) 


V: total impact of debt management oper- 
ations 


(i) impact via stock of bonds 


dB 
T= 


Ta 
(ii) impact via bond rate of interest 


dB 
+ — (62) 
7 


g 


(iii) impact via central bank money 
supply 


dB 
E (§,) 


Tg 


VI: impact of change in reserve require- 
ment 


+ M’da- (ôa) 
VII: impact of change in discount rate 
-+- ad¥ (85) 


Equation 10’ is a usual multiplier ex- 
pression; 1/A is the multiplier. Our as- 
sumptions about the signs of constants 
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and parameters do not suffice for deter- 
mining the sign of A. We assume that it is 
positive. Apart from autonomous con- 
sumption, dz, all the exogenous variables 
appearing in the multiplicand are weighted 
in various ways. Like A, the weights 6, to 
ôs are complicated, tedious combinations 
of the constants and parameters of the 
model. For our purpose we do not need to 
write them explicitly. With our assump- 
tions the sign of 6, is indeterminate, ôs and 
ôs are negative, 6; and 6, are positive. 

We shall comment upon the individual 
terms of the multiplicand. The expressions 
inside the multiplicand we call the “im- 
pacts”; when multiplying impacts by 
multiplier we obtain the “effects.” 

Term I is the impact of autonomous 
changes of demand. These are the exoge- 
nous, norpolicy disturbances. The impacts 
of autonomous consumption and invest- 
ment differ in size, the reason being that in 
our model investment implies a demand 
for bark loans, savings a demand for — 
government bonds; investment and sav- 
ings wcrk thus in different ways on the 
credit markets. Note that we cannot be 
sure that tae impact of autonomous in- 
vestment is positive. 

Term II is the direct impact on demand 
of discretionary fiscal measures dG, Yd, 
and dB. The term dB is the increase of 
government interest payments related to 
the pericd’s bond sales. It seems natural 
to include changes in interest payments 
with cther fiscal measures, although, 
strictly speaking, they are the outcome of 
debt management and open market op- 
eration decisions. Terms I and IT will be 
recognized as good “Keynesian” terms 
(with a small reservation for autonomous 
investments}! working directly on effec- 
tive demand. 


2 The weigh:, 61, of autonomous investment has the 
form 1+-e where «e, (negative) is a combination of the 
constants a, Bı, 71, 171, m3, M, 2, and B/r?, all of them re- 
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Term ITI is particularly interesting from 
our point of view. It shows the impact of 
all discretionary fiscal policy measures via 
the change in supply of central bank 
money which they directly imply. Since 
this impact works through changes in 
money supply it might seem reasonable to 
call Term III the monetary impact of 
discretionary’fiscal measures and to count 
it as part of monetary policy. Keynesians 
might, nevertheless, want this impact to 
be credited to fiscal policy; it arises after 
all only because fiscal measures are taken 
and is, indeed, a kind of mirror image of 
these measures. The sign of this term is 
positive; thus, its inclusion among the ef- 
fects of fiscal policy would certainly 
strengthen the Keynesian position. 

Term IV is, of course, the Lerner-effect 
of “functional finance.” If there is a cash 
deficit in the initial position, central bank 
money supply will increase automatically 
with this amount. This is a predetermined 
effect from the budget that will exist as 
- long as the budget is not balanced. We are 
up against the same classification problem 
as with Term III. The sign is positive and 
the term may be important, particularly 
if the deficit is large. Terms III and IV 
could be consolidated into (dG— Ydi,+dB 
+D,)63; this term would be the impact 
from the change in central bank money 
supply implied by initial deficit and dis- 
cretionary fiscal measures together. Note, 
however, that this consolidated term does 
not include automatic changes in tax 
revenues and thus cannot be described as 
the impact of the total deficit. Nor is it 
equal to the total change in central bank 
money supply; even if we included 
—dB/r, (from term V, iii (see below)), it 


lated to the monetary system. The impact of autono- 
mous investment could, thus, be broken down in 
diz-+-dize, of which the first term is the direct “Key- 
nesian” impact on effective demand, and the second 
one is the impact through monetary repercussions and 
might be counted as part of the monetary effects. 
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would still not include those changes in 
central bank money supply that are in- 
duced by automatic tax revenue changes. 

Term V collects the impact of debt 
management and open market operations’, 
analytically there is no difference be- 
tween these two kinds of operations. The 
term is split up into three subterms 
according to the way through which the 
impact is exerted. There are impacts via 


the change in the stock of bonds (i), via 


the accompanying change in households’ 
cash balances (iii), and via the capital 
gains or losses associated with changes in 
the bond rate (ii). While the sign of Term 
V as a whole is indeterminate, the sign of 
the subterm (i) is positive, and those of 
subterms (ii) and (iii) are negative. Thus 
we cannot say a priori whether open 
market operations are expansive or con- 
tractive. How should this term be allocated 
in relation to fiscal and monetary policy? 
To exclude the open market operations of 
the central bank from monetary policy 
would seem odd; to split the term in two 
parts according to whether the operations 
are carried out by central bank or Treasury 
does not make much sense, either, be- 
cause the effects are identically the same. 

Terms VI and VII are certainly the out- 
come of monetary policy. They are the 
impact of reserve requirement and dis- 
count rate changes. The signs of the 
weights of these monetary measures are 
positive and negative, respectively, as 
should be expected. 

Any attempt to classify the effects of 
policy measures thus runs into ambiguities. 
At one extreme we have a classification 
which counts only Term II as fiscal policy 


18 Lerner, p. 311, pointed out that the effects of taxes 
and borrowing cannot be clearly separated because, in 
addition to taking income and adding to people’s assets, 
respectively, both imply a drain on money supply and 
thus overlap to some extent. This is precisely the reason 
why we find Ydi in both Terms II and III, and dB/r in 
both Terms V (i) and V (iii); Ydh in Term DI and 
~dB/r,in V (Gi) have the same weight, 63. 
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impact, and considers all the other terms 
from III to VII as impacts of monetary 
policy;* and at the other extreme, one 
that classifies Terms IJ, III, IV, and V as 
fiscal (or, at least, budgetary) policy im- 
pacts, and only leaves Terms VI and VII 
as monetary policy impacts. And in be- 
tween we have several alternatives to 
choose amongst. Even if we single’ out 
Term V and call it the impact of debt 
management and open market operations, 
and include the latter in monetary policy, 
we are still left with the problem of classi- 
fying Terms III and IV. The most nat- 
ural reaction to these ambiguities might 


be simply to give up the idea of classifying © 


everything into fiscal and monetary pol- 
icy, and work with all the individual terms 
of the multiplicand that model and selec- 
tion of policy instruments give rise to. 
Does money matter in this model? This 
question may be interpreted in two dif- 
ferent ways. Does it matter whether there 
exists a monetary system, and how it is 
organized and how it functions? Does it 
matter, given the monetary system, 
whether the quantity of money is larger or 
smaller, or changes? On both interpreta- 
tions money certainly matters in this 
model, although we cannot ascribe def- 
inite, well-defined effects to the total 
changes in money supply; but we have 
well-defined “liquidity effects.” 


B. Model with U.S. Type of Constraint 


We use here equations (1^) to (8^) and 
(9’a), (9’b), and (9’c). We shall assume 
that the discretionary measures are dG, 
dt, da, dř, and dBgz/r,(= —dM). For the 
endogenous variables, see Table 1. In 
terms of policy measures the difference 
between the two types of models is that 
in the European type model all transac- 


u Even pari of the impact of autonomous investment 
could be ir-cluded here; see fn. 12. 
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tions in zovernment bonds, dB/r,, were 
considered a discretionary measure; in 
the present model only the central bank 
open market operations in bonds have this 
position. Treasury operations, dB,r,/r,, are 
endogenous and do not have well-defined 
effects. The implication is that changes in 
the supply of central bank money can be 
considered a discretionary policy measure 
with well-defined effects equal to, and in- 
distinguishable from, the effects of open 
market operations (with opposite sign). 
Solving for dY we now get 


1 
(10a) dY = a (a multiplicand| 


the terms of the multiplicand being: 


I: direct impact of autonomous changes in 
demand 


dca + Tis(61) 


II: direc: impact of discretionary budge- 
tary measures 


-+ dG — Ci Vdt, -+ cıd Beg 


III: impact of discretionary budget changes 
and initial budget deficit via implied 
increase of stock of bonds 


-+ (GG — Ydtı + dBos + Do) (83 ) 


IV: impect of change in reserve require- 
menis 


+ W’dalël) 


V: impact of change in discount rate 


+ 6107(— að; ) 
VI: impact of open market operations 
+ dBcn/7 (6 ) 


The multiplier is 1/A’, assumed to be 
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positive. The terms 6’ are weights (dif- 
ferent-from the ô in (10’)); with our as- 
sumptions 6; and 84 are positive and 4; is 
negative, while the sign of ô is inde- 
terminate. 

We note first that the impacts of both 
government spending (dG) and increased 
central bank money supply (—dBcz/r,) 
are positive: a priori we cannot say which 
impact is the largest one. 

The division between effects of fiscal 
and monetary policies is simpler in this 
case than with the. European type con- 
straint. Not even Term III really gives 
rise to ambiguity. This (positive) term 
shows the impact of the increase of private 
sector bond holdings, accompanying an in- 
crease of expenditure or a fall in revenue. 
Note that this term cannot be considered 
the impact of debt management operations 
because it does not show the impact of 
sales of bonds against money (Term VI 
shows the impact of such sales), and 
Keynesians might rightly claim credit to 
fiscal policy for this term; without a budget 
deficit or surplus this change in govern- 
ment bonds with the private sector would 
not take place. Since Term III is definitely 
positive its inclusion in fiscal policy will 
again strengthen the Keynesian position. 


V. The Total Effects of Fiscal 
and Monetary Policy 


We turn now to the other point of view 
—the problem of built-in flexibility and 
its consequences. For that purpose we 
have first to set up a system which is 
equivalent to the system consisting of 
equations (1’) to (8’) (with the relevant 
budget constraint(s)) in the sense that a 
given set of data which could have been 
generated by the first system could just 
as well have been generated by the new 
system, but differs from the first system in 
having no built-in flexibility, either in the 
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budget items or in money supply. On the 
basis of such a system we can consider the 
total changes in government expenditure 
and revenue, and in the supply cf money 
as government policy measures and study 
their effects (briefly, the total effects); 
and we shall use it in Section VI for de- 
fining the automatic effects of built-in 
flexibility in budgetary and monetary 
system in line with the introductory re- 
marks. 

We have clearly to consider T és an in- 
strument and dT as a policy measure. 
Consequently, we have either to discard 
equation (4’) or consider df, as an endog- 
enous variable. These two metnrods of 
procedure are equivalent. With respect to 
debt management and monetary policy 
we shall distinguish between the European 
and the U.S. type of constraints. 


A. Model with European Type of Constraint 
and M, as Policy Variable 


We continue to interpret dB and dB/r, 
as exogenously determined; otherwise, 
there would be some built-in flexibility 
even in the current budget via -nterest 
payments. A moment’s reflection makes 
it clear that it is not possible to remove all 
built-in flexibility with respect to the 
monetary system. For if no automatic 
changes were to take place in the balance 
sheet of the central bank, and the reserve 
requirements as well as the discount rate 
were still to be considered as contralled by 
the central bank, we would have no less 
than eight exogenous variables, namely— 
in addition to dG, dT and dB—dL’*, dM”, 
aM, dř, and da. The model would in re- 
turn contain only six endogenous variables 
and would be overdetermined. With re- 
spect to the remaining three endozenous 
variables the choice is rather arbitrary, 
but in line with current debate it wculd be 
natural to let either central bank money 





= aonaran 
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or money supply in the wider sense ap- 
pear as policy parameters. Since Mone- 
tarists are vacillating between these def- 
initions of money supply (and others) 
it may be appropriate to study the im- 
plications of shifting from one money 
supply to the other as exogenous policy 
variable. 

Choosing first money supply in the 
wider sense as the exogenous variable, we 
add to our equation system a new equa- 
tion: 


(11!) dM. = dM" + adM* + Mda, 


which we obtain from M= M*+ M'a. We 
consider dM. as an exogenous policy mea- 
sure and dM” and dM? as endogenous 
variables, so that the composition of the 
. change of money supply is endogenously 
determined. In addition, we shall choose to 
let commercial banks’ borrowing, dZ’, and 
the discount rate, d7, appear as endo- 
genous. To let the central bank’s discount 
rate appear as endogenous is, of course, 
unusual in the sense that the discount rate 
now appears as a kind of “market” rate; 
it just means, however, that the central 
bank “follows” the market. In any case, 
this one is an “as if” model, where we are 
only interested in getting built-in flexibil- 
ity removed from budget and supply of 
money, and we remove it at the cost of 
assuming built-in flexibility in marginal 
tax rate, i, and discount rate, 7. 

We thus work with the system consist- 
_ ing of equations (1’) to (8’), (9’) and 
(11’). The policy measures are dG, dT, 
dB, da, and dM. Endogenous variables 
are shown in Table 1. It is clear that a set 
of data generated by the present model 
could also have been generated by model 
(1’) to (8^ and (9^). This is so because we 
could always add equation (11’) to that 
model and interpret dM. as an endogen- 
ous variable. | 

Solving for dY we now obtain 
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(10*) dF = a [a multiplicand] 
p 1p 


the terms of the multiplicand being: 


I: impact of autonomous changes in de- 
mand 


dcz -4 diz (ô” um) 


II: impact of total changes in expenditure 
and zevenue 


-+ dG a cal + cid B 


II: impact of total cash deficit via change 
in central bank money supply 


+ (dG — dT + dB + Dy)(s*um, — 1) 


IV: impact of debt management and open 
market operations 


cB l 

+ — (1 + C2 — 5*(umy = m3i1)) 

Tg 

V: impeéct of change in money supply in 
wide sense 


+ dMo(1 + ca — tlum + i) 


where A* = 1—c,— 8*(t.um+2,(n-+m)) ; 
we assume A* to be positive. In the weights 
of the rultiplicand we have the common 
factor 

C3 B 


— 7? Sign positive 
Mati f3 





and 
B a . 
M., = Mı — Ms — 7 Sign negative 
r 


g 


We first note a peculiarity: changes in 
reserve requirements, da, do not appear in 
the multiplicand, although da belongs to 
our pol:cy measures, the reason being that 
it has zero effects. Its effects are, as it were, 
absorbed in the (endogenous) changes of 
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the discount rate; and changes in the 
discount rate have no effects because 
it is endogenous. Thus the Monetarist 
would be justified in concentrating on the 
effects of changes in money supply in the 
wider sense. . 

A second striking feature is that auton- 
omous investments, di} enter with a 
negative weight (m, being negative). This 
remarkable result is related to the position 
of the banking system with the assumption 
of money supply, dM, being exogenous. 
An increase in investments requires an in- 
crease in bank Joans. Given the reserve ra- 
tio, bank loans can increase if M’ increases 
which at given dM» and æ can only happen 
if currency circulation falls, which in turn 
requires that income fall. Bank loans can 
also increase at given M, if bank borrow- 
ing from the central bank, Lè, increases, 
but this requires an increase in interest 
rates, which will again help to keep back 
investments and via wealth accomplish a 
fall in consumption. This fall in consump- 
tion must be so strong that we get a fall in 
income despite some expansion of invest- 
ments. It should be emphasized that this 
result does not hinge upon the magnitude 
of responses to interest rate ee but 
only upon their signs. 

Looking at Terms II and V we see that 
both government spending and money 
supply have positive weights, but while 
that of spending, dG, is equal to one, that 
of money supply>1. Transfers (dT and 
dB) have the weight ¢,<1. A priori, we can 
thus state that the effects of money sup- 
ply exceed those of changes in budget ex- 
penditure and revenue. And things get 
even worse for the Keynesians when we 
note that in Term III we have the mone- 
tary impact of the budget deficit through 
changes in central bank money supply 
implied by the deficit, and the weight of 
this term is negative and <—1. If we con- 
solidate Terms II and III we get 
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dG(s*um:) — (dT — dB)(o, + umn — 1) 


+ Do(8* um oe 1) 

where both dG, —(dT—dB), and Do ap- 
pear with negative weights. What is 
usually considered expansive fiscal policy 
thus implies a fall in income. With the 
monetary effects of budgetary changes 
and the deficit included in the effects from 
the budget, we thus end up with negative 
effects of fiscal policy and positive effects 
of changes in money supply in the wide 
sense. Which settles matters definitely in 
favor of the Monetarists. 

Again it may be asked why we obtain 
the remarkable result that Keynesian ‘‘ex- 
pansive” policies, a budget defcit, in- 
creased spending and a fall in taxes all 
have negative effects on income. And 
again the key to the answer is in the as- 
sumption that money supply in the wide 
sense Is kept constant despite the .ncrease 
of central bank money supply. A glance 
at equation (9’) shows immediatel~ that if 
for instance dG is positive (dT=iB=D, 


. =0) so that central bank money imcreases 


via the budget, then at given note circula- 
tion, M”, and bank borrowing, D, bank 
reserves, M’, must increase by an amount 
equal to dG through an increase of de- 
posits. The value of M, has thus increased 
by dG and to prevent a further increase 
through the bank’s expanding the:r loans 
on the basis of the reserve increése, the 
central bank rate has to increase s3 much 
that commercial bank loans frcm the 
central bank fall, and/or excess reserves 
are built up by the amount dG. But this 
still leaves the nonbank sector wth the 
initial increase in deposits equal to 7G and 
at given required reserves bank leans to 
investments (see equation (7’) )have to be 
cut down by this amount. Thus invest- 
ments will fall by dG and the expansionary 
effects of the increase in government ex- 
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penditure through the Keynesian part of 
the system will be completely offset: there 
is no increese in income. This is the ‘‘crowd- 
- Ing out” mechanism that the St. Louis 
school emphasizes (Spencer and Yohe). 
However, the only way (in our model) for 
the banks to adjust loans downwards is 
through an increase in the bank loan rate 
which through substitution between de- 
posits (including time deposits) and bonds 
will pull up the bond rate. There is thus a 
iall in private wealth: consumption and, 
hence, income will now fall. “Crowding” 
in the credit market with wealth effects on 
consumption are thus ultimately respons- 


ible for the negative effect on income of an ` 


increase in government expenditure. There 
is nothing mysterious in this result. 

Finally we have in Term IV the impact 
of debt management and open market 
operations. It can be broken down in sub- 
terms as we did in (10’). The weight has an 
indeterminate sign. We are left with the 
problem of whether this term should be 
counted as monetary or budgetary policy, 
be kept separate as debt management 
policy, or be divided according to who 
makes the operations. 

To make the best possible of the situa- 
tion for the Keynesians we should con- 
sider Term III as monetary policy impact 
which, if needed, could be neutralized by 
appropriate debt management or open 
market operations. The impact of changes 
in expenditure and revenue is then of the 
order of magnitude usually claimed by 
Keynesians (albeit definitely smaller than 
the impact of a change in money supply). 
But it should then be noted that irrespect- 
ive of whether fiscal policy is expansive or 
contractive we have simultaneous mone- 
tary effects (partly predetermined) work- 
ing through the budget, and these effects 
are “perverse,” that is, contractive or ex- 
pansive depending upon whether there is a 
total deficit or surplus. 


SEPTEMBER 1973 


B. European Constraint and Mo 
as Policy Variable 


If instead of M, we had chosen net cen- 
tral bank money supply, 


Ga) Mi= M" + M- L 


as the exogenous policy variable, we 
would be forced to let dB/r, appear as en- 
dogenous because the public sector budget 
constraint would be diM,=dG—dT+dB 
—dB/r,+Do. At least one of the variables 
in the constraint must be endogenous, and 
with Dy) and r, predetermined and dMo, 


dG, and dT exogenous, we have no other 


choice than to let dB be endogenous. This 
means that we have some flexibility in the 


budget, viz. via the interest payments; 


and we cannot speak about effects of debt 
management and open market operations. 
Since interest payments and their flexi- 
bility may be considered a secondary 
problem, we might be willing to accept 
working with dB as endogenous. Policy 
variables and endogenous variables are 
shown in Table 1. The solution for dY is 
then 


1 
kk ae Di 
(10**) dY = [a multiplicand | 


the terms of the multiplicand being: 


I: impact of autonomous changes in de- 
mand 


da Tenisi] 


II: impact of total changes in expenditure 
and tax revenue 


~- dG — cal 


III: impact of total deficit (disregarding 
inzerest payments) via stock of bonds 


‘eed Das, 
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IV: impact of reserve requirement and 
discount rate changes 


+ (Mda — abdis 


V: impact of changes in central bank 
money supply 


Haudasta 


where it can be shown that all ô are posi- 
tive assuming — m <aß/u. The weight of 
aM, is positive and so is the weight of dG. 
A priori we cannot say which one is larg- 
est. Interest payments do not appear in 
Terms II and III and there is no term, of 
course, for impact from bond transactions. 
Once more, we have the problem of how to 
classify Term III. And we note that now 
both reserve requirement and discount 
rate changes appear with monetary policy 
impacts besides money supply. At com- 
parison between (10*) and (10**) we find 
that while the effects of money supply in 
the wide sense definitely exceed those of 
fiscal policy (which even become negative 
when monetary effects are included), it is 
not possible a priori to say whether the 
effects of central bank money supply ex- 
ceed or fall short of those of fiscal policy. 
Monetarists will be strikingly right if 
we concentrate on money supply in the 
wide sense; Keynesians may be right if 
we concentrate on central bank money 


supply. 


C. Model with U.S. Type of Constraint 


Things work out somewhat differently 
with the U.S. type of budget constraint, as 
could be expected. Since the institutional 
setting here is arranged in advance so as to 
prevent flexibility in central bank money 
supply, we do not need to ask how to re- 
move this kind of flexibility. The Accord 
took care of that (by and large). On the 
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other hand, if we insist on keeping the 
characteristic feature of the budget con- 
straint unchanged, viz. that cash deficits 
or surpluses always be financed through 
debt management operations with the 
private sector, we have to continue to let 
debt management operations, dBy,/r,, be 
endogenous; thus we cannot remove bud- 
get flexibility with respect to interest pay- 
ments. Quantitatively this may perhaps 
be considered a secondary matter. We 
have, then, three possibilities with regard 
to the set-up of exogenous variables: 

(a) We can select dG, dT, da, dř, and 
dBes/r,(= —dM,) as exogenously deter- 
mined policy variables. The only difference 
to the previous solution (10’a) of the U.S. 
type of model is that flexibility in tax 
revenue is now removed. 

(b) We can select dG, dT, da, dBes/r, 
(=—dM,}, and dM,. In this case both 
central bank money supply and money 
supply in the wide sense are exogenously 
determined policy variables; no Monetar- 
ist has, however, had such a possibility in 
mind (for instance, discussing the effect of 
an increase in the monetary base at un- 
changed money supply in the wide sense). 
We shall leave this possibility aside. 

(c) We could, finally, select dG, dT, da, 
dř, and dM, implying that we remove 
flexibility in money supply in the wide 
sense, but permit flexibility in central 
bank money supply. To reintroduce flexi- 
bility in Mo means, however, switching to 
the European type of constraint, we have 
already studied this case (equatior. (10*)). 

We have thus in effect only one case, 
(a), to consider with the U.S. type of con- 
straint. We work accordingly with a 
model consisting of equations (1^) to (8’), 
and (9’a), (9’b), and (9’c), and assume 
that the exogenous policy variables are 
dG, aT, da, dř, dBcs/r(= — dMi). The en- 
dogenous variables are shown in TEAN 1. 
The solution for dY is 





564 THE AMERICAN ECONOMIC REVIEW 


ot 
(10**) 4F = ie [a multiplicand] 


Ka 


the terms of the multiplicand being: 


I: impact of autonomous changes in de- 
mand 


E E E 


U: impact of total changes in budget ex- 
penditure and revenue 


+ dG — ¢o,dT + c\dBop 
III: impact of total cash deficit via im- 
plied increase of private sector bond 
holdings 
+ (dG — dT + dBos + Di)(6s) 


IV: impact of changes in reserve require- 
ments 


+ Medals) 
V: impact of changes in discount rate 
+a 
+ bidř(— ad, ) 
VI: impact of open market operations 


(change in central bank money supply 
with opposite sign) 


aBep 


Yg 


-+ 





(0s) 


with 1,/A*+ being the multiplier (again, too 
tedious to write down) assumed to be posi- 
tive. The coefficients 63 and 89% are posi- 
tive, 6§¢ is negative, while the sign of 6f¢ 
is indeterminate. 

Note that Terms II and III do not in- 
clude change in interest payments arising 
from Treasury transactions in bonds, and 
strictly speaking these terms do not com- 
prise the ‘otal changes in expenditure and 
revenue and the deficit. The interpreta- 
tion of Term III is the same as that of 
Term III in (10’a). Both Term IT and VI 
are pcsitive, and we cannot say a priori 
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whether a change in budget expenditures 
and revenue or central bank money sup- 
ply has the strongest effect, even if we in- 
clude Tezm III in fiscal policy. 

Note also that our results in this section 
and the previous cnes are at variance with 
those of William Silber. 


VI. The Effects of Built-In Flexibility in 
Budgetary and Monetary System 


By tke automatic effects of built-in 
flexibilit:y of budget and monetary system 
together we shall, in line with the remarks 
in the introductory paragraphs, under- 
stand the difference between the effects of 
noncentrolled disturbances on national 
income ét the actual budgetary and mone- 
tary systems, and at a hypothetical sys- 
tem with no built-in flexibility. 

To fix ideas, we shall assume that sys- 
tem (1°) to (8’) with the European con- 
straint (9’) and dG, di, dB, da, and dř as 
policy parameters accurately describes the 
actually existing system and its adminis- 
trative modus operandi. System (1’) to 
(8^) wita (9’) and (11’) and dG, dT, dB, 
da, and dM, as exogenous policy variables 
is then a hypothetical system without 
built-in flexibility in budget and money 
supply in the wide sense. (See Table 1.) 
Instead of tax rate and discount rate we 
let tax revenue and money supply play 
the roles as policy parameters. 

If we let Esutom denote the automatic ef- 
fects of all built-in flexibility thus speci- 
fied, we have from solutions (10’) and 
(10*), dz; and di; being the nonpolicy dis- 
turbances, 


(12) Futam = [des -4 di36;| 


> | m 


1 . 
merc [des + disé*ym,| 


From (10’) and (10*) it follows that we 
could a.so write 


VOL. 63 NO. 4 
1 ' 
(12’) Truin = A* | a6- cud T+ cid B 


dB 
+— (1-62 3* (um isis) 


+(dG—dT+-dB+ Dy) 
z (8* um — 1) +dM2(1i+e2 


-otm +i) | 
1 
a | d-e Ydi, +-cid B 


dB 
=a (c2+62— 53) 


Tg 


-+(dG— Ydt;+dB+ Do)ês 


+ Mda(5s) +aBidF (0 | 


We want to split Eautom into automatic 
effects of the budget and the monetary 
system, respectively. Two problems arise. 
How shall we deal with debt management 
operations? And once again we are con- 
fronted with the question of whom to 
credit for the monetary implications of 
fiscal action. To exemplify, we shall here 
show the definitions that follow from in- 
cluding monetary implications of fiscal ac- 
tions and budget changes in fiscal policy, 
but leave debt management and the mone- 
tary implications of the initial deficit in 
monetary policy. 

We then naturally define the automatic 
effects of the budgetary system, Eaut.suay., 
as 


1 
(13) P auibudi. = A* [dG8* um, == (dT a dB) 
(cı + d* um, — 1)] 
1 
= [dG + 83) 
= (Ydi re dB) (cy -- 53) | 
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If, moreover, we agree that the automatic 


effects of the monetary system, Eaut.mon. 


should bedefined so that Eeut.mon. + Laut.budg. 


= Eautom, we have from (12’) and (13) 


1 [dB 
(14) Eaut mon. = mia (1 + Ce 


*l 7, 
— 6*(um, — msi) 
+ Dod*u(m — 1) 
F dM(1 +e 


— alum + i) | 





Ika ‘ P 
pete MRE nd C _—s 
a a+ de 3 


+ Dods + M?da(S.) 


4 adi) 


Defining, furthermore, the effects 
of discretionary budgetary measures, 
Faiscr.oudg., and monetary measures, 
Erua ms as (see 10’) 


1 
(15) Edise budg. = Fa [dG(1 + 53) 


— (Ydi, — dB)(c, + 43) | 
and 
dB 


Fg 





1 
(16) Ediscr.mon. ae | (c2+52—53) + Dods 


-+ M*da(é.) +a8,d7(6) | 


and recalling that the effects of nonpolicy 
disturbances when there is no built-in flex- 
ibility in budget or money supply in the 
wide sense, Enon—poticy, 1S . 


1 . 
(17) Enon—poticy a A+ [des + di36*um,| 


we have the total change in national in- 


566 THE AMERICAN ECONOMIC REVIEW 


come broken down upon the (total) ef- 
fects of nonpolicy disturbances, discretion- 
ary fiscal and monetary policy measures, 
and automatic effects from built-in flexi- 
bility in budgetary and monetary sys- 
tems, thus 


4 1 8) dY = ) DAE + dicir budg ; 
+ Laie “mon. -t Faut budg. FE cwtmon. 


Finally, we remind the reader about the 
two basic ambiguities in this definitional 
system: the removal of flexibility in bud- 
get and monetary system can be made in 
several ways, and the individual impacts 
can be distributed as fiscal and monetary 
policy differently from what we have done 
here. An obvious possibility is to single 
out bond sales as a separate policy (which 
will then have both discretionary and 
automatic effects) or, perhaps, distribute 
them on budgetary and monetary authori- 
ties. Similar expressions could be worked 
out for the model with the United States 
type of constraint. Since our main con- 
cern is concepts and definitions, we shall 
not enter upon the problem of the size of 
automatic effects in different systems al- 
though this must be an important con- 
sideration, in the choice of institutional 
system. 


VII. Some Implications for the Friedman-. 
Meiselman Controversy 

In their attack on Keynesian theory, 
Friedman and Meiselman (1963), (later 
referred to as F-M), tested the following 
hypotheses (we leave out the price vari- 
able which is of no relevance for what fol- 
lows): 


(19a) C=a + VM 
or 

(19a) dC = da + VaM 
(19b) C=a+ KA 
or 
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(19b’) dC = da + KdA 

(19%) C=a+VM+KA 
or 

(19c) dC =da + VaM + KdA 


thus explaining consumption by “money 
only” ((19a) in which V is velocity), by 
‘autonomous expenditure only” ((19b) in 
which 4 is autonomous expenditure and 
K the multiplier), and finally by “both 
money and expenditure’ (19c). F-M 
chose to use C as a dependent variable for 
purely statistical reasons. A number of 
definitions of M were tried out; they 
ended up with a definition corresponding 
to our M» (currency in public circulation 
plus adjusted demand deposits plus time 
deposits in commercial banks; see F-M, 
(1963) p. 184). A was defined as private 
domestiz investment plus the government 
deficit on income and product account, 
plus the net foreign balance. 

F-M’s methods were criticized partly for 
misspec‘fication, partly for statistical rea- 
sons. Here we shall comment mainly on 
the first problem. 

F-M ‘1963, p. 174) were, of course, fully 
aware that the hypotheses to be tested de- 
pend upon the specifications of the basic 
structural models of which the second and 
third equations are reduced forms. There 
is little point in demonstrating this ac- 
knowledged fact. In deriving the reduced 
forms, however, nobody tried to derive 
the combined form from a basic structural 
model, and it must, of course, be the com- 
bined form upon which interest should 
center. Albert Ando and Franco Modig- 
liani did set up a model containing both 
budget variables and money supply, but 
the model was mainly used for discussing 
the conditions for the extreme first and 
second hypotheses (19a) and (19b) to fol- 
low from the model as reduced forms. 
Thus, it may perhaps be of some interest 
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to compare F-M’s third reduced form with 
the form we would obtain from equation 
(10*) or (10**) if we were to remove all 
autonomous elements from the left side of 
the equation. 

We single out equations (10*) and 
(10**) rather than (10’) and (10’a) be- 
cause F-M explicitly wanted to work with 
money as one of the explanatory variables, 


and with the total (change of the) deficit | 


included in the so-called autonomous ex- 
penditure, the other explanatory variable. 
This means that their equations (19a), 
(19b), and (19c) must be interpreted: as 
reduced forms of models without any kind 
of built-in flexibility in budget and money 
supply in the wide sense. There is nothing 
wrong in that, as we have seen. The criti- 
cism raised against F-M by all participants 
of the ‘discussion!*—that they confuse 
autonomous and induced variables, par- 
ticularly with respect to budget revenue 
and money—was thus misdirected. F-M 
were to that extent entirely justified in 
ridiculing this objection. Granted that, it 
should not be overlooked, however, that 
the effects that F-M tried to measure were 
the effects of total budget and money sup- 
ply changes which lump together effects 
of discretionary measures and automatic 
effects of built-in flexibility and thus are of 
no relevance for appraising actual discre- 
tionary policy measures taken in the past 
and present, and (probably) in the future. 
F-M’s findings are relevant for appraising 
policy actions only in the country of 
Erehwon; they would, however, become of 
great interest for evaluating past and 
present developments were they con- 
fronted with corresponding estimates of 
the effects of discretionary measures be- 
cause they would then allow us to draw 
conclusions about the stabilizing or de- 


35 Ando and Modigliani; Michael DePrano and 
Thomas Mayer (1965); Donald Hester. 
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stabilizing properties of budget and mone- 
tary systems. 

Starting out, then, from equation (10*) 
we obtain after deducting the autonomous 
part of dY, 


(10*) d¥—dcs;—dis—dG 
1 
s | dex — A*) +dis(8 um, — A*) 


+ dG(5* um — A*) 
— (dT — dB) (¢,+5*um,— 1) 


dB ; 
Ls (1 + Ce O* (um, —mMs3i1)) 


g 


+ Do(ôfumı— 1) 
+dM(1+t:— umi) | 


This expression, compared with F-M’s 
third reduced form (19c’), on differential 
form, gives rise to the following observa- 
tions: 

(i) Equation (10*) is based on a 
model with the European type of budget 
constraint. It may be questioned to what 
extent this model is adequate for the U.S. 
economy after the Accord of 1951, and 
before the Great Depression. When dM, 
is exogenous, however, we had no other 
choice than to switch back to the Euro- 
pean type of constraint. In a different 
model this might perhaps not be so. If 
the comparison had been between the 
effects of central bank money and budget 
changes on the basis of equation (10**), 
we could, and probably should, work with 
different models (different budget con- 
straints) before and after 1951. This 
would lead to different specifications of 
the regression equations for different 
periods. F-M use the same specification for 
all periods. 

(ii) Equation (10*’) implies that au- 
tonomous expenditure, dA, should be de- 
fined as 
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dA = dex(1— A*) + (dis +-dG) (5*um— A*) 
— (dT —dB)(cy+8*um— 1) 
instead of 
dA = d(I + G —T + B) 


which corresponds to F-M’s definition (dis- 
regarding the foreign deficit). The term A 
should thus be the weighted sum of the 
individual items. Only in the simplest Key- 
nesian models where A*= 1 — c, can weight- 
ing be escaped (DePrano and Mayer). 
Since the weights of the individual items 
are composed of coefficients in the basic 
model and are unknown, we would have to 
use dc, diz +dG, and d7—dB, with Dy, 
dM, and dB/r, as separate explanatory 
variables in a regression analysis. Similar 
points were made by Ando and Modigli- 
ani. | 

(iii) The exclusion of the autonomous 
parts of dY from the left-hand side of 
(10*’) implies that the multiplier effects 
dcs, diz, and dG are reduced by one, where- 
as those of dT —dB, dB/r,, Do, and dM, 
remain unchanged. This was, of course, 
pointed out by F-M (1963, pp. 176 and 
205); but both they and other partici- 
pants in the discussion seem to have over- 
looked that whereas 1/A*, the general mul- 
tiplier, has to be positive for the system to 
be stable Gf this is thought necessary), 
there is nothing to prevent 1/A*—1, the 
consumption multiplier (of dc; in our 
model) from being negative. F-M found 
negative consumption multipliers and 
correlation coefficients between autono- 
mous expenditure and consumption for a 
‘number cf periods and declared this to be 
“the most puzzling result we have found” 
(1963, pp. 203 and 212). Nothing could be 
less puzzling; it only requires that 1/A* <1, 
that is A*>1. This suffices to make the 
effects of autonomous consumption, dcs, 
negative. And the effects of (dis-+dG) and 
—(dT—d@B) are in any case negative with 
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our model. With the specifications of our 
model, F-M should indeed expect to find 
negative multipliers for what they call 
autonomous 2xpenditure.!* And apart from 
the simplest Keynesian models, the con- 
sumption multiplier may always be nega- 
tive. 

On the other hand, it cannot be suff- 
ciently emphasized that for the very same 
economy wh:ch gave us negative effects of 
total budgetarv changes, we should find 
positive effects of discretionary fiscal 
measures, ecuation (10’) and they might 
even be larger, dollar by dollar, than the 
effects of discretionary monetary meas- 
ures. If this were what the Keynesians 
have in mind, both parties could be per- 
fectly rizht, asking different questions to 
the same set of economic relations. 

(iv) We are led to consider the nu- 
merical size of A*. Our assumptions about 


18 Alsc the St. Louis econometricians, Leonall Ander- 
son and Jerry Jordan (1968) (1969) find systematically 
small positive or negative effects (usually insignificant) 
effects on GNP of their fiscal indicators with strong and 
significant posit.ve effects of money supply in the wide 
sense. Their fiscal indicators are, however, open to 
criticism. It is also interesting to note that when corre- 
sponding regressions are made with the rate of interest 
as the monetary policy variable, the crowding effects 
of government spending seem to disappear; fiscal policy 
then appeers with strong effects (Spencer and Yohe, p. 
23; M. Ke-an (1970)). This is precisely what we should 
expect wita our model when we give up M: as exogenous 
variable and uses ? instead. 

Anderson and Jordan work with distributed lags in 
their reduced forms and their statistical estimates show 
invariably that ascal policy has positive effects on Y 
in the first pericd(s) but that effects thereafter become 
strong!y n2gative. By lagging all monetary variables in 
the behaviorial equations of our model, experiments 
show that our model on an appropriate choice of coeffi- 
cient valuzs can reproduce exactly the same time pat- 
tern of the response of income to fiscal policy changes: 
positive effects in the first period(s), followed by 
stronger regative effects. From our discussion of the 
individual terms in equation (10*) it is easy to under- 
stand why this is so. It is the repercussions through the 
financial part of the system that makes the ultimate 
results difer from standard Keynesian thinking, and if 
these repercussions are lagged the Keynesian relations 
will dominate m the beginning but sooner or later be 
wiped out by the financial reactions. 
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the signs of the constants and parameters 
do not guarantee A*>0, but do not pre- 
vent A*>1, either. If m, is numerically 
small, this condition may be fulfilled; if, 
further, cz, B, tı, 72, or u are sufficiently 
large (numerically) we will indeed have 
ad. | 

(v) Note also that in regression anal- 
ysis of the reduced forms we would prob- 
ably have to use the solution on the form 
of (10*’), where Terms IT and III of (10*) 
are consolidated. Otherwise, we might run 
the risk of a high degree of collinearity 
between the explanatory variables. For 
empirical analysis we might thus not even 
have the option of excluding the so-called 
monetary effects of budgetary changes 
from the effects of total fiscal changes to 
escape the negative effects of the latter. 

(vi) Given the general multiplier, 
1/A*, we know that (with Terms II and 
III of (10*) consolidated) the effects of 
budget changes are negative and those of 
changes in money supply positive. Inspec- 
tion of the weights in (10*’) shows, more- 
over, that both are numerically larger, the 
larger are cz, i, and m, (numerically). In 
other words, large wealth and interest re- 
sponses increase the effects of money sup- 
ply as compared with the (negative) bud- 
getary effects. By insisting on large wealth 
and interest responses, Keynesians may 
thus be doing harm to their own case, pro- 
vided that the issue is the total effects. 
With respect to the effects of discretionary 
measures, however, this does not hold 
true. 

(vii) Finally, the specification of F-M’s 
third hypothesis is open to objections, 
quite apart from the definition of dA. First, 
debt management and open market opera- 
tions implying changes in the privately 
owned stock of government bonds are not 
included in their regressions. This is a mis- 
specification; only if they had chosen to 
let all bond transactions appear as endog- 
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enously determined would it have been 
correct to leave out government bonds in 
the regression equation; but in tkat case 
we would have had to let the discount rate 
appear as an exogenous variable and a de- 
terminant in the regressions. 

(viii) Second, our model leads to the 
inclusion of the initial budget deficit as an 
explanatory variable in the differential 
model, in addition to, the (weighted) 
changes in the budget. F-M included the 
budget deficit in their original equations 
and on differentiation only the change in 
the deficit should appear as an explanatory 
variable. There is no doubt that F-M at 
this point have been perfectly faithful to 
conventional Keynesian theory; zhe ap- 
pearance of the deficit itself is at variance 
with basic Keynesian thinking, excepting 
Lerner, and is closely related to the recog- 
nition of the public sector budget con- 
straint. Models that respect that con- 
straint on public sector behavior will al- 
ways come out with the budget deficit it- 
self as an explanatory variable when 
working on first differences. 
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A Model of the Trade and Government 
Sectors in Colonial Economies 


By THOMAS BIRNBERG AND STEPHEN RESNICK* 


This study examines historically and 
quantitatively the process of colonial de- 
velopment for selected economies of Asia, 
Africa, and Latin America. A simultaneous 
equations model is applied to each country 
from about the start of the twentieth cen- 
tury until the outbreak of World War II 
in an attempt to identify those forces 
which made these economies dependent on 
international trade. A principal objective 
of this research is to construct and apply a 
structural model of aggregate behavior 
which explains the development pattern 
of several countries in different geograph- 
ical areas. The sample countries include 
those experiencing overt colonial control 
such as Ceylon, India, Jamaica, Nigeria, 
Philippines, and Taiwan, as well as Cuba, 
Chile, Egypt, and Thailand where foreign 
influence and control were perhaps more 
subtle but no less important in determining 
economic activity. Our analysis does not 
intend nor does it show the actual degree 
or level of exploitation or which groups 
within which countries benefitted or lost 
from the colonial relationships. 

From about the end of the nineteenth 
century onwards, economic development 
in these countries took on a new direction 
with the extensive penetration of Western 
commodities, organization, and control, 
ushering in the era of the export economy.! 


* Assistart professor, Yale University and professor, 
University of Massachusetts, respectively. Portions of 
this research were financed by funds provided by the 
Nationa. Science Foundation, GS-2804. However, the 
views expressed in this paper do not necessarily reflect 
those of the Foundation. Ignazio Cocco, Janet Farooq, 
and Robin Kibuka provided valuable research assis- 
tance in the preparation of this paper. 

1 We selected countries for which we could collect 


The model measures these external forces 
through such variables as real income and 
prices within the developed world which 
shifted the export demand function facing 
the colony. This historical development 
was also characterized by internal colonial 
government expenditures, directed to- 
wards the promotion of the export econ- 
omy. The effect was a rightward shift of the 
colonial export supply function.? Colonial 
export prices are thus shown to be endog- 
enous and determined simultaneously by 
expenditures of the colonial government 
and alsc by the developed countries’ de- 
mand characteristics and trade policies. 
This suggests that previous explanations 
of colonial development which have omit- 
ted the government as an explicit variable 
have been misspecified. 

The paper is divided into the following 
three s2ctions: Section I presents the 


econometric model and summarizes the es- 


timation method used; the empirical results 
are presented and discussed in Section IT; 
and the last section evaluates the results 
using dynamic simulations. 


reliable and consistent data going at least as far back as 
the stert of the twentieth century. The sample period 


for each ccuntry is as follows: Ceylon, 1897-1938; Chile, 


$72 


1890-1928; Cuba, 1903-1937; Egypt, 1891-1937; India, 
1890-193€; Jamaica, 1886-1938; Nigeria, 1901-1937; 
Philippines, 1902-1938; Taiwan, 1904-1936; and Thai- 
land, 1902-1936. A data set for each country was col- 
lected from original country and colonial sources listed 
in the bibhography and is available on request from the 
authors. Considerable effort was devoted to construct- 
ing the data set in order to heve a consistent time-series 
not only zo insure reliable estimates but also to make 
intercountry comparisons. Several countries which 
could have been included in our sample were rejected 
because of the quality of their original data. 

2 For a theoretical model describing the role of the 
government sector, see Stephen Hymer and Resnick. 
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I. The Model 


A basic circular structure underlies a 
system of five behavioral equations, speci- 
fied in double logarithmic form,’ and five 
definitional equations which together de- 
scribe the trade and government sectors 
of a colonial economy. Colonial govern- 
ment expenditures are directed toward 
promoting the growth of real exports 
which, in turn, pay for real imports. The 
expansion of exports and imports generate 
directly and indirectly revenues for further 
government expenditures which continue 
the growth process and complete the cir- 
cular structure of the model. Changes in 
real income, prices, and trade policies 
within the developed world affect the 
colonial structure through the developed 
countries’ demand for raw materials and 
food. 


A. The Trade Sector 


_ Supply and demand equations for real 
exports along with a market clearing equa- 
tion act together to describe the economic 
interrelationship between colony and col- 
onizer. The trade sector is completed by a 
colonial demand equation for real-imports 
and by definitional equations for nominal 
exports and imports. 

Equation (1) determines the principal 
commercial activity of the colonial econ- 
omy which is the supply of real exports.’ 


(1) ln Ne = do + a,ln Px, + doln Pm, 


-+ a3 ln 2, Ge 


i=l 
R 
+ da in X sS F &s Ds, 


3 The double logarithmic form will provide a linear 
linkage between the model’s real and nominal variables, 
and the estimated coefficients will be elasticities. Linear 
specification was tried and was found to yield highly in- 
ferior estimates, because of multiplicative rather than 
additive errors. 

4 For ease of exposition, the error terms in all the be- 
havioral equations in this section have been omitted. 
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where: 


X#=the supply of total real com- 
modity exports from the col- 
ony. 

Px=the colony’s Paasche export 
price index (1913=1).° 

Pm=the colony’s Paasche import 
price index (1913= 1). 

2G =the lagged value of accumu- 
lated real government expen- 
ditures in the colony.® In the 
discussion to follow, this vari- 
able will be denoted ARGE. 

Ds=a dummy variable reflecting 
the impact of exogenous 
events upon the colony’s sup- 
ply function. 


This aggregate supply equation assumes 
that a composite commodity, real exports, 
depends upon a corresponding export price 
index. A priori the sign of the export price 
coefficient a, is expected to be positive.’ 
Import prices influence real exports in two 
ways: the costs of production are assumed 
to be represented by this index since these 
economies were dependent on the interna- 


5 The Paasche export and import price indices were 
specially calculated for this study. These indices were 
calculated using the largest bundles of goods for which 
consistent and reliable quantity and value data were 
available. Paasche indices rather than Laspeyres or 
Fisher Ideal indices were used because the composition 
of the commcdity bundles changed more rapidly than 
did prices. The indices were linked using backward 
bases because exporters respond to current prices rela- 
tive to past prices, not relative to future prices. The 
linkages of the indices were designed to account for the 
principal changes in the composition of the commodity 
bundles. 

6 The method of calculating this variable is found in 
the description of the government sector. 

7 a, is not only the export price elasticity, but also the 
terms of trade elasticity, for the supply equation can be 
rewritten as 


(19 ln Xs, = do + a, ln Pr, + (a2 ~ a1) in Pun 


+ asin $ Gri + an Xs, , + asDs, 


i=l 


where: Pr = Px/Pm=colony’s terms of trade. 
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tional market for many of their interme- 
diate goods and almost all of their capital 
goods;* ard the domestic price of incentive 
or wage goods in the export sector Is as- 
sumed to be reflected by this index since 
their importation often led to the displace- 
ment of inferior rural manufactures by 
superior foreign commodities.? For these 
reasons the sign of the import price coeffi- 
cient is expected to be negative. Taken 
together, the export and import prices re- 
flect the macroprofitability of an export 
economy. 

Accumulated real government expendi- 
tures enter as a variable because the gov- 
ernment is assumed to have been a crucial 
provider of the necessary infrastructure 
and social intermediate products associ- 
ated with the development of an export 
economy. The growth of trade experienced 
by these economies would hardly have 
been possible without the expenditures on 
harbors, wharves, culverts, road systems, 
railroads and other public works as well as 
the investments in administrative infra- 
structure, in health facilities such as ma- 
laria control, in the establishment of order 
such as an organized police and army es- 
tablishment, and in various directly pro- 
ductive agrarian activities such as irriga- 
. tion, artesian wells, disease research for 
crops, and communication facilities.!° 
Thus, accumulated real government ex- 
penditures provided the necessary colonial 
environment in which producers were able 


8 One might reasonably assume that domestic labor 
was available in unlimited supply for export produc- 
tion. 

? See Resnick (1970) for such a model of trade be- 
havior. 

10 Government expenditures are not disaggregated 
by category basically because such a breakdown was 
available only for a few countries. Even if a consistent 
breakdown was available for all the colonies, there is no 
theory suggesting what was an export development ex- 
penditure and what was not. The only exception to this 
approach was to subtract expenditures neither directly 
nor indirectly connected with the development of an 
export economy, such as the royal household expendi- 
tures in Thailand. 
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to respond to changing market incentives 
reflected by export and import prices. In 
a real sense colonial technical progress was 
embodied within government expendi- 
tures, thereby providing the favorable 
“atmosphere” for the historic develop- 
ment of the export economy." A priori 
the expectec sign of the government vari- 
able is positive indicating a rightward shift 
over time in the supply schedule.” And the 
actual size of the coefficient provides em- 
pirical information on the marginal pro- 
ductivity of colonial government expendi- 
tures in promoting real exports. 

We rejected time as a variable in our 
model ky testing whether lagged accumu- 
lated real gcvernment expenditures, 


Ge 


teal 


ARGE = 


was a time variate in the supply equation. 
First, we replaced ARGE with time, and 
the results contained incorrect signs and 
high standard errors. Then, we included 
both ARGE and time, and the time variate 
was insigniicant while ARGE remained 
significent. The main reason that ARGE is 
not a proxy tor time is because it does not 
grow linearly. In particular there exist 
many substantial differences between the 
growth rates of G? for various subperiods 
of the estimation period. 

Leggsd real exports were introduced 
into equation (1) to test for the possibility 
that there was a difference between the 
short- and long-run supply response. The 
supply equation was estimated with and 


1 Private Investment was omitted from the model 
not only secause data were not available, but also be- 
cause his-orically government expenditures were com- 
plements to or necessarily preceded private investment. 
In this sənse, government expenditures provided the 
“big pusk” for the development of the export economy. 

12 We explored the specific question of the time pat- 
tern of governmental impact by estimating equation (1) 
using alternative distributed lag structures. These esti- 
mates yielded results inferior to those derived using 
ARGE. 
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without X, and we leave this choice of 
specification as an empirical question. 

Equation (2) explains the demand for 
real exports. 


(2) In Xp, = bo + bi In Pay + baln Ye 
+ bs In Pd, + bi ln Xn., 
+ bsDo, 

where: 


XZ=the demand for tctal real com- 
modity exports. 

Y*==real GNP in the developed coun- 
try; for some countries industrial 
production, Q, is used. 

Pd=the domestic price level in the de- 
veloped country; when F? ap- 
pears as a variable, Pd is the im- 
plicit GNP price dedator; when Q 
is used, a Pd was ap>dropriately se- 
lected to reflect the commodities 
traded as either an. import price 

index, or a price index of raw ma- 
terials. 

Dp=a dummy variable reflecting the ef- 
fect of exogenous events on the de- 
veloped country’s demand func- 
tion. 

As with the supply equation, we specify a 
standard distributed lag formulation. 


The colony is not assumed to be a price 
taker; rather the market clearing equation 
(3) holds. 


(3) In Xs, = In Xp. 


Export prices are then endogenous to the 
colonial trade system. This assumption 
is in contrast to much of the develop- 
ment literature where export prices are 
assumed implicitly to be exogenous to the 
developing world. 


18 For countries with a variable exchange rate, the de- 
mand price is a new variable Px’ defined by the addi- 
tional equation, ln Px’ = In Px + ln x, where x is the 
exchange rate of the colony’s currenzy relative to that 
of the developed country to which it was tied, 
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The assumption of an exogenous ex- 
port price was empirically tested by es- ~ 
timating the reduced form equetion for 
the export price. Exogenous variables in 
both the supply and demand equations 
for each country were significent and, 
therefore, were required to explain the 
export price. Thus the assumption of an 
exogenous export price was rejected,“ 
and the estimation of a demand 2quation 
as well as a supply equation usirg simul- 
taneous equations methods was necessary. 

The political and economic reletionship 
between the colony and the d2veloped 
country often led to a fairly gh per- 
centage of the former’s total commodity | 
trade being carried on with the d2veloped 
country and its other colonies (sse Table 


1). Exports to these other colories were 


either for transshipment (for 2xample, 
entrepôt trade with Hong Kong and 
Singapore) or for direct consumption in 
these colonies. The model assumes that 
the economic activity of these other 
colonies is reflected, by and can be mea- 
sured by that of the developed country. 
Therefore, the specification of 2quation 
(2) is based upon the empirical observa- 
tion that colonial trade was bilateral in 
nature which, in turn, reflected the bilat- 
eral political relationship that emerged 
over time. For these reasons, competitive 
prices for alternative sources of export 
supply do not appear in the developed 
country’s aggregate demand schedule. A 
domestic price level is included to reflect 
the substitution between domestic and 
imported goods. 

The incomes and prices of the United 
Kingdom, United States, and Japan are 
assumed to be the main driving forces or 
instruments affecting the economic ac- 


44 The importance of specifying the expert price as 
endogenous was originally motivated by estimates of 
the supply equation with the export price as exogenous. 
These estimates yielded negative, rather than positive, 
export price coefficients for most countries. 
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TABLE 1—DiIsTRIBUTION OF EXPORTS FOR SELECTED YEARS 


Developed 

Country 19002 ` 1913 

Ceylon U.K.+ colonies 78.3 58.0 
U.S. 7.0 16.5 

Chile U.S. 3.9 21.0 
U.K. 73.5 39.5 

Cuba U.S. 76.8 79.9 
Egypt U.K. 54.5 42.6 
india U.K.+colonies ` 59.1 ` 39.4 
Jamaica U.K. + colonies 23.2 24.8 
U.S. 63.8 57.4 

Nigeria U.K. 31.4 50.9 
Germany 55.8 41.8 

Philippines U.S. 40.0 34.4 
Taiwan Japan 60.0 75.7 
Thailand § U.K.-+colonies 85.5 83.2 


Percentage of Export Trade with Developed Country Instruments Corresponding 


1925 1938> to Developed Country* 
52.2 72.1 Vix, LIMIT 
29,9 12.6 CAR 

39.2 30.0 Qus, POS, RESTR 
34.6 26.0 

74.6 80.7 Qus, Pis, QUOTA 
43.5 30.9 Vix, Pug, WWI 
34.1 45.7 Qux, Pux 

48.6 85.0 Qux, Pux 

40.7 3.7 RESTR 

54,7 50.0 Yor, Pux 

21.3 17.7 WWI 

73.0 77.0 Vis, Pus, QUOTA 
82.0 89.4 Yp, Prp, WWI 
74.6 79.0 Yin, Pug 


s The initial year used for Cuba is 1903, for Nigeria is 1901, for Philippines is 1904, and for Thailand is 1901. 
b The final year used for Chile, Cuba, and Egypt, 1937; for India, 1936; and for Taiwan, 1935. l 


¢ For definitions see Appendix. 


tivity of their respective colonies (see - 


Table 1). While the model focuses upon 
the principal trading relationships that 
emerged historically, adjustments to this 
approach are made when the export trade 
pattern showed an obvious change in di- 
rection. For Ceylon, the variable CAR 
reflects the demand for rubber by the 
United States after 1905. In Chile, even 
though the United States and the United 
Kingdom were the major trading partners, 
copper exports were controlled by three 
U.S. companies. The U.S. income and 
price variables are taken then as the main 
determinants of the demand function. For 
Jamaica, the dummy RESTR accounts 
for the dramatic decline of its trade with 
the United States after the imposition of 
the Hawley-Smoot Tariff of 1930. For 
Nigeria, the dummy WWI measures the 


impact of the complete cutoff of its trade 


with Germany. 

The growth in real exports had as its 
dual the growth of real imports. The in- 
creased specialization of the colonial 
economy was reflected by a shift of re- 
sources out of traditional activities into 
commercial ones. Correspondingly, the 


demand for foreign consumer and inter- 
mediate commodities expanded. Here, the 
opposite of an import-substitution policy 
was being pursued. Colonial policy was 
clearly biased towards the promotion of 
exports -ather than indigenous manufac- 
turing, and the resulting decline of tradi- 
tional industry associated with the pre- 
colonial agrarian society was replaced by 
the expansion of and reliance on imported 
manufactures. 

Equation (4) describes the demand 
function for imports in real terms. 


(4) nMi =aln Xt + csin Pm, 
++ c3 ln Px, + Du, 
where: 


M*®= total real commodity imports by 
the colony. 

Du=a dummy variable reflecting the 
impact of exogenous events upon 
the colony’s import function. 


The following definitional equations for 
nominal commodity imports M, and nom- 
inal commodity exports X, complete the 
trade sector. 
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(5) in Me = ln Ue + ln Pm 
(6) ED ene Oe ee 


In equation (4) the coefficient cı measures 
the increase in real imports caused by an 
increase in real exports. This coefficient 
also provides a measure of the nominal 
trade balance. If c,<1i, then the colony 
ran a nominal trade surplus, while if c.>1, 
it ran a nominal trade deficit. The co- 
efficient c is the import price elasticity of 
demand by the colony for developed 
countries’ goods. The coefficient c; mea- 
sures the shift of the demand schedule for 
real imports as export prices change. A 
priori, we expect the sign of c to be nega- 
tive and the sign of cs to be positive.’® 


B. The Government Sector 


The government sector has two be- 
havioral equations, the generation of 
nominal revenues (7) and the expenditures 
from that revenue (8). 


(T) In Ry= dod In X; +dy In My+d;Dn, 
(8) - in G= ĉi ln Rites ln Gite Da, 


where: 
R=total nominal revenues gen- 
erated in the colony. 
M=the colony’s total nominal 
commodity imports. 
G= nominal colonial government 
expenditures. 

Dr; Da=dummy variables reflecting 
the impact of exogenous 
events upon the colony’s 
government revenue and ex- 
penditure functions, respec- 
tively. 

46 To derive this conclusion, rewrite equation (4) in 

terms of nominal imports and nominal exports as 


(4 in My = Cy ln At + (C2 ~- 1) ln Pin 
+ (c3 — c1) In Pay + ecDat, 


t6 With both the import and export prices scaled equal 
to one in 1913, the coefficients cz and c3 describe how 
these prices change the nominal trade balance of the 
colony relative to that in 1913. 
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The expansion of real exports is assumed 
to generate revenues directly from specific 
export taxes or indirectly given that tax- 
able real economic activity in the colony 
was in one way or another tied to real ex- 
port activity. Revenues from nominal 
imports were derived directly from import 
duties and indirectly from taxes on com- 
mercial import activity. The expenditure 
equation (8) can be derived from a revenue 
expectation model, where government 
spending in the current period depends on 
expected revenue. An alternative deriva- 
tion of equation (8) is that government 
expenditures are divided between recur- 
rent expenditures, e: in Gis, and current 
expenditures, e, in R. 

Real government expenditure in a given 
year is defined as!” 


(9) ln Ge = In Gi — in Pm 


The price of imported goods is thus as- 
sumed to reflect the cost of government 
expenditures because government capital 
goods were usually imported, and govern- 
ment employees, particularly colonial of- 
ficers, were dependent on imports to main- 
tain their standard of living. Lagged ac- 
cumulated real government expenditures 
(ARGE) are then calculated using the in- 
ventory formula!® 


= w qel 
(10) ARGE = Gui = È Gni + LG 


i=] tex} F 


1? For some countries, we added to government ex- 
penditures in equation (9) the relatively small value of 
public works expenditures financed from borrowing 
abroad. 

1€ For several reasons, accumulated real government 
expenditures were not depreciated. There exists no a 
pricri information on the actual depreciation of these 
expenditures. If they are a measure of colonial technical 
progress, then no depreciation raté should be used. In 
addition, we carefully checked the sensitivity of our 
supply equation estimates against those with assumed 
rates of depreciation. For a range of possible rates of 
1 to 4 percent, we found small changes in the estimates. 
As the depreciation rate rose above 4 percent, the esti- 
mates became increasingly inferior. 
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where: To=earliest year of data for GF. 
Soe Gz; is the initial stock of accumu- 
lated real government expenditure which 
was calculated by first estimating the re- 
gression equation for the growth rate of 
G7: 


ke smt CST Tice 


where 7 is selected as the year with the 
longest consistent pattern of growth of 
GE. Let ĝo and &, be the estimated values 
OI @ and a. Then 


=. Gy (Ti) a otf Âi 
2 e o 8 ee e g g DS e i 
im} tea], 

A 4r A 

= Pe ite E 1) 


is the estimated initial stock of accumu- 
lated real government expenditures. 


F. 
Èa GT 
tl 


A 
aj 


C. Estimation Method 


Equations (1) through (10) constitute a 
system of ten equations in ten unknowns, 
namely XF, X5, Px, ME, X, M, R, G, GÈ, 
and ARGE. Initial estimates of the model 
using instrumental variables revealed a 
well-defined pattern of serial correlation in 
the plotted residuals of most equations. 
This serial correlation posed serious prob- 
lems for making reliable cross-country 
comparisons, for distinguishing between 
distributed lags and autoregressive errors, 
and for judging the performance of the 
model in explaining the observed develop- 
ment pattern. 

An estimation method described in the 
econometric part of the Appendix was 
used to solve these problems of autocor- 
related errors in a simultaneous equation 
system. All current and lagged endogenous 
variables in the autoregressive model were 
treated as endogenous. Therefore, these 
variables were instrumentally adjusted 
taking into account the structural order- 
ing of the model. Using an iterative 
method, the model yielded consistent es- 
timates of the equation parameters. This 
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method always converged to a value of 
the autoregressive parameter p that satis- 
fied the condition that its absolute value 
did not exceed one. The method actually 
removed the first-order serial correlation 
pattern ir the data.’® Finally, the iterates 
yielded estimates of the parameters with 
correct signs and relatively low standard 
errors. 


II. The Results 


The estimates of the five structural 
equations for each of the ten countries are 
reported in Appendix Tables t through 5. 
All the sizns of the estimated coefficients 
are correct, and the standard errors of 
the coetizients and of the equations are 
rather low.” l 

We find lagged real exports Xf: ap- 
pearing as an explanatory variable indicat- 
ing the presence cf a lagged adjustment 
process in the supply equations of Cuba, 
Ceylon, Nigeria, and Taiwan, and in the 
demand equations of Chile, Nigeria, and 
the Philippines. For the remaining supply 
and demand equations, lagged real ex- 
ports did not appear significant and it was 
dropped as an explanatory variable. 

The estimated export price coefficients . 
of the supply equations indicate inelastic 
aggregate supply schedules in colonial 
economies. The elasticity estimates vary 
in magnitude from .142 in Nigeria to .536 
in Jamaica, with an average of .315. These 
are short-run supply elasticities for all 
countries and also long-run supply elas- 
ticities for the six countries where no dis- 


19 While this conclusion is based upon examination of 
the plots of the estimated residuals of the fifty equations 
estimated, one imperfect indicator of the degree of im- 
provement is given by the Durbin-Watson statistic. 
Omitting the eight equations for which no autoregres- 
sive adjustment was needed, the average D.W. statistic 
was 1.23 before and 1.94 after the adjustment. 

20 We havs reported /-values and the KR? statistics be- 
cause thev are usually expected, even though there are 
qualificaticns about their applicability in a simultane- 
ous equatior system. — 
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tributive lag process was found. For the 
four countries in which X?_, appears, the 
average long-run elasticity is .880 ranging 
from .281 in Nigeria to 1.92 in Ceylon. If 
Ceylon is excluded on the grounds that its 
exports were comprised primarily of out- 
put from tea and rubber estates, then the 
estimated aggregate supply elasticity for a 
colonial economy is inelastic in both the 
short and long run.”4 

The elasticity of demand for aggregate 
real exports is also typically inelastic with 
the average export price coefficient in the 
demand equation of —.512 in the short 
run for all ten countries. The long-run 
elasticity averages — 1.15 for three coun- 
tries in which an adjustment process is 
present. If Chile is excluded on the 
grounds that the demand for the two main 
exports, copper and nitrate, is elastic, 
then the average falls to —.41 in the short 
run and —.95 in the long run (for Nigeria 
and the Philippines). . 

The relatively inelastic supply and 
demand schedules for a colonial econ- 
omy when both curves were quite shift- 
able produced rather dramatic changes in 
the price of exports. Shifts in the supply 
schedule are measured by the coefficients 
of the import price and accumulated real 
government expenditures. The average 
coefficient associated with the government 
variable is .47 and with the import price, 
—.35; for the four countries with an ad- 
justment process, the respective long-run 
coefficients are 1.2 and —.8. India has the 
lowest long-run elasticity associated with 
government expenditures followed by 
Egypt and then Thailand. In fact, these 
three countries seem to be in a relatively 
low export-promoting governmental pro- 
ductivity group compared to the other 
seven countries; the average. long-run 
governmental elasticity being 1.00 for the 

21 Of course, within the export sector, there may be 


significant shifting of resources out of one export to 
another as relative export prices change. 
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latter group and .31 for the formez. Almost 
one-half of the Indian budget was devoted 
on the average to military exp2nditures 
for the period and thus a low coeficient 
is not surprising. Although Egypt and 
Thailand were not colonies in the legal 
sense, their respective economies were as 
much subject to U.K. influence és that of 
India. Egypt had the slowest growth rate 
of real exports of all ten countries and her 
resources seem to have been increasingly 
focused on the required repayment of 
previous international loans rather than 
devoted toward development expendi- 
tures.” The Thai government was effec- 
tively constrained from controling and 
utilizing governmental expendi-ures for 
productive investments by U.K. financial 
control.” 

This result shows that the government 
must be included in explaining the devel- 
opment of a colonial export economy and 
that to ignore or omit this relationship 
would lead to a major error of misspeci- 
fication. These conclusions do nct depend 
upon the size of the coefficient of accumu- 
lated real government expenditures. The 
impact of these expenditures is equally 
important in explaining the low export 
growth of India which had the lowest 
coefficient as well as in explaining the high 
export growth of Ceylon and the Philip- 
pines which had the highest coeficients. 

Shifts in the demand schedvle facing 
the colony are measured by the coeff-cient 
of real income and domestic prices in the 
developed country. The average income 
elasticity of demand for colonia_ goods 1s 
.83 in the short run and 1.39 in the long 
run for those three countries in which 
X{_; appears. For all ten countries the 
average long-run income elasticity is 1.09 
which indicates the importance of income 
growth in the developed countries on ex- 


` 2 See Charles Issawi and A. E. Crouchley for further 
discussion. 
23 See James Ingram. 
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port growth in the colonial countries. The — 


average elasticity of substitution between 
home and colonial commodities in the de- 
veloped countries is .45 in the short run 
and, for the latter three countries, 1.33 in 
the long run. Examining these substitu- 
tion elasticities by colonial blocs suggests 
that those countries which were under 
direct or indirect United States influence 
had the highest substitution effects as 
compared to the United Kingdom bloc or 
to Japan (for the case of Taiwan). There 
was more internal substitution over the 
period within the United States (copper 
for Chile and cane sugar for Cuba and the 
Philippines) than for either the United 
Kingdom or Japan. The model would 
predict, then, that ceteris paribus, a fall 
in U.S. prices would shift its demand 
schedule for colonial goods to the left 
more than an equivalent fall in the prices 
of the United Kingdom or Japan. For 
this reason the world depression of the 
1930’s had a more dramatic effect on Chile, 
Cuba, and the Philippines compared to 
the other seven countries. In contrast, the 
real income effects of the United Kingdom 
and Japan were more important than their 
price levels in influencing real export ac- 
tivity in their trade dependent countries. 
The remaining variables in the supply 
and demand schedules are the dummy 
variables, which are specific to the eco- 
nomic history of the country such as the 
Impact of an imposed tariff, quota, re- 
striction scheme, or the influence of the 
First World War. The dummies all have 
the proper sign and are generally im- 
portant in magnitude. The depressing ef- 
fects of the restrictive trade policies pur- 
sued by the United States during the 
1930’s are measured by the dummies 
RESTR for Chile, and QUOTA for both 
Cuba and the Philippines. Since prices 
and real income were falling in the United 
States during the Great Depression, the 
imposition of these restrictions on trade 
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compounded tke difficulties experienced 
in these three countries as compared to 
countries tied to the United Kingdom or 
Japan. Interestingly enough, the trade 
restrictions put upon the Philippines were 
not as severe and came somewhat later in 
the depression years as compared to those 
for Cuba and Chile. This partial evidence 
suggests, at least for those countries linked 
to the United States, that legal colonialism 
as exemp:ified by the Philippines acted to 
mitigate the impact of United States 
policies during the 1930s. 

The results indicate that similar dummy 
variables used in different countries need 
not have the same sign. For example, the 
effects of World War I benefitted the sup- 
ply of real exports from Taiwan to Japan, 
whereas Nigerian trade suffered from the 
effects of the war because trade with Ger- 
many, on2 of its main export markets, was 
completely cut off and did not resume 
until 1922. 

In the :mport equation, the average co- 
efficient of real exports was .98, which 
indicates that, ceteris paribus, the growth 
of real exports in each colony did produce 
a corresponding demand for imported 
commodities. Moreover, this average co- 
efficient indicates that the colonies ran a 
nominal trade surplus over this historical 
period which agrees with their actual 
balance cf trade data. Jamaica was the 
only country with a coefficient greater 
than one, and Thailand's coefficient is the 
lowest of all ten countries. Both of these 
results aze consistent with their actual 
trade data which show Jamaica as the only 
country with a nominal trade deficit and 
Thailand with the relatively largest nom- 
inal tred2 surplus. Finally, the average 
import price elasticity of demand was 
—.42, thus once again revealing inelastic 
demand schedules but this time for im- 
ports of tne developed countries’ goods. 

The revenue equation shows that the 
average contribution of real exports to 
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nominal revenues was ‘slightly higher 
(59) than that of nominal imports (.52). 
However, the marginal contribution of 
real exports varies from a low of .230 in 
: Thailand to a high of 1.203 in Chile (where 
imports were not effectively taxed), while 
the marginal contribution of nominal im- 
ports varies from a low of .191 in Cuba to 
.626 in Jamaica. 

A measure of the total tax effort is the 
sum of the coefficients of X? and M in the 
revenue equation. The average sum for the 
ten countries is 1.01 which suggests a con- 
stant returns to scale revenue function. 
However, Thailand and Taiwan have an 
average sum of tax coefficients of .61. 
Compared to the other eight countries 
where the average sum is now 1.12, the 
colonial tax effort for these two countries 
was not strong enough. 

Some of the dummy variables in the 
revenue equation measure changes in the 
tax effort such as the imposition of an in- 
come tax on copper in Chile from 1926 to 
1938; the use of the new tariff schedule in 
Egypt from 1931 to 1938, in India from 
1931 to 1937, and in Thailand from 1927 
to 1938. The coefficients associated with 
these dummy variables indicate that for 
Chile and India the incremental revenues 
generated were large compared to those 
for Egypt and Thailand. Changes in ac- 
counting practices of the railroads are 
measured by the dummy NET in Ceylon, 
India, and Nigeria and the dummy RAIL 
in Jamaica. 

Examining the results of the expendi- 
_ ture equation, the average short-run rev- 
enue elasticity is .62 and the average 
elasticity associated with lagged expen- 
ditures is .38. For each of the ten countries, 
the resulting long-run revenue elasticity is 
very close to one. This value is consistent 
with the underlying data which indicate 
that each colonial government did indeed 
run a balanced budget in the long run. 
There is significant variation in the dis- 
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tribution between current and recurrent 
nominal expenditures for the ten countries. 
Chile, India, and Taiwan form one bloc 
where expenditures were financed almost 
entirely out of current revenues. For the 
other seven countries, recurrent expendi- 
tures were much more important. 


Hl. Concluding Comments 


A dynamic simulation of the model for 
each country for the full estimation period 
was performed to judge its performance in 
explaining the observed development pat- 
tern and to check the reliability of our es- 
timates. An examination of the simulation 
plots for each country revealed no sys- 
tematic divergences between the calcu- 
lated and observed values of each variable. 
For example, the dynamic simulations had 
an average standard error of .1052 for real 
exports. This average compares quite well 
with the average standard errors of .1078 
in the estimated supply equations and of 
.1035 in the estimated demand equations. 
As we have found, the historic pattern of 
export prices was very volatile due to rela- 
tively price inelastic and quite shiftable 
colonial supply and demand schedules. 
Thus a favorable test of the model is 
that the dynamic simulation of the export 
price for each country closely corresponded 
with the actual fluctuations of the export 
price, with .1458 as the average standard 
error. The simulation also indicated a 
check of the method of calculating ac- 
cumulated real government expenditures, 
for which the standard error was .0436 
and the average absolute residual for the 
last year was .0362. These dynamic sim- 
ulations provide the final empirical sup- 
port for the specification of the theoretical 
model and for the accuracy of the struc- 
tural estimates. 

We have found that there was a similar 
process of colonial development, as speci- 
fied by our structural model. This model 
has identified common internal and ex- 
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ternal forces which transformed colonial 
countries in a similar pattern during the 
period of our study. A major finding is the 
role of government expenditures in pro- 
moting the growth of colonial export 
supply. We have also verified the role of 
developed countries’ demand variables 
and trade policies, and we have measured 
how these external forces affected colonial 
export demand. Although this study de- 
scribed a similar development process, the 
results indicate significant differences in 
the coefficient estimates** which explain 
this common process. In fact, it is these 
very differences which explain why the 
same model works well in explaining the 
wide range of observed export and govern- 
ment growth rates. Thus, to understand 
the similar, but not identical, historical 
process of colonial development requires 
analyzing ¿he common circular structure of 
their trade and government sectors as well 
as recognizing the diversity within that 
structure. 


APPENDIX 
Econometric Method 


The estimation method used in this paper 
considers a set of K simultaneous equations 


(Ai) ¥r+¥i4+XB=U 


where there are K endogenous variables, Y; 
K lagged endogenous variables, Yı; and M 
exogenous variables, X. For T observations, 
then, F and Yı are TxK matrices, and X is 
a TxM matrix. T, A, and B are matrices of 
coefficients to be estimated with dimensions 
Kxk, KxK, and MxK, respectively. 

Assume the error matrix U follows a first- 
order autoregressive pattern 


(A.2) U=U.sR+E 


where Uis the matrix of U lagged, and U, 
U—ı and & are TxK matrices. Denoting ef 
as the column components of £, the following 
assumptions are made: 


* This conclusion was statistically verified using 
covariance analysis. 
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Ee} =o tel, 2,...,fF 
E(e)(et)=2 t=1,2,..., T, E positive 
definite 


Ee)(e)=0 t, r=1,2,..., T, ter 
pim TIXE= pim TIX; E=0 
plim TQ'Q exists as a fixed, nonsingu- 
lar matrix where O=(X, X1) 
R is a diagonal matrix with elements 
A <1, t=], 25 aay K 
(T-+4) has an inverse. 
The equations of the model are identified. 
Without any loss of generality, let the 
equation to be estimated be the equation 
for the first endogenous variable yı 


(A.3) i fae Yiyi + Fia + XBi +H ur 


where y, is a column vector of T observa- 
tions; F, is a Txk; matrix of observations on 
kı other included endogenous variables; Y1_, 
is a Txj matrix of observations on jı in- 
cluded lagged endogenous variables; X1 is a 
Txm, macrix on m included exogenous vari- 
ables; and ĝi, a1, and yı are vectors of coeffi- 
cients to be estimated. The Z7-component 
column vectors of error terms, “y, Ury and 
é1, satisfy 


(A.4) uy = pity, + ê 


where p is the first diagonal element of R. As 
the onlv lagged endogenous variables appear- 
ing in this paper’s theoretical model are 
lagged left-hand variables, equation (A.3) 
can be simplified to 


(A.5) y1 = Yiyi T Yii + Xb + w 
From (A 4) and (A.5), the equation to be 


estimatec is 

(A.6) Ni Piyiag = (Yı — P1 Yi a)y 
+ (Yi — pry) er 
+ (X: =< prX1_,) 81 
+ ei 


Outline of the Estimation Procedure 


The equation (A.6) can be consistently 
estimatec using the following limited infor- 
mation method. 

(i) Ins‘rumental Adjustment. Using a set 
of instrumental variables that include at 
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least Xı and Xıņ„ and are asymptotically 
uncorrelated with e1, instrumentally adjust 
Fi, Fi Yi. and yı and denote their pre- 
dicted values as, respectively, Ñi, Vi_,, Si, 
and fiy 

(il) Initial Consistent Estimation. Esti- 
mate equation (A.5) by ordinary least 
squares using Y: instead of VY; and fı in- 
stead of yı Denote the estimated coeffi- 
cients of this regression as 71, â, and ĝi. By 
the properties of instrumental variables, 
these estimates are consistent. A consistent 
estimate of the residuals %4 is given by 


(A.7) t = yı — Vidi — yâ — XÂ: 
A consistent estimator of pı is given by 
(A.8) Br = (fy h1) / (i hia) 


Thus A; is the estimated coefficient obtained 
by regressing # on i 

(iii) Lterative Procedure. For any consis- 
tent estimator f1 of pı, estimate (A.6) by or- 
dinary least squares using the instrumentally 
adjusted endogenous variables, 41_,, Fia, Îi, 
and fı, instead of yw, Yi, Yi_,, and y_,, re- 
spectively. The estimated coefficients of this 
regression are denoted by “1, ân and ĝi, and 
these estimates are consistent. Use these 
estimates to calculate successively #, and fi, 
using equations (A.7) and (A.8). Starting 
with the initial consistent estimates of (ii), 
continue this iterate procedure until the 
estimates converge. | 

(iv) Equation Statistics. A consistent esti- 
mator of e is 


(A.9) 


Calculate the standard error of the equation 
using 


(A.10) 


ĉi = ty — fihi 


$ = = VJ (861) /T IT 


The estimated variance-covariance matrix 
of the estimated coefficients is 


(A.11) Vé) = S(Z52,) 


where: j= [41, Âi, Bx] and A= [Pi i, 
ia —piY ia Xi—- fiX] 
Characteristics of the Estimation Procedure 


Consistency of the procedure relies on 
three facts. First, all the included prede- 
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termined variables appearing in equation 
(A.6), namely X; and X1_,, appear in tha list 
of instruments used in step (i). Second, the 
equation is assumed to be identifed. Third, 
the set of instrumental variables used are 
asymptotically uncorrelated with er. 

In this estimation procedure, tke lagged 
endogenous variables appearing m (A.6), 
Yio Yy and Yis are treated as en-logenous 
rather than exogenous. Recalling tke discus- 
sion by Franklin Fisher, the endogeneiiy of 
these lagged variables arises from the fact 
that they are correlated with the error term, 
e This argument is particularly applicable 
here because the lagged left-hand variable 
appears due to both a distributed lag process 
and an autoregressive process. If 71_,, y1_,, 
and yı_, are endogenous, then the estimation 
methods proposed by Ray Fair and Phoebus 
Dhrymes will yield inconsistent estimators 
since their methods treat lagged endogenous 
variables as exogenous. 

The instrumental adjustment was done 
using the structurally ordered instrumental 
variable method described by Fisher and by 
Bridger Mitchell and Fisher. In tie econo- 
metric model, structural ordering empha- 
sizes lagged exogenous variables rather than 
current exogenous variables in tke instru- 
mental adjustment of lagged emdlogenous 
variables, while still satisfying the consis- 
tency requirement of using Xi and Xy_, as 
instruments. First regress Yı, Yi Yı and 
Yı On instrument lists of differeat exoge- 
nous variables. Let V1, Fi Jiu and Ji be 
fitted values of these regressions. For con- 
sistent estimators, then instrumertally ad- 
just Vy, Fi, Yı and Yi using Vi, Fi, 
Fi-u Ji- Xi and Xi to obtain the predicted 
values Vi, Îi, fı. and fı, of the first step 
of the estimation procedure. 


Definitions of Developed Country 
Variables and Dummy Variables 


Developed Country Variables 


CAR= Motor vehicle factory sales, 
United States 

Py;p=GNP price deflator with 1934- 
36 = 100, Japan 

Poz = National income price deflator 
with 1913-14=100, United 
Kingdom 
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Pys=GNP price deflator with 1929 IN? RA = Nigeria, completion of infra- 


= 100, United States structure projects—railroad to 
Pos = Fisher import. price index with Northern Nigeria and port of 
1913= 100, United States Lazos—1917-38 
Pos=Import price index of crude ma- LIMIT = Ceylon, international restriction 
terials with 1913=100, United scheme on rubber exports, 1935- 
States 38 
Qux=Index of industrial production NET=Change from gross to net rail- 
excluding building, United King- way revenues in Ceylon, 1929- 
dom 38; India, 1906-36; Nigeria, 
Qys= Index of manufacturing output 1927-38 
with 1929=100, United States QUOTA = Cuba, U.S. import sugar quotas 
¥}p= Real GNP in millions of 1934-36 and tariffs, 1930-37; Philippines, 
yen, Japan U.S. import sugar quotas, 1935- 
Vix=Real net national income in 38 | 
millions of 1913-14 pounds, —RAIL= Jamaica, government takeover 
United Kingdom rai roads, 1900-38 
Yts=Real GNP in millions of 1929 RESTR= U.S. import tariffs and restric- 
dollars, United States tions in Chile, 1932-38; in 


Jamaica, 1932-38 
TARIFF = New tariff schedules in Egypt, 

1931-38; India, 1931-37 
FIXED= Thailand, tariffs fixed by the WORKS=Ceylon, expenditure includes 


Dummy Variables 


Bowring Treaty until 1926, and public works expenses, 1916-24 
thereafter increasing tariffs, WWI = Effects of World War I in Cey- 
1927-37 lon, 1915-18; Egypt, 1915-18; 

INCOME = Chile, income tax on copper pro- Nigeria, 1915-21; Taiwan, 1915— 
ducers, 1926-38 19 


APPENDIX TABLE 1-—Export SUPPLY Equation Estrmates® 


Country Constant In Pe InPm ARGE InX®, Dummy Variables R? p DW. SE. 


Ceylon —4.15 .303 —.144 .349 842 —.191 LIMIT .987 0 2.02 .069 
(—3.0) (8.6) (—1.5) (1.9) (6.1) (=2.9) l 

Chile 7.35 465 —.443 .572 — 525 RESTR 789 430 1.97 .195 
(4.0) (1.8) (—1.8) (6.5) = (10) 

Cuba 1.76 .222 —.342 .489 373 —.488 QUOTA 854 .0 2.25 .123 
(0.8) (1.0) (—1.2) (3.3) (4.8) (—3.0) 

Egypt 6.02 .267 —.454 316 146 WHT 542 .0 1.88 .111 
(6.8) (1.4) (—2.4) (4.9) (1.1) 

India 14.89 (422 —.286 .267 7154  .897 1.60 .077 
(4.6) (2.2) (—1.9) (2.1) 2 

Jamaica 4.10 .536 —.665 .606 — ,226 RESTR 709 .258 1.97 .148 
(2.5) (1.6 (=2.4) (6.4) (S45) 

Nigeria 1.76 142 —.233 .361 .495 .2681NFRA—.O81WWI .982 .0 2.04 .069 
(2.3) (1.3) (—2.2) (3.1) (2.8) (28) (~2.0) 

Philippines —.20 .268. —.220 921 —.173 QUOTA 965  .257 1.80 .110 
(—.2) (1.2) (—0.9) (20.7) (—2.0) 

Taiwan —2.01 363 —.482 .453 1626 108 WWI 982 —.243 2.11 .086 
(—.7) (1.6) (-2.1) (1.4) (3.1) (2.7) 

Thailand 2.52 .158 —.209 .361 918 .0 2.12 ..091 


(5.2) (0.7) (-—1.0) (16.7) 
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APPENDIX TABLE 2—-DEMAND EQUATION ESTIMATES” 
Developed Country’s 
Dummy 
Country Constant In Px Income Prices Ix X%1 Variable R p DW. S.E. 
Ceylon 9.89 —.441 .787InYbx .255ln CAR ~—.210LIMIT .985 .614 1.59 .075 
(4.7) (—5.3) (2.8) (15.) (~—2.7) 
Chile 7.514 —1.011 .532InQug .7591n PẸS .333 ~—.564RESTR .828 —.133 2.06 .176 
(2.7) (—4.3) (3.8) (3.9) (2.2) (2.7) 
Cuba 10.98 — .784 .647[nQus 1.154ln Pos — .3500U0TA  .883 .351 1.79 112 
(10.) (-4.1) (4.8) (4.0) (3.3) 
Egypt 3.52 — .228 .882in Yx .1691n Pur — 163 WWI 687 0 2.12 .092 
(3.8) (—3.5) (7.2) (2.2) (—3.2) 
India 18.05 — .214 .604ln Que  .151ln Pur 716 .752 1.93  .083 
C182): = isd): 1322) (1.0) 
Jamaica 10.04 — .451 1.03142 Qux  .236ln Puk —.121RESTR  .790 136 1.94 .126 
(14.) (-—2.3) (6.5) (1.3) (—1.4) 
Nigeria —.60 — .189 .617ln Yg .366in Pyg .735 —.097WWI 979 Q 2.09 .076 
(—.5) (—2.5) (2.3) (2.8) (7.8) (—2.3) 
Philippines 3.14 — .498 .424in Ys .601ln Pys .592 — .Q56QUOTA .976 —.216 2.04 .090 
(1.6) (-—2.4) (1.8) (2.3) (3.3) (—1.0) ` 
Taiwan 2.21 —1.095 1.650In Vip  .2871n Pyp A7IWWT 966 .802 2.07 .118 
(0.6) (—2.9) (4.8) (1.0) (1.8) 
Thailand —3.66 — .212 1.093ln Vix .736ln Pyg 899 251 1.87 .087 
(—2.0) (—2.0) (4.9) (8.2) 
APPENDIX TABLE 3—IMPORT DEMAND EQUATION EsTimMaTes* 
Country ln XER ln Pm ln Px Dummy Variable R? p D.W. S.E. 
Ceylon .983 —.36ő6 334 ~ 204WWT 946 .903 2.12 .080 
(135.) (—2.5) (2.6) (~3.1) 
Chile .979 — All 700 779 302 1.93 211 
(263 .) (—1.8). (3.6) 
Cuba 985 —,171 .363 801 745 1.84 .140 
(183.) (—0.5) (1.5) 
Egypt .986 — ,403 277 ~— 177WWI 837 127 2.30 174 
(103 .) (—1.1) (0.8) (—0.8) 
India . 979 — .450 405 815 .666 1.80 124 
(293.) (—1.6) (1.2) 
Jamaica 1.018 — . 581 -855 .869 .850 2.34 .152 
(102,) (—1.8) (2.3) 
Nigeria .994 — .941 -150 — 259W WTI 809 .720 2.02 .119 
(111.) (—5.4) (3.6) (—2.6) é 
Philippines .986 — ,024 .256 941 421 1.86 .129 
(377.) (—0.1) (1.3) 
Taiwan .975 — ,288 , 182 .967 504 1.52 .114 
(236.) (—1.1) (0.6) 
Thailand .928 — .548 416 .903 .822 2.12 .121 
(37.) (—1.7) 


(1.5) 
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Country Constant In XE nM Dummy Variables R? p D.W. S.E. 
Ceylon — 0.26 754 .192 — .037WORKS — .39F ET .973 -510 2.01 .088 
(—0.2) 60 (1.4) {—.6) —.5) 
Chile —4.77 1.203 1.3107/NCOME 964 412 2.00 .188 
(—1.8) (8.7) (11.) 
Cuba —3.06 .913 .191 .840 .612 1.85 .156 
(—0.D (3.3) (1.8) 
Egypt — 2.80 .636 611 .O032T A RIFF 945 .650 2.04 .116 
(—1.0 (2.7) (7.5) (1.3) 
India —1.83 278 813 .5647A RIFF — 332K ET .920 443 1.85 O91 
(~0.4) (1.2) (8.0) (7.8) (—.3.7) 
Jamaica -0,57 353 .627 AS52RAIZ 976 250 2.01 .068 
(—0.6) (4.4)  (16.) (3.8) 
Nigeria —6.85 . 889 „487 — ,262N ET .979 .441 1.80 .091 
(—5.7) (7.9) (6.5) (—3.1) 
Philippines —0.43 .388 .603 964 313 1.94 101 
(-0.5) (8.3) (7.4) 
Taiwan ' 5.01 314 357 .940 .411 2.20 „117 
(4.2) (1.8) (2.2) 
Thailand 1.70 230 325 02077 XED 94) .672 1.67 .062 
(2.0) 4.2) (4.1) (1.9) 
APPENDIX TABLE 5—-GOVERNMENT EXPENDITURES EQUATION ESTIMATES? 
‘Country In R ln Gi WORKS Re. p D.W. S.E. 
Céylon 505 496 029 .981 203 2.01 .076 
(3.7) (3.6) (1.1) 
Chile .951 .047 .982 428 1.70 .139 
(9.7) (0.5) 
Cuba 266 .741 .949 172 1.90 . 100 
(4.6) (13.) 
Egypt 556 443 .981 0 2.26 .065 
(4.7) (3.7) 
India 847 .153 .988 542 1.74 .037 
(8.6) (1.6) 
Jamaica .579 421 .986 209 1.95 .055 
(4.8) (3.5) 
Nigeria .400 604 .971 .296 2.13 „094 
(4.2) (6.3) 
Philippines 652 348 .986 389 1.95 .066 
(8.5) (4.5) 
Taiwan 851 146 .973 .332 2.07 .084 
(7.2) (1.2) 
Thailand 626 367 .960 526 2.16 .058 
(4.4) (2.5) 
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APPENDIX TABLE 4—GOVERNMENT REVENUE EQUATION ESTIMATES” 


a t-values in parentheses. 
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Heavy and Light Industry in 
Economic Development 


By Morris TEUBAL* 


Accepted doctrine regarding the choice 
between light (labor-intensive) industry 
and heavy (capital-intensive) industry in 
the early stages of industrialization reflects 
in part the conclusions of the neoclassical 
Factor Proportion Theorem and the 
Rybczynski Theorem.! According to these, 
in a small economy (i.e., one which has no 


the explicit introduction of an agricultural 
sector, 1 follow the standard Hecksher- 
Ohlin model in assuming free trade with no 
transport costs, two factors of production 
(labor and capital), constant returns 


_ (except in the primary sector), a given 


influence cn world prices) under free trade, | 


light industry must necessarily come into 
existence before heavy industry. 

This prescribed optimum industrializa- 
tion sequence is not necessarily in accor- 
dance with the experience of European in- 
dustrialization; Alexander Gerschenkron, 
in particular, has pointed out that there is 
a variety of industrialization patterns in- 
cluding instances of initial emphasis on 
heavy industry. Our purpose here is to 
present a model in which the optimum 
strategy may be initially based on either 
light or heavy industry, depending on the 
factor endowment, technology, and factor 
accumulation patterns of the country in- 
volved. It is hoped in this way to contrib- 
ute to a better understanding of the fac- 
tors which should be taken into account 
when devising desirable industrialization 
strategies for today’s developing coun- 
tries." 

The analysis is carried out in terms of a 
three-sectcr neoclassical model of an econ- 
omy which faces fixed, exogenously de- 
termined prices for all goods. Except for 


* Lecturer, department of economics, Eliezer Kaplan 
School of Economics and Social Sciences, Hebrew 
University. 

1 See, for example, R. W. Jones and T. M. Rybezynski. 

2 In what follows I draw on an earlier article published 
in 1971. 
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technolozy, and no externalities. Thus, it 
resembles the model presented in my 
previous paper except that the relative 
price of the primary good is determined 
exogencusly in world markets (small econ- 
omy assumption) instead of being de- 
termined by the quantity of exports 
(medium-sized economy assumption). 

The conclusions about dynamic com- 
parative advantage that emerge from the 
model are quite clear-cut despite the fact 
that an accumulation mechanism is not 
explicitly considered. In particular, heavy 
industry may be the optimum starting 
point fcr industrialization, as pointed out 
in my earlier paper. This possibility is 
greater the higher (lower) the initial 
capital stock (labor force), the higher 
(lower) the rate of capital accumulation 
(population growth) and, everything else 
equal, the higher the returns to scale in 
the primary sector (within the class of de- 
creasing returns to scale production func- 
tions) .* 


3 This guarantees the independence of the allocation 
decision from the saving or accumulation decision. In 
the previcus model this was not possible; there, an 
increase in investment is in part financed by an in- 
crease in exports of primary gcods, which reduces their 
relative price and induces resource reallocation. 

‘These results are an extension of those obtained 
previously. In that paper a ‘constant labor force was 
assumed a though an explicit, utility maximizing mech- 
anism cf accumulation was postulated. Some proofs 
relevant to both papers are given in the Appendix. 
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I 
Technology 


The technology of the three sectors is 
described in my 1971 paper. There are two 
augmentable factors of production—capi- 
tal and labor—and the production func- 
tions of the industrial sectors (B and C for 
light and heavy industry, respectively) are 
homogeneous of degree one, while that of 
the primary sector A, is of the decreasing 
returns to scale variety (because land is 
nonaugmentable and/or of declining fer- 
tility). Let Ki, Li, ki, Vi be the capital 
input, labor input, capital-labor ratio, and 
output of sector z, respectively. Then 


(1) Ya = E Ka La) = F° kaLa; La) 
(2) \F#(Ka, La) > Fe(AkaLa 2) for >1 
(3) ye = PUK, Li) = Lif:(k:) 


It is further assumed for the primary sec- 
tor that (i) any increase in scale (that is, 
and increase in La for constant ka) reduces 
the marginal product of both factors; (ii) 
the marginal product of one factor, say 
labor, increases to infinity as the scale ap- 
proaches zero; and (iii) factors are comple- 
mentary. Let F4(J=K, L) be the marginal 
product of factor J in agriculture and 
Fer, Fir, Px, the direct and cross second- 
order derivatives of the production func- 
tion in this sector. Then, assumptions 


(i)-(iii) imply 





d a a a S 
(4) TL (Fr) =kaj +F <0 (J=K, L) 
(5) lim FilkaLa, La) > © 
mri 


(6) Fre = F> 0 


Equation (4) defines a subclass of de- 
creasing returns to scale production func- 
tions, i.e., it is sufficient for condition (2) 
to hold. Equation (5) guarantees that for 
a positive world price of agricultural 
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goods, agricultural~output is necessarily 
positive.’ Finally assume &, >k,> ka. 


Maximization 


Let Y, K, L be national income at world 
prices in terms of heavy-industry goods, 
total capital, and total labor, respectively. 
At any moment of time, the objective is an 
allocation of (K, L) which maximizes Y, 
i.e., 

max F = p,F*(Ka, La) 

(Kili) 


+ [0F*(Ka, Ly) + F*(K., L.) ] 


subject to Ky} K= K— K.a anid Li+ Le 
= L— La, where pa, q are the world prices 
of agricultural and light-industry goods in 
terms of heavy-industry goods. 

The first-order conditions for a maxi- 
mum under the assumption that all three 
goods are being produced in positive quan- 
tities, i.e., that the economy is ir the non- 
specialization phase, can be grouped as 
follows: 


i. Marginal productivity conditicns of the 
industrial sectors 
ake 


(7) "D 
13K, a OK, > 


G gone 
) F ae 


li. Marginal productivity conditions of the 
agricultural sector 


(9) boF'x(Ka, La) = 1 


(10) baF (Ka, La) = w 


ii. Resource constraints 
(11) ky La -+ Rede ony K = Ka 
(12) ie ay eae ee 


’ Assumption (ii) or equation (5) is suffizient but not 
necessary for the purpose of the paper. Tle facr that it 
guarantees a positive output of agric.ltural goods 
simplifies the exposition without affecting qualitatively 
the results on the optimum strategy in the early stages 
of industrialization. See fn. 12 below. 


590 l THE AMERICAN ECONOMIC KEVIEW 


In addition, we have the nonnegative re- 
sirichon on sectoral] capital and labor 
allocations (K, L;>0). 


H 


General Equilibrium under 
Nonspecialization’ 


To understand the structure of factor 
allocation under nonspecialization, it is 
useful to distinguish between the capital- 
labor ratic of the economy, k, and the 
aggregate capital-labor ratio of the in- 
dustrial sectors, k’. Let the difference be- 
tween the capital (labor) endowment and 
the quantity demanded by the primary 
sector under nonspecialization be Sx(Sz) 
(i.e., “surplus” capital (labor)). Then 


Se RL=K, 
(13) k = SS [ħi 
Sr L are La 


In this expression, K, and £, will be con- 
stants. This is because together with 
k(i=b, c), and ê, ® they are determined 
by marginal productivity conditions (7) 
(8), (9)-(10), and they are thus inde- 
pendent of factor endowments and de- 
pend only on prices and technology which 
are assumed given. Thus we put É. 
Kalpa, 9) and La=La(pa, 9)." 

The allocation of surplus factors to the 
industrial sectors will now be determined 
as is usual in two sector models, with k’ 
replacing k. Let us write k;(q) for (i= 6, c) 
and k’(k, L) for k’. Then resource con- 
straints (11)—(12) imply the following con- 
dition for nonspecialization, i.e., for Ly, 
L.>0 (provided Sx and Sz are both posi- 
tive): 


(14) ke(q) > k'(k, L) > kaq) 
Condition (14) states that a necessary and 


6 The circumflex identifies the variables of this phase 
of specialization. 

7™Thus the output of the primary sector and the 
production techniques of all sectors are constant under 
nonspecialization. 


SEPTEMBER 1973 


sufficient condition for a positive output of 
both industrial goods is for the aggregate 
industria. capital-labor ratio to lie between 
the capital-labor ratics of the heavy- 
industry and light-industry sector. The 
Sg=0 ard S,;=0 schedules are drawn in 
Figure 1; they intersect at E[L.(p., 9), 
hal pa, Q= Kal fa; 7)/La(pe, q) |. The area of 
(k, L) where Sx, S_,>0 is the area to the 
right of Sx=0 which lies above S,=0. 
The &.(¢)=h'(k, L) schedule (which cor- 
responds to £,=0) and the &,(¢)=k(k, L) 
schedule (which corresponds to £,=0) 
are also drawn. Both intersect at # and are 
upward s_oping since, from (13) 


ðk’ i. 

semen HE inns 0 (for S;>0) 
Ok L— Lal De, q) 

ðk’ 2; Lal fa; q) 


Mamana Senge A 


op aa e 


Conditior (14) holds in the shaded area 
which lies between these two schedules, 
and this will therefore be the nonspecial- 
ization region. The next step is to de- 
termine the regions in (k, L) where only 
one Industrial good should be produced in 
addition zo the primary good—industrial 
specializaction—and where no industrial 
good shauld be produced—agricultural 
specialization. We start with industrial 
specialization in, say, light industry. A 
necessary condition for this pattern to be 
optimum is fcr the marginal productivity 
conditions (holding with equality) of the 
light-industry and agricultural sectors to 
be consist2nt with the resource constraints 
for Ly >, L.=0 {we already know that La 
must always be positive). This is feaszbzl- 
ity, a nec2ssary condition for optimality. 
Optimaliiy of light-industry specialization 
in addition requires the shadow prices of 


8 Thus an increase in the size of the economy (i.e., a 
proportional increase in both capital and labor) will 
increase the share of light industry in total industrial 
output, This effec: is similar tc the effect of “growth 
acceleration” in my earlier article. 
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La(Pa.q) 


KalPa: Q) 


FIGURE Í 


capital and labor in this phase of special- 
ization to be equal to or greater than the 
marginal product of capital and labor in 
the nonproducing (heavy-industry) sector 
(at least one of these conditions must hold 
with strict inequality). 


Feasibility of Light-Industry 
Specialization? 


From marginal conditions (7), (8), (9), 
and (10) we obtain an implicit relation- 
ship between the sectoral capital-labor 
ratios in this phase, Å; and primary-sector 
labor L,: 


(15) ki = ki(La) (i = a, b) 


It follows from differentiation of the above 
marginal conditions that &(L;) <0, i.e. 
that the marginal conditions for light in- 
dustry and agriculture imply an increase 


°? The variables of this phase of specialization are 
barred. 





in primary-sector labor to be accompanied 
by a reduction in the capital-labor ratios 
of both sectors.!® This is shown in Figure 
2A. 

To obtain the actual labor allocations 
we introduce (15) into resource constraints 
(11) and (12) for L.=0: 


La hy (La) E k 
(16) Se 
L ky( La) Ez kal La) 


This equation determines the actual labor 
allocation to the primary sector as a func- 
tion of (k, L). We will denote it by 
La(k, L). Introducing this value into (15), 
we obtain the sectoral capital-labor ratios. 

Feasibility of light-industry specializa- 


10 The actual expression for Åa(La) is: 
d g. d a. 
-= (Fr) +- (Fr) 
` ka dla dLa 
ka (Lo) = Eee aa <0 
hFrx + FKL 
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Lyla 





FIGURE 2A 


. tion means 
(17) La(k, L) < L. 


We will show that a necessary and suff- 
cient condition is k>&(L). Suppose that 
k=ko<ka(L). It is clear in this case from 
Figure 2A that La/L (the left-hand side 
of (16)) less than unity implies that the 
right-hanc side of (16)—-which we will 
denote by ġ—is greater than unity. Thus, 
light-industry specialization is not feasible 
when <#,(L). On the other hand, when 
k>k,(L) there will necessarily be a solu- 
tion to (16) which satisfies (17). To show 
this we represent both Z,/Z and ¢ as func- 
tions of Z, in Figure 2B. At the level of 
La which makes &,(L.) equal to the capi- 
tal-labor ratio of the economy, say kı, we 
have @=0. On the other hand, when 
ki=kel(iia) we have ġ= 1. At intermediate 
levels of Le, œ will necessarily be a declin- 
ing function of La. 

The figure shows clearly that when 


em S my 
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EN OE ihe i a te a 
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; = 
A z 
: 

ond, Utat ht ee ai ate ee a re aa et 


FicurE 2B 


k= k> k (L), thed and La/L schedules in- 
tersect at a level Z.(k, L)>L (point X). 
On the other hand, there is no such solution 
when k=ky)<k.(L). Thus in the (k, L) 
space, light-industry specialization is 
feasible et and only at points above and to 
the right of the $a“ L) schedule. 

Similarly for feasibility of heavy-indus- 
try specialization. We obtain a &,(L.) 
schedule from the marginal productivity 
conditions of the agricultural and heavy- 
industry sectors. Then feasibility of this 
pattern of specialization implies k>#,(L). 
Will the £.(Z) and &,(L) schedules inter- 
sect? The answer is yes and precisely at 
point Æ. This is so because the marginal 
productivity conditions of all three sectors 
hold for La= L, Ly=L,=0 at both E and 
at the intersection of ka(La) and k.(L). 
Moreover, as we have seen, this can only 
hold at one point. In addition, since 
ke>ky, it is easily shown that #(Z) 


1 The tille identities the variables of this phase. 
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Wick) 


FIGURE 3 


<ki(L) <0. Hence, the #(L) and ŠL) 
schedules look as in Figure 3. 


Optimality of Industrial Specialization 


There are five regions in the (k, L) space: 
A, Bı, Bz, Ci, and C; apart from the non- 
specialization region (see Figure 3). We 
have to find the optimum specialization 
patterns in each of them. 


PROPOSITION 1: Agricultural special- 
ization 1s optimum if, and only if, the econ- 
omy lies in A. 


PROOF: 


If the economy is in A the only feasible 
pattern of specialization is agricultural 
specialization. Hence this is also the op- 
timum pattern. In the Appendix we prove 
that agricultural specialization is not op- 
timum at any point outside A (though, it 
is, of course, feasible). 


PROPOSITION 2: Light-industry special- 
ization is optimum in Bı and B: and heavy- 
industry specialization is optimum in Cy 
and Co. 


PROOF: 


In B, the only feasible patterns are agri- 
cultural specialization and light-industry. 
specialization. From Proposition 1, agri- 
cultural specialization’ is not optimum. 
This leaves light-industry specialization 
as the optimum pattern. Similarly, in Ci 
the optimum is heavy-industry specializa- 
tion. In addition there are a priori indica- 
tions that light-industry specializaticn is 
optimum in B, and heavy-industry special- 
ization in Cz. This is so because in Bz re- 
source constraints imply £,<0 while in Cz ` 
they imply £, <0. A rigorous proof is given 
in the Appendix. 

The optimum patterns of specialization 
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in the (L, K) space are shown in Figure 
3,12 


Ill 


The main resource-allocation implica- 
tion of the model is that there is a mini- 
mum capital-labor ratio for heavy indus- 
try and a minimum scale (or labor force) 
for light industry. These are kalfa, q) and 
Lalpa, q), respectively, the capital-labor 
ratio of and the labor allocation to agricul- 
ture under nonspecialization. 

The minimum capital-labor ratio re- 
quired for heavy industry is likely to 
diminish when the returns to scale of the 
primary sector increase. Thus, when no 
agriculture is possible, an extreme case 
where there are no natural resources at all, 
this three-sector model with agriculture 
reduces to the standard two-sector model 
where kelg) > kalpa, q) is the minimum 
capital-intensity level for the development 
of heavy industry. Moreover, if we con- 
sider the class of agricultural production 
functions which are homogeneous of de- 
gree less than one, ya=Lifal(ka)(O>r>1). 
We find, after substituting into the agricul- 
tural marginal productivity conditions, 
that | 


dka ay 
(fa, 9) pm 
dr 


d Leal pa, 
(Pa; 9) T 
dr 


3 


That is, an increase in the degree of homo- 
12 When (5) does not hold, i.e., if 


(5^) 0< lim Fi(haLa Lì) =M < œ 
ka>0 


it may be optimal—for some factor endowments—to 
produce industrial goods only, provided the scale of the 
economy is sufficiently high. In such a case, regions in 
which there is no agriculture would also have to be 
described in Figure 3. However, the neoclassical tech- 
nology will always ensure that between the region of 
agricultural specialization and the region with no agri- 
culture, we will always have some region with both 
industry and agriculture. Hence, the same alternative 
transistions between agriculture and industry which are 
implicit in Figure 3 (and which are discussed in the 
next section) also hold when (5’) holds. 
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geneity of the agricultural production 
functicr. reduces the minimum capital- 
labor ratio required for the establishment 
of heavy industry (and increases the mini- 
mum scale required for the establishment 
of light industry). 

The minimum scale required for light 
industry is part of a general differential 
scale efect favorable to this sector and 
relatively unfavorable to heavy industry. 
This is clearly shown within the non- 
specialization sector. It is also reflected in 
the possible shifts from one phase to an- 
other induced by changes in scale. Con- 
sider, for example, an economy with 
kalpa, T <k <klq). At a relatively small 
scale, this economy should be in the phase 
of heavy-industry specialization. At a 
somewnat larger scale it shifts to non- 
specialization and at a still larger scale to 
light-industry specialization. 


PROPOSITION 3: For the class of factor 
accumul2ziton paths where population growth 
is associated with capital deepening, in- 
dustriatzation should start with light (heavy) 
industry if the minimum scale required for 
the development of light industry is attained 
before the minimum capital-labor ratio re- 
quired jor the development of heavy indusiry 
(if the minimum capttal-labor ratio for the 


_ developrent of heavy indusiry is attained 


before tke minimum scale for the develop- 
ment of ight industry). 


The proof can be seen by observing 
paths L=y,(k) and L=y,(k) of Figure 3. 
This and the previous discussion imply: 


PROPOSITION 4: The possibility of de- 
veloping heavy industry in the early stages of 
industrialization is greater (a) the greater 
the rate of capitai accumulation relative to 
the rate of population growth; (b) the greater 
the initial capital stock and the lower the 
initial abor force; and (c) the greater 
(other taings equal) the efficiency of the 
agricutitzral sector. 
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The commonly held view that an op- 
timum industrialization strategy must 
necessarily start with the development of 
light industries is seriously put to question. 
This and my 1971 paper show that it is 
theoretically possible, both for a small 
economy and for a medium-sized one, for 
the optimum strategy to involve the de- 
velopment of heavy industry in the initial 
stages of industrialization. However, with- 
out knowledge of the orders of magnitude 
of the parameters of the model we cannot 
say at this stage whether this possibility 
is or is not a realistic one for today’s de- 
veloping countries. 

The crucial condition for this variety of 
industrialization strategies seems to be the 
existence of at least one sector with non- 
constant returns to scale. It is interesting 
that this need not be an industrial sector. 
Moreover, the results obtained do not de- 
pend on assumptions about the nature of 
the agricultural production function (in 
addition of decreasing returns to scale) or 
on the assumption of perfect intersectoral 
mobility of capital, or on differential ex- 
ternal effects. Finally, the optimality of 
developing heavy industries at the early 
stages of industrialization does not hinge 
on the assumption of a closed (or semi- 
closed) economy but is, under certain cir- 
cumstances, derived from the principle of 
comparative costs itself. 


APPENDIX 


PROPOSITION (1’): Agricultural special- 
ization is never optimum at points outside 
region A. 


PROOF: 


We have to prove that at least one op- 
timality condition for agricultural special- 


3 Under agricultural specialization the variables will 


Q © 
be capped by °. Thus, ka= k and La™= L. When the vari- 
ables corresponding to a particular point in (k, L) are 
referred to, a superscript with the letter denoting the 
point will be added, 
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ization is violated at points to tha left of 
E and above &£,(L) and to the right of E 
and above &,(L). Take point Z of Figure 3. 
We first show that conditions (1) and (2) 
cannot hold simultaneously. 

OF 


1) w= pFi(kRL,L) =o—(*& 
(1) w = pafl ) T 


Oz a Ed 2 oF 8 
(2) 7 = þaFg(kL, L) 2 1E (2) 


Suppose (2) holds. We then prove that (1) 
cannot hold. Consider point 2’ cn &,(L) 
just below Z, i.e., k” = kt; L” <L*, Then, 


ie) (>) Qo Qo 
(3) re > #*; we > w 


since reductions in scale increase the 
marginal products of both. capital and 
labor in agriculture. Moreover, as Z’ lies 
on ka(L) we have (for L,=0) 


oz’ F? (kL? L’) oF? (3) 
= a feanen omamne E . 
E RR ry os 


This relation together with (3) and (2) 
(which we assumed holds) implies 


= (kh) > ied (Fs) and hence k > hy 
—— —— an ence 2 
3 K, b 3 K, b t ò 


Therefore 
OF? (E) > oF (ki) oZ 
— —— == W 
a aaa) 


which, given (3), violates (1). Similarly, it 
can easily be proved that when (2) holds, 
(2) cannot hold. 


PROPOSITION (2’): In C, the optimum 
phase is heavy-industry specialization while 
in Bo the optimum ts light-industr} special- 
tzation. 


PROOF: 


We show that at points in C; the follow- 
ing optimality conditions for light-industry 


’ specialization cannot hold simultaneously: 
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(4) | = (ka) > = (ke) 
OK, a3 
af? 

(5) =q IL (ke) > — O 


We start by assuming that (4) holds 
with equality in C2, thus defining for each 
point a particular value of & which we 
call &., 


4). Fe T (h) = a 
q b aK, e 





We now show that given (4°), (5) cannot 
hold in Cy. Note that the C, region is 
bounded by the (L) and kda) =kK 
schedules. Along £,(Z) (to the right of E) 
the optimum policy is heavy-industry 
specialization, which, given (4’), implies 
violation of (5). Along &.(g)=’, on the 
other nand, the optimum also involves 
heavy-industry specialization, although it 
is a border case where (5) holds with equal- 
ity. Therefore, for (5) to hold with strict 
inequality at some point in C; given (4’), 
it must hold with equality at some other 
point in C., since all the functions in (5) 
are continuous. But, given (4’), (5) can 
only hold with equality in the non- 
specialization region, since in any other 


region, 
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the nonnegativity restrictions 
would ke violated. Therefore, given (4’), 
equation (5) cannot hold in Cx, i.e., 


(6) w= g (h) < E E 


Suppose now that (4) holds with strict 
inequality. Then k.> k. and 


oe 
ar, 





o) 


Together with (6), this violates (5). We 
conclude that heavy-industry specializa- 
tion is optimum in Cz. An analogous analy- 


sis would prove that light-industry special- 


ization is optimum in region By. 
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The Informational Efficiency of 
= Monetary Exchange 


By Josera M. Ostroy* 


The gains from exchange may be ex- 
tended if individuals are not required at 
each trade to balance the value of pur- 
chases and sales. But self-interest, the 
motive force of trade, does not move in- 
dividuals to realize these gains. Suppose 
that X has an excess demand for ten 
apples and an excess supply of ten or- 
anges. It may be efficient for X to receive 
the ten apples from Y, who has an excess 
supply, and later give his ten oranges to 
Z, who has an excess demand. In the actual 
execution, what is to prevent X from 
asking for eleven apples from Y, justify- 
ing his claim by saying he will supply an 
equal number of oranges, or give up only 
nine oranges to Z, saying that he took only 
nine apples? The purpose of this paper is 
to show that the essential property of 
money is to discourage the making of such 
inconsistent claims without also discourag- 
ing efficient patterns of trade. 

This is “old stuff”; but it cannot be in- 
corporated into the standard theory of 
value.’ To illustrate, consider a paradox 
contained in Robert Clower’s (1967) 
proposal to introduce money into the 
standard theory. His suggestion was to 
add to the existing budget constraint the 

* Assistant professor of economics, University of 
California, Los Angeles. I have benefited from discus- 
sions with Ronald Britto, Jack Hirschleifer, Ben Klein, 
Axel Leijonhufvud, Louis Makowski, Richard Sweeney, 
Earl Thompson, and Joseph Wharton. Bryan Ellickson, 
Peter Howitt, and Ross Starr made many improvements 
in the formulation and presentation. My introduction 
to the topic came through the research of Robert 
Clower whose continued advice and encouragement were 
invaluable. 

1 By this phrase I mean the model of general equilib- 
rium first proposed by Walras and recast into its 


definitive mathematical form by such contributors as 
Arrow and Debreu. 


injunction that current purchases be 
financed by sale of money only, not by 
current supplies of other commodities. 
This modification contradicts the belief 
that the introduction of money improves 
the allocation of resources. Because it is an 
additional constraint, it is at best not 
binding; and if binding, it will narrow the 
set of permissible exchanges compared to 
its barter counterpart. Clower’s constraint 
makes no sense in the Walrasian model of 
exchange, but for a perfectly sensible rea- 
son. It does no good to append what is a 
trading constraint to a model which ignores 
trade. 

In the standard theory, equilibrium is 
said to exist when (W) the sum of individ- 
ual excess demands is zero for each com- 
modity. What (W) defines is a Walrasian 
equilibrium of prices. Nevertheless, from 
the individuals’ points of view, they are in 
disequilibrium as long as we do not have 
(A) all individual excess demands are zero 
for each commodity. 

Should the economy reach the state de- 
fined by (JW), will it then go to (A)? Inter- 
pretations of the standard theory say that 
the Walrasian auctioneer, after announc- 
ing equilibrium prices, expedites demands 
and supplies. If there is one theme which 
distinguishes the present treatment from 
the standard theory, itis that exchange isa 
do-it-yourself affair. Individuals will not 
exchange with “the market”; they will 
exchange with each other. This elementary 
logistical consideration is the basis upon 


` which I shall construct an argument for 
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monetary exchange.” 


2 Recently, formal notice has been taken of the fact 
that the valuable exchange services rendered by the 


— 
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I. Summary 


I shall assume that trade occurs between 
pairs of individuals so that the advantages 
of multilateral exchange must be obtained 
through a sequence of bilateral trades. 
During a unit interval of time, an individ- 
ual meets with only one other so that 
during the interval an individual’s trades 
are limited by his own and his trading 
partner's current endowments. When one 
pair meets, other pairs are also making 
contact, so that exchange occurs as a 
sequence of simultaneous bilateral trades.’ 

In the comparison of money and barter 
trading arrangements, no explicit account 
is taken of the physical or psychic costs of 
exchange. The single criterion is the num- 
ber of periods it takes to accomplish the 
task of going from (W) to (A). Any de- 
crease in the number is good and any in- 
crease is bad. Obviously a crude picture of 
the costs of exchange, it may be tolerated 


auctioneer are costly to provide. Much of the motivation 
for these studies has been a desire to fit monetary 
exchange into the standard theory. We may learn from 
some of them that costly exchange can be introduced 
without giving up the assumption that exchange is 
coordinated by a central agency—an auctioneer who 
charges for his services. See Frank Hahn (1971), 
Mordecai Kurz, Jiirg Niehans (1971), K. C. Sontheimer 
and N. Wallace. According to the present treatment, 
however, it is only when the exchange process is de- 
centralized that the role of money can be understood. 
See Clower (1971). We may learn from Niehans (1969) 
that even when exchange is restricted to pairs it need 
not be completely decentralized. The selection of a least 
cost bilateral trading network can be made by a central 
planner who solves.a complicated programming prob- 
lem. A similar difficulty occurs in Starr (1970) where 
individuals choose optimal sets of bilateral transactions 
but require a central agency to hook them together. 
Roy Radner and Karl Brunner and Allan Meltzer have 
approached monetary exchange as a reflection of im- 
perfect information. Radner has suggested that money 
might arise from the unpredictability of future spot 
prices and Brunner and Meltzer have indicated that 
money arises because of the need for a commonly 
recognizable asset. I shall discuss these points in Section 
IV. The present treatment is related to the work of 
Hicks, Starr (1972), and E. C. H. Veendorp. 

è It is this simultaneity—while one pair is exchanging 
other pairs zre not standing still—which contributes to 
the informationa] demands on trade. 
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because the cbject is only an exposition of 
the role of money, not a general theory of 
trade.‘ 

In the analysis of the problem of going 
from (W) to (4), I shall focus on the 
following three properties of trading se- 
quences: (i) their technical feasibility, 
(ii) their informational feasibility, and 
(iii) theiz equilibrium properties, or what 
might be caled their “behavioral feasibil- 
ity.” Properzy (i) defines the restrictions 
on a sequence of exchanges imposed by the 
fact that trade occurs between pairs. 
Property (ii) requires (i) and the restric- 
tion that a pair cannot base its trading 
decision on information available only to 
other pairs. For example, a pair cannot 
make its decisions depend on the full de- 
tails of excess demands among all other 
pairs. Property (iii) requires (ii) and the 
restriction that each individual have no in- 
centive to depart from the sequence. In a 
barter economy, if trades leading from 
(W) to (A) do not satisfy bilateral balance 
(BB)—vrher2 the value of purchases and 
sales ar2 equated at each bilateral en- 
counter—those trades will not form an 
equilibrium sequence. 

We shall see that those trades which are 
technically and/or informationally feasible 
and which also minimize the number of 
periods :n going from (W) to (A) will not 
satisfy BB. Imposition of BB does not pre- 
clude equilibrium in the sense of (A); it 
only means that it will take longer. But 
this time is not well spent because there 
is no technical or informational constraint 
underlying it. Additional time is required 
because individuals do not feel constrained 
to balance their budgets over a sequence of 
trades if they are not so compelled at each 


4 It would have been possible to formulate a model in 
which the costs cf exchange varied with the amounts of 
commodities and the number of individuals with whom 
one traded per unit time. Ignoring the resulting com- 
plexities, the outcome must concede that not everyone 
exchanges everything at once if it is to gain insight into 
monetary exchenge, 
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trade. Any device which would encourage 
such constraint could be substituted for 
the added time. Money is such a device. 

I shall assume throughout that individ- 
uals know equilibrium ‘exchange rates. 
Because we are accustomed to thinking of 
equilibrium in the sense of (W), this 
assumption may appear to be disquietingly 
strong. In general, it is; but not for the 
purposes of understanding monetary ex- 
change. The line of reasoning adopted here 
permits me to assert that if we cannot find 
a role for money when equilibrium prices 
are known, we shall not find one when 
they are unknown. There can hardly be a 
speculative demand for the medium of 
exchange without a transactions demand 
and this transactions demand does not 
depend on price uncertainty. 


I. A Model of a Trading Economy 


There are three components of the 
model: (i) the set of possible tastes and en- 
dowments and their corresponding com- 
petitive equilibrium allocations; (ii) the 
logistical description of the trading ar- 
rangement; and (iii) the pattern of informa- 
tion describing what individuals know and 
do not know at each trading opportunity. 


A Family of Exchange Economies 


Individual z is initially endowed with a 
nonnegative quantity wi. of commodity 
c=1,..., m. The complete list of his 
initial endowments is the m-vector w; 
=(Wia,..., Wim). If 7, whose tastes are 
represented by w,(-), were asked to ex- 
change his initial endowment for any other 
(m-vector) x; satisfying the constraint 
p-x:=p-w;, where p=(pi,..., Pm) is the 
vector of prices, let his answer be the bun- 


dle ai= (ta, . . . , Qim), Qie 20, c= 1, ee sm 
and 
(1) u;(a;) = max u:(xi), 


pra; = px, = pews 


5 p-wi=Z-P-Wie is the dot product of p and wy. 
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At prices p, let ¿ be described by the 
pair of vectors (a, w,;) and let the collec- 
tion of individuals s=1,..., 2 be de- 
scribed by the pair of matrices (A, W), 
where a; and w; are the ith rows of the 
nxm matrices A and W, respectively. The 
pair (A, W) forms a competitive equi- 
librium (CE) if the aggregate demand for 
each commodity is equal to the aggregate 


supply, 
(2) 2 die = pe Wie, 


The matrix A ts the CE allocation for the 
CE price vector » and matrix of initial 
endowments W. The problem of going 
from equilibrium in the sense of (W) to 
equilibrium: in the sense of (A) is now re- 
duced to the problem of going from the 
matrix W to the matrix A. 

I shall deal only with oio of in- 
dividuals described by nonnegative matrices 
(A, W) satisfying | 


c=1i,...,m™ 


(3) n= mM 


and 
(4) > üi oe >) dic = >, Wie = >, Wie = 1 
4 č i c 


The set of all such pairs of nxn matrices 
whose row and column sums are unity, 
call u. If (4) is to satisfy (1) for every 
member of U, any p=(r, r , 7), r>0, 
must be a CE price vector. This will mean 
that if ¿ knows he is in an economy belong- 
ing to U, he knows equilibrium exchange 
rates, 

In the space of all possible economies, 
the set U occupies only a small corner. I 
choose to deal with it because u exhibits 
the salient features of the general case. 
The assumption in (3) that the number of 
commodities is equal to the number of in- 
dividuals is, strictly speaking, not essential 
to our results and can be shown to followa 
fortiori if m>n. However, the trading ar- 
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rangement I shall postulate allows each in- 
dividual’s trading opportunities to increase 
with the size of the population so that as 
n/m increases the logistical problems of 
exchange Cisappear. 

The assumption that individual endow- 
ments are of the same size (>.,w,.=1, 
t=1,...,) is significant only insofar as 
it makes clear that there is no individual 
whose initial endowment is, for ail 
(A, W)€u, large enough for him to act 
as a central distributor supplying everyone 
else’s excess demands.® The set U exhibits 
a similar feature with respect to the in- 
sufficiency of endowments to permit a 
medium of exchange. 

About the origin and use of money, 
Adam Smith said: 


In order to avoid the inconvenience 
of such situations, every prudent man in 
every period of society, after the first 
establishment of the division of labour, 
must naturally have endeavoured to 
manage his affairs in such a manner, as 

_ to have at all times by him besides the 
peculiar produce of his own industry, a 
certain quantity of some one commodity 
or other, such as he imagined few people 
would be likely to refuse in exchange for 
the produce of their industry. [p. 22] 


The purpose of this paper is to isolate the 
function of a medium of exchange and I 
shall proceed by analyzing the difficulties 
when one does not have “a certain quan- 
tity of some one commodity.” There is no 
commodity whose initial value is, for ail 
(A, W) Cu, a significant fraction of the 
value of each individual’s planned pur- 
chases.’ This will allow me to bring out 
more clearly that the essential feature of 
monetary exchange has its origin in the 


8 For example, individual 7 could be a central dis- 
tributor for (A, W) if wp>8, c=1,..., m, and if 
max | @ie—wie] over all c and i=j. were less than ô/n. 

7 For example, commodity d could be used as a 
medium of exchange for (A, W) if wia>8,i=1,..., 7, 
ru if max |@:e—wie| over all i and cxd were less than 
jm., 
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trading arrangement and not in the nature 
of the money commodity.’ 

- The first result, which serves as an in- 
troducticn to the problem, is 


PROPOSITION 1: For almost all (A, W)C, 
if the colection of n individuals is divided 
into anv iwo groups consisting of k and 
n—k individuals, 1<k<n—1, who cannot 
trade witk each other, the CE allocation can- 
not be olizned.® 


If n>2, there is little hope of finding a 
double coincidence of wants. In fact, 
everyone will have to depend on everyone 
else if the CE allocation is to be realized. 


How Traders Meei 


I shall assume that the sequence of pair- 
wise meetings is parametric rather than a 
subject for choice. From his point of view, 
each individual seems to collide every so 
often with someone else. 

Let r= {7t}, t=1,...,7r bea sequence 
of permu ations of the integerst=1,...,” 
such thet for allz and t, 


(S) w(t) =] 
if and only if t(j) =2 


The permutation +t determines who meets 
whom at t; i.e., r*(¢)=7 means 7 andj are 
trading partners at t. The final period, 
after which all trading ceases, is t=r. 

Let {W*}, t=1,..., 7+1, 7 be a se- 
quence of matrices with nonnegative ele- 
ments waere Wt=(wt,.) is the matrix of 
endowments at the beginning of t. Suppose 
m= {xt} describes the sequence of meet- 
ings; then {Wt} is technically feasible for 
r, if for zll ¿ and t and w(t) =7, 


t+1 t+1 t t 
(6) Wi + Wy = Wy “+ Wy 


8 These qualifications as well as their consequences 
are more fully discussed in Ostroy and Starr. 

? PROOF: Suppose the contrary; then it would re- 
quire that for some subset, T, consisting of fewer than 
individuals, Zier(ai—ws) =0. This defines a less than 
full dimensianal class of economies in U. 
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This says that an individual can add to his 
current endowment only by subtracting 
from the current endowment of his current 
trading partner and that commodity totals 
are not changed in the process of trade, 
just redistributed. 

If the sequence {W*} also satisfies 
(7) p(w 
for all ¿ and t, where # is the CE price vec- 
tor, then bilateral balance (BB) obtains. At 
every bilateral encounter, the value of 
what is given up is equal to the value of 
what is received. Clearly, BB restricts the 
set of trades beyond the demands of tech- 
nical feasibility. 

Let us agree to say that the CE alloca- 
tion ts technically feasible for w if, for all 
(A, W) Cu, there exists a sequence {Wt}, 
technically feasible for 7, with W1= W 
and Wti=A, This means that the 
sequence r is not biased; it permits all 
possible CE configurations to be realized. 
Denote by II, the set of all such rm of 
length 7. 

What is the minimum value of r for 
which the CE allocation is technically 
feasible? Proposition 1 tells us that every- 
one must be “connected” to everyone else 
but this connection need not be direct 
since (6) permits indirect or middleman 
trade. 


sg) =O 


PROPOSITION 2: If n=2', k=1,2,..., 
the minimum number of periods for which 
the CE allocation ts technically feasible ts” 


7 = k(r = logan) 


To demonstrate, note that it is true for 
k=1, and assume it is true for k=q. This 
means that any group consisting of 2¢ in- 


10 The following was obtained in correspondence 
with Lloyd Shapley: To complete the solution to mini- 
mizing the number of time periods for #525, let m be 


the largest integral power of two such that m=2' <n. 


Then, r=(logem)+1 if n is even and m<2* and 
r= (logon) +2 if n is odd. 
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dividuals can be connected in g periods so 
that two groups each consisting of 2¢ in- 
dividuals can be connected in period g+1 
if every member of the one group is as- 
signed to a member of the other. Since 
2-2¢=229t!, Proposition 2 is proved. 

Call such a r which satisfies Proposition 
2 an indirect trading sequence and a trading 
economy which makes use of it an indirect 
exchange model. It should be pointed out 
that . 


PROPOSITION 3: If trades must satisfy 
BB, the CE allocation is not technically 
feasible for the indirect exchange model.) 


Suppose every individual is permitted to 
meet every other directly. Obviously, the 
CE allocation will be technically feasible. 
This will require n(n— 1)/2 bilateral meet- 
ings and assuming n is even, will take, ata 
minimum, r=#—1 periods. Call such a 
sequence which allows everyone to meet 
everyone else in a minimum number of 
periods a direct exchange sequence and a 
trading economy which makes use of it a 
direct exchange model. An interesting fea- 
ture of this model is 


PROPOSITION 4: If trades must satisfy 
BB, the CE allocation is technically feasible 
for the direct exchange model. 


Propositions 3 and 4 say that it takes 
longer to reach the CZ allocation if BB is 
imposed. Alternatively, the temporal ad- 
vantages of the indirect exchange model 
are incompatible with BB. This will not, by 
itself, offer a basis for monetary exchange. 
Other considerations intrude. 


How Trades Are Made 
I shall make a distinction between (a) 


11 Proposition 3 holds for all n>4, the smallest num- 
ber for which the advantages of indirect trade appear. 
See the Remark following Proposition 5 for a demon- 
stration in the case n= 4, : 

12 Proofs of Proposition 4 are in Ostroy and Starr, 
and G. Bradley. 
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the decision a pair of traders make based 
on the information they reveal to each 
other anc (b) the decision as to what in- 
formation to reveal. It will be assumed 
that (a) is taken out of the hands of the 
pair and given to a fictional third party, a 
broker, who makes the trading decision 
solely on the basis of what each member of 
the. pair tells him. We may suppose that 


the broker uses his unlimited ingenuity . 


and computational capacity to help the 
pair reach their CE allocations. His only 
constraint is that he knows no more than 
what the pair tells him. Until Section IV, 
the decision (b) will be ignored by assum- 
ing that there is no distinction between 
what individuals know and what they 
reveal.* 

At the beginning of period t, those fea- 
tures of the economy which cannot be 
changed constitute the state of the econ- 
omy. They are the initial configuration of 
tastes and endowments, the order in which 
pairs will meet, and the trades which 
have been made up to t. Denote a typical 
state by St=(A, W1,..., Wt; 2). The 
set of all possible states at t is 


(8) st={St:(4,W)Eu and {We}, 


+ 


k =1,..., tis technically feasible 
for some # E IL} 


Suppose the actual state is St=(A, 
W,..., Wt; r). Let FS‘) be the in- 
formation t has at t about the actual state. 
It will be assumed throughout that 


k 


(9) i(S) = {5° = $24; = Gy, a = Wy, 
TOETO =1,...,1} 


If you were to ask 7 what he knows about 
the state of the economy, according to (9) 


8 Getting individuals to reveal what they know, for 
example, their tastes, has been recognized as the prin- 
cipal difficulty in allocating collective goods (see Paul 
Samuelson). We shall see that there are similar strategic 
issues in a barter economy. 
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he would say: “I have no idea. All I know 
is that it belongs to the set of possible 
states. end I can therefore tell you what 
CE prices are, and what I would want if I 
had to balance my budget at those prices, 
and tnat I have made certain trades as 
indicated by {wt}, k=1,..., t—1, lead- 
ing to my currént position wy.’’! 

Each member of a pair of trading part- 
ners tells what he knows to the broker who 
then decides what trades they should 
make. The different trading pairs have 
differen: brokers who cannot communicate 
so the s.tuation is much the same as if the 
pair themselves decided what to trade. 

As a formalization of this story, let 
o(T(St:,..., SN) Sw, i=1,..., 0, 
be a trading rule, changing wf into wt! 
which cepends on the actual state of the 
economy and what individuals know about 
it. I shell say that p= {pi} is an informa- 
tonali feasible trading rule if for all i and 
t, and r*(z) =f, 


(10) tp = wit wy; 
and, for all SEI(SYATG(S, 


at 


(11) o(T(S),..., (8) 


= p(I(S),..., LS) 


Condition (10) says the rule must be tech- 
nically feasible. If the pair (i, 7) were to 
share their information they could de- 
termine that the actual state was in the 
set JI; and nothing more. Condition 
(11) says that the trading decision must 
respect this ignorance, which is to say 
that each pair’s trading decision cannot be 
made contingent on the tastes and trading 
histories of other pairs. 


14 This is the geme-theoretic method for describing 
imperfect information. J. C. Harsanyi has shown how 
this may `e applied to the case of players in a game who 
do not know each others’ pavoffs. The treatment above 
was developed independently in Ostroy (1970). 

18 The less one knows the smaller is his set of possible 
strategies. See Radner for a restriction similar to (11). 
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Once a trading rule is selected, the 
course.of the economy is uniquely de- 
termined by its initial state. Given 

'=(A, Wt; r), (9) determines {J}(5") }, 
the input into the trading rule {p/}, which 
determines W? and therefore S?=(A, W}, 
W?, w),..., etc. To summarize this 
recursive relation, let us say that if the 
initial state is (A, W; r) and the trading 
rule is p, the end result is g;[p|(A, W; 7) | 
ort) gd... A 

Now, the CE allocation is informationally 

feasible if there exists an informationally 
feasible trading rule p= {pf} such that for 
all (A, W) EU and rEIL, g;[p|(A, W; 7) ] 
=, @=1,..., mn. To illustrate this 
definition, consider the first period trading 
decision for any pair (1,7). If the CE alloca- 
tion is informationally feasible, their 
broker has a sure-fire method for putting 
them on a path leading to their CE alloca- 
tion no matter what the values of a, and 
Wr, R¥4, J. 


III. Informational Aspects of Trade 


In this section, the consequences of in- 
formational feasibility are explored. First, 
we have 


PROPOSITION 5: The CE allocation is 
not informationally feasibie in the indirect 
exchange model. 


To demonstrate, take »=4. Let the 
trading partners be assigned as follows: 
individual 1’s trading partners in the 
first and second periods are r!(1)=2 and 
w*(1)=3 while 4 is the partner of 3 in the 
first period and of 2 in the second —7'(3) 
=mr?(2)=4, It is readily verified that this 
sequence allows each individual to trade 
directly or indirectly with everyone else. 
From Proposition 2, this is the minimum 
number of periods since r=log.4=2. 
Assume that initial endowments are given 
by the identity matrix; ie, w,=1, if 
4=¢, and w,,=0 if ic, where i, c=1, 2, 
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3, 4. This will simplify the demonstration, 
but it is not essential. 

To go from W to A it is necessary that 
the exchange between individuals 1 and 2 
be such that 1 begin the second period 
with w= (wh, Wis Wia Wis) where 


i — (are + lic), if c =d 
(12) Wie = (tie +- a3), ifc = 2 
0, otherwise 


Individuals 1 and 2 do not know the tastes 
of 3 and 4, given by the vectors a, and ay. 
According to (11), this means that for all 
possible values of a; and a4, 1 and 2 must 
make the same trade. Now, whatever 
trade they make, they will have made the 
right decision for at most one pair (az, &4) 
and will have made the wrong decision in 
all other cases. Therefore, the CE alloca- 
tion is not informationally feasible. 


Remark. The rule (12) is compatible 
with BB only if the configuration of tastes 
satisfies dat aa™= trt azg; ie, almost 
never. 


I have assumed that individuals know 
only equilibrium prices and their own 
tastes and endowments. They do not know 
each other’s excess demands and trading 
decisions are bound by this ignorance. But, 
to take advantage of indirect exchange, 
individuals must act as middlemen passing 
excess supplies in just the right sequence 
of intermediary trading to the final de- 
mander. What is the right sequence de- 
pends on the entire configuration of excess 
demands as well as on the order.in which 
all pairs will meet. Proposition 5 brings 
out an obvious and basic point: the in- 
formational requirements for indtrect trade 
go beyond a knowledge of prices. 

Of course, the restrictions imposed on 
{7i} are rather harsh. I have taken the 
information available to an individual in 
the standard theory where he does not 
have to do his own trading and inquired as 
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to its sufficiency where he does. From here,’ 
it would be possible to go on to find the 


minimum information compatible with the 
result that the CE allocation is informa- 
tionally feasible in the indirect exchange 
model. It has already been determined 
irom Propositions 3 and 4 that the required 
trades will not satisfy BB. Therefore, the 
argument could be made that only with 
money would the individuals reveal what 
they knew. I shall not follow this course 
because the informational demands for the 
indirect exchange model appear to be com- 
plicated and are certainly exorbitant. The 
same argument can be more easily elabo- 
rated with the direct exchange model.*® 


PROPOSITION 6: If trades must satisfy 
BB, the CE allocation is not informationally 
feasible in the direct exchange model.” 


The reasons for Proposition 6 are similar 
to those underlying Proposition 5. In the 
class of economies U, no commodity is in 
sufficient supply to serve merely as a 
balancing item; and it will not do to pay 
one’s debts in just any commodity or com- 
modities. If the CE allocation is to be 
achieved under BB, commodities used as 
payment by z in his trade with 7 must also 
be those which 7 can pass on to &,..., 
etc., so that they pass in just the right 
sequence and end up in just the right 
hands. But this involves the individuals in 


16 The indirect exchange sequence, by explicitly deny- 
ing the informational sufficiency of prices, provides the 
kind of environment hospitable to the activities of 
specialists in exchange. See Ostroy (1970). All of this is 
of a piece with money. Nevertheless, when our interest 
is just monetary exchange, we may use the direct 
exchange model to isolate the essential aspects of the 
problem in the context of a neater solution, 

17 Proofs of Proposition 6 follow along the lines of the 
demonstration of Proposition 5. Clearly, for n=1 and 
2, it is false. It is also false for #==3. The reason is that 
once any tw2 information sets {7}}, 7=1, 2, 3, are 
known the other may be inferred so there is effectively 
perfect information. Unless the additional assumption 
is made that individuals do not know their own trading 
histories, Proposition 6 is false for »=4. See Ostroy 
and Starr for a proof when #25. 
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indirect trade whose informational de- 
mands they cannot meet. 

Proposition 6 points to a feature of the 
medium of exchange distinguishing it from 
a standard I.O.U. When money is used, the 
parties ic the transaction are admitting their 
inability to predict with whom and how the 
accoun: will be settled. 

Proposition 6 is important because of its 
relation =o 


PROPOSITION 7: When BB is not im- 
posed, the CE allocation ts informationally 
feasible in the direct exchange model. 


The trading rule which demonstrates 
Proposition 6 is: for all i and t, wt(z) =, 
and p= Vpr .- -s Pim), let pj-yc=l1,...,m 
be such that 


(13) 


wn +tmin [ ldi — Wig , [aj — Wye |] 
if (ai — Wee) > 0 and (ajo— Wi.) <0 





t t , t t 
Pic ™ 4%ie— MID [ | @ie— Wie ? | dje— Wye ] 
, t 
if (aie— Wie) <0 and (aje— wj) 20 
Wie otherwise 


The rule described by (13) is an example 
of what Ross Starr (1972) has called excess 
demand diminishing (EDD) trades. They 
follow the prescription ‘‘never engage in 
any trade which changes the sign of your 
excess demand.” If you start out as a 
buyer of a commodity, do not accept more 
than you planned to purchase; and, if you 
start cut as a seller of a commodity, do 
not give more than you planned to sell. 
The prescription is designed to prevent 
indirect ər middleman trade. 

It is clear that (13) satisfies the technical 
feasibility condition (6) and is informa- 
tionally feasible since it requires only a 
knowledge of the trading pair’s current 
excess demands, (a4;—w!) and (a;—w)). It 
is a straightforward matter to show that 
(13) must always result in the CE alloca- 
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tion if everyone is able to meet everyone 
else: 

The merits of EDD trades are sub- 
stantial. In terms of information, they are 
extremely economical and they lead, in the 
direct exchange (but not the indirect ex- 
change!) model, to the CE allocation. They 
have demerits as well. 


1. EDD irades do not satisfy BB. This 
is to be expected in light of Proposition 6. 
For emphasis, I shall add that they al- 
most never satisfy BB (if #>2). To illus- 
trate, consider the case of W =T, the iden- 
tity matrix. Then, for all (A, DEu, EDD 
trades satisfy BB if, and only if, A is sym- 
metric.}8 


2. EDD trades do not form a utility in- 
creasing sequence. Whenever p. (wit! — wt) 
<0, so that sales exceed purchases, we 
- must admit the possibility that «,(w;*) 
<ui(w;). Similarly, whenever p. (wH! — wt) 
>0, so that purchases exceed sales, we 
may have u,(w;t') >u,(wi); and, if some 
of one’s purchases are made before any of 
one’s sales, we may have u,(w) >u,(a,)! 
This agrees with everday experience. If 
you did not have to pay for your purchases 
your utility would be above what it other- 
wise is. 


3. EDD trades are unpredictable. If an 
_ Individual has a positive (negative) excess 
demand at the start of t, he cannot tell 
how much of ‘it will be fulfilled (taken) 
during the period. To know this, he would 
have to know the entire configuration of 
initial excess demands as well as who met 


18 Applying (13) when W =Z, we have that for any 
2 and mthi) =j, 


t è * 

Wis t Gio  ife =] 

t t a . 

Pic = Wie Qies if E =z 
0, otherwise 


Therefore, when p= (r,r, . 
if, and only if, ag = ax. 


+7), 7>0, p- (oi —wh) =0 
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Commodity 2 





Commodity 1 


FIGURE 1 


whom before t. This.means that during the 
course of trade, an individual cannot de- 
termine whether he is on a path leading to 
his CE allocation or some other point. 
Only at t=7+1 does he know where he 
ends up. Suppose z does not end up at a; 
because, to jump ahead, someone other 
than z misrepresented himself. Now, i 
knowns this was not his fault, but he can- 
not determine from his trading pcsitions, 
wi, Wy, ..., Wt, who was responsible. He 
cannot, for example, surmise that if 
at(i) =j, and p:(wit!—w!) <0, that 7 over- 
stated his demands. It may have been that 
at period s, when m(t)=k, and p-(w; 
—w;) >0, that individual k understated his 
supplies. o 

The above three features of EDE trades 
are illustrated in Figure 1. The straight 
line, BB, is the budget line. It goes through ` 
the initial endowment, point R, and the 
CE allocation, point S. The EDD trades 
begin and end on the budget line but in the 
interim they depart from it. The path 
R—-X—S indicates a trading sequence in 
which sale preceded purchase while the 
path R-Y-—-S indicates the reverse. There 
is no guarantee that the intermediate posi- 


ae nee 
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tions, indicated heré by the points X and 
Y, will lie within the region whose lower 
bound is U, the indifference curve passing 
through the initial endowment, and whose 
upper bound is U, the indifference curve 
passing through the CE allocation. 


IV. Equilibrium 

Recall that in defining the trading rule, 
p= {pi}, it was assumed that individuals 
had no choice. Each revealed what he 
knew to the best of his knowledge. How- 
ever, the trading rule does not require this 
accuracy. All that is required and all I 
shall assume is that no one says he has 
more oi a commodity than he knows he 
has, although he may say he has less. 

Let #(I*) =f? be the information i con- 
veys to the broker. It is his decision 
whether or not to misrepresent what he 
knows. A strategy for 7 is a system 
h:= {hi(Tj)}, detailing what he will say 
he knows given what he actually knows at 
each trading opportunity. Therefore, {4t} 
rather than {7f} will be the informational 
inputs determining the course of trade. 


Suppose a trading rule p={pi} and 


strategies hj, i=1,..., mn have been 
selected. The outcome is uniquely de- 
termined by the initial state. If S$! 
=(A, W'; x), this determines {J}(5") } 
and therefore {Ai(1i)}, and then 
{oi(hi,..., A,)} which determines W? 
and therefore S°=(A, Wi, W?; w),..., 
etc. We may summarize this recursive 
relation by. saying that if the initial state 
is (A, W; r) and the trading rule is given 
by p={p:} and individual strategies are 
given by 4,..., An, the end result is 

T+ 


hanl (A, W;7)] = W: , 


@=1,...,% 


gilp, hy, oar 


Now, we may say that the CE allocation 
is an equilibrium if for all (A, W) Cu and 
xE, there exists a trading rule p* 
= {prt} and strategies hf,..., k% such 
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that for alli=1,..., 7%, 


(14) zilo", Ei,- , ha (4, W; )] = a; 


and 


(15) u:(a;) = max u(eslp , a eee 
z hg 


hi... , ha | (A, W3m)]) 


The CE allocation is an equilibrium if the 
CE allocation is informationally feasible 
(14) and if it is in no individual’s interest 
to depar: from his strategy given the trad- 
ing rule and strategies of the others (15).¥ 

Underlying the question of the equi- 
librium of the CE allocation is the neces- 
sary comdition of budget balance (BUB), 


(16) p(w —w)=0, i=1,...,2 


Over the course of trade, if not at each 
trade, (_6) says the purchases and sales 
balance. 

Suppcsing individuals to have no choice 
so that they are compelled to satisfy 
BUB, i: follows immediately from the 
definition of the CE allocation (see (1)) 
that 


PROPOSITION 8: if the CE allocation is 
informationally feasible and if BUB is 
imposed the CE allocation is an equilibrium. 


If BUB weze not imposed from outside, 
would irdividuals voluntarily choose strat- 
egies leading to it; i.e., would they choose 
to reveal wkat they know? If not, the CE 
allocation is not an equilibrium. 

The cnly means the individuals have of 
imposing EUS amongst themselves is 
through BE. Suppose that all 1+7 give 
instructions to their brokers that they will 
refuse to pertake in any trade for which 
p- (w — w) <0; then 7 cannot do other 
than satisfy BUB over the course of trade. 
If some 7 does not adhere to this, 7 is not 


19 Condition 115) is the definition of a noncooperative 
equilibrium proposed by John Nash. 
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constrained by BUB. It has already been 
determined (Proposition 6) that BB pre- 
cludes the informational feasibility of the 
CE allocation in the direct exchange 
model. But to give up BB is to give up the 
incentive to reveal what one knows. The 
summary conclusion is 


PROPOSITION 9: The CE allocation is 
not an equilibrium for the direct exchange 
model.” 


Of course, if the individuals are willing 
and able to allow more time for trade, the 
opposite conclusion may be drawn. Con- 
sider the following “‘turn-taking’’ routine: 
Individual 1 goes to each of the others in 
turn asking for commodities to fulfill his 
(positive) excess demands and paying for 
them with his excess supplies so that BB 
is maintained. After (7— 1) periods he will 
reach his CE allocation. Next, 2 takes his 
with 3,..., n in the same manner,..., 
etc., so that after n(n—1)/2 periods the 
CE allocation is achieved.*} 


V. Money as a Record-Keeping Device 


` How to enforce BUB without imposing 
BB? Rather than ask how this enforce- 
ment is actually effected, I shall focus on 
the conditions which must precede en- 
forcement. Again, it is a matter of in- 
formation. 

Consider the direct exchange model and 
assume that if an individual who has 
“‘over-balanced” his budget—p- (w; — w!) 


20 This result does not hold when n <5 (see fn. 17). 

21 This is an upper bound and not necessarily a 
minimum estimate of the number of periods required 
to make the CE allocation informationally feasible with 
BB. This result demonstrates that to achieve the 
same end additional time can be substituted for lack 
of information. The tradeoff may be pushed further. 
Allan Feldman has shown that when individuals 
know nothing but their own tastes and endowments 
but have an unlimited number of bilateral trading 
opportunities, if they accept only utility-increasing 
trades they will, under certain assumptions, eventually 
reach a Pareto optimal allocation. 
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>O—is found out, he will be made to give 
up more than will put him back in balance; 
but if he is not found out, he may keep 
what he has. This represents a shortcut to 
the conclusions derived from a more ex- 
tensive version (see Ostroy (1971)) which 
supposed that individuals were in an econ- 
omy consisting of a large number of repeti- 
tions of the above direct exchange model. 

At the completion of trade, we may 
ask ¿ whether 7 balanced his budget. 
Recall from the definition of Jj*', what 
he knows at the completion cf trade, 
that i cannot say. Individual 2 knows only 
his own trading history and this will not 
suffice to infer what ïj has donz. How- 
ever, he does know one fact about 7’s 
trading history. At t, when mt(i) =f, 
p (wt — wh) = —p-(wi**+w)). If the in- 
formation possessed by all 77 were 
added together, we could compute 2 tzi $ 
-(wit!— wt) = p (w7 — w). As it stands, 
however, this information is scattered 
among the individuals with no one other 
than 7, himself, able to determine whether 
he has balanced his budget. 

As a monetary version of the model of a 
trading economy, introduce a central re- 
ceiving station called a monetary author- 
ity. Its function is to collect and collate 
the bits of information individuals have 
about each others’ trading histories. Each 
will require his trading partner to write a 
signed statement, a check, indiceting the 
amount by which the partner’s purchases 
exceed his sales. This record is fcrwarded 
to the monetary authority who revises in- 
dividual accounts on the basis of this new 
information. Sellers, by requiring payment 
in money, are guaranteeing a steady flow of 
information such that the monetara author- 
ity, and it alone, is able to montto- trading 
behavior. Of course, there is every incentive 
to require and deposit this informazion with 
the monetary authority; otherwise, one 
would not receive credit for sales and so 
have to cut back on purchases. Therefore, 
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PROPOSITION 10: In the monetary ver- 
ston of the direct exchange model, the CE 
allocation ts an equilibrium.,??.8 


There is a small slip. We have seen 
that for any (A, W)Cu, any vector 
p=(r,r,...,7),7>9, isa CE price vector. 
If the monetary authority is to be able to 
make trades between different individuals 
commensurable, they must all agree to the 
same value of r; i.e., we require a common 
unit of account. While this convention is 
essential to the operation of the record- 
keeping system, it is not identical to it. 
Money is not simply a unit of account. 


VI. Conclusion: Integrating Monetary 
and Value Theory 


In the Walras-Hicks-Patinkin tradition, 
the goal of monetary theory has been to 
present a picture of a money economy 
which would be a logical extension of the 
standard theory of value. Walras brought 
the equation of the offer and demand for 
money into line with the rest of his system 
by making a distinction between the stock 
-af money, assumed to be without any util- 
ity of its own, and the “services of avail- 
ability” of the stock which does contribute 
to one’s well-being. Just as no inquiry is 
made into the sources of satisfaction from 
other goods, the services of availability are 
similarly unquestioned. 


2 PROOF: Let A* be such that her t)=7t i=1, 

n and let p* be the EDD trades given by (13). These 
verify the first condition, (14), that the CE allocation is 
technically and informationally feasible. 

The assumed informational and enforcement powers 
oi the monetary authority make it clear to each indi- 
vidual that he cannot spend more than he earns so that 
besides the technical and informational restrictions, he 
must obey $- (wtt}—wl)<0. Therefore, if Af(Z! DÆI; 
for some j and t, then u;(wyt 1) <ua). Since it is in 
each individual’s interest to reveal accurately his excess 
demands, the remaining equilibrium condition, (15), 
is satisfied. 

2 T have avoided use of the term “transactions costs” 
because its meaning varies from writer to writer. How- 
ever, the present treatment seems consistent with the 
the usage of my colleague, Earl Thompson, who defines 
transactions costs as those losses arising from differ- 
ences in information. With his definition, we may say: 
Money reduces transactions costs. 
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Recenily, several theorists have sug- 
gested ihat it might be useful to dig a little 
more deeply.?* While the traditional ap- 
proach coulc be readily applied to de- 
termine why individuals might hold more 
or less money given that they valued it in 
certain ways in the first place, perhaps, 
just perhaps. it might clarify some con- 
temporary monetary muddles if we asked 
why money is held at all. 

This poses a dilemma. How to make 
money aDpeer without making the stan- 
dard theory disappear? Normal research 
strategy says that for a theory to be com- 
plete anc consistent it must be derivable 
from the standard theory. But the stan- 
dard tneory has been cultivated to its 
present Ligh level as a model of exchange 
in which money does not appear. Unlike 
the Waires-Hicks-Patinkin approach which 
left the standard theory intact and relied 
on conceptual appendages to introduce 
money, the recent approach forces us to 
look for modifications within the body of 
the theory. The following are some sup- 
positions as to where to look on which I 
have not relied. I shall argue that they are 
superseded Ev the conclusions obtained 
from the above model of a trading economy. 


1. Money enlarges the set of feasible 
iransacticns.* In the standard theory, any 
redistributior. of commodities which pre- 
serves their totals is feasible. Into this 
model we can introduce the problems of 
exchange as a kind of transport cost of 
getting from one bundle of goods to an- 
other. We may then reason that monetary 
exchange represents a least cost network, 
so that without the money commodity the 
set of feasible transactions must shrink. 
While this may be adequate metaphori- 
cally, it raisses the point. It is fairly well 

“ Compare fn. 2. That we recognize there is a problem 
at all is dus largely to the important papers of Don 
cae Jecob Marschak, Hahn (1965), and Clower 


2 See Hahn (1971), Kurz, Niehans (1971) and Sont- 
heimer. 
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established that the term “feasible” 
denotes what could happen, ignoring in- 
dividual behavior, not what would happen. 
Monetary exchange does not enlarge the 
set of feasible transactions; it merely en- 
ables trades, which must be feasible in the 
first place to be realized. 


2. Money is held because we do not 
know what prices will be.® Price uncer- 
tainty is neither necessary nor sufficient to 
explain the presence of a medium of ex- 
change. The above model of a trading 
economy assumed that exchange rates 
were known; yet it required a record- 
keeping device. Suppose, however, that ex- 
change rates were unknown but that in- 
dividuals voluntarily agreed to keep ac- 
curate records of their transactions (in 
terms of a common unit of account) in 
order to balance their budgets. There 
would be no need for a medium of ex- 
change.” 


3. The advantages of money have their 
origin in the properties of the money com- 
modity.* In the above model of a trading 
economy, all commodities are perfectly 
portable, durable, divisible, and recogniz- 
able, yet there is a need for money. The 
origin of this need is the decentralized 
trading arrangement. I chose to introduce 
a monetary authority and bookkeeping 
entries as a kind of ideal monetary arrange- 
ment because the record-keeping function 
of money is conceptually distinct from the 
properties of the commodities traded. Of 
course, to understand a particular mone- 
tary arrangement, it becomes a matter of 


26 See Radner. 

2 When individuals are groping for equilibrium 
exchange rates in a world where such voluntary re- 
straint is lacking, monetary exchange would be essential. 
Imagine how much more difficult would be the approach 
to equilibrium if payment for one commodity were 
made in an arbitrary collection of other commodities. 
On this issue of price dynamics, I have benefited from 
reading Peter Howitt’s study of stability in a decen- 
tralized regime of monetary exchange. 

28 See Brunner and Meltzer. 
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recognizing a minimum cost method of 
imposing budget balance and in a society 
unfamiliar with double entry bookkeeping, 
the monetary version of the model of a 
trading economy would not be ideal. 
Then, bilateral balance might be the only 
means of insuring that individuals keep 
accurate records and balance their ac- 
counts and we would have to look for a 
minimum cost method of imposing bilat- 
eral balance. In such a situation, the prin- 
ciple would not change but the practice 
might well be to choose as a method of en- 
forcing budget balance a commodity which 
is most portable, durable, divisible, and 
recognizable. 


To the standard theory of value, the 
phenomenon of monetary exchange is 
surprising and distressing; surprising be- 
cause the phenomenon is inexplicable and 
distressing because the phenomenon would 
seem to be one of the most elemental con- 
clusions to be derived from any theory of 
exchange. Once we give up the standard 
theory framework which allows the execu- 
tion of exchange to be the province of a 
centralized agency and concentrate on the 
logistics of more disaggregated trading ar- 
rangements, monetary exchange becomes 
explicable as a matter of course. It follows 
that these logistical considerations are 
worthy of attention by general ecuilib- 
rium theorists.” 
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Externalities, Liability, Separability, 
and Resource Allocation 
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£ 


‘... only through a more detailed un- 
derstanding of the way that supply 
externalities affect allocative outcomes 
can the efficacy either of organizational 
alternatives such as centralized industry 
management or of corrective. devices 
such as taxes be considered with suf- 
cient sophistication to yield any hope 
for reasonably efficient results.” 

Charles J. Goetz and 

James M. Buchanan, p. 883 


The study of resource doca ton in the 
presence of externalities continues to be of 
great interest to economists. Primarily be- 
cause of the welfare implications which 
arise from models characterized by inter- 
dependencies in production and/or con- 
sumption, such models are of great im- 
portance to policy makers. The purpose of 
this paper is to analyze and compare the 
allocative properties of a model containing 
externalities in which there are a number 
of alternative environments facing deci- 
sion makers. Specifically, we postulate the 
existence of a production externality and 
analyze the effects on resource allocation 
of a) the imposition (or possible imposi- 
tion) of liability for such externalities; 
and b) the solicitation of compensation or 
a bribe from the affected party by the ex- 
ternality generating firm. These environ- 
ments are analyzed for both separable and 
nonseparable cost functions. Our results 
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1 A function f(a, x2) is said to be separable if it can 
be written as f(a, +2)=/!(%)+/?(x2). See Abraham 


indicate that the allocation of resources in 
these alternative environments is directly 
related to the form of the cost function. 
In a widely quoted paper, Ronald Coase 
provides an analysis of the resource alloca- 


` tion effects of the imposition of liability 
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upon a situation characterized by external- 
ities. In particular, he argues that, in a 
two-firm externality situation, imposition 
of liability by a legal authority on ezther 
party results in an efficient allccation of 
resources (i.e., the allocation of resources 
is unaffected by the disposition of liabil- 
ity). This result seems to have been ac- 
cepted without reservation, see ‘or exam- 
ple, George Stigler, Guido Calabresi, and 
Thomas Borcherding. The results pre- 
sented here purport to show thet Coase’s 
conclusions are more restrictive than is 
generally believed. Specifically, we show 
that Coase’s conclusion regarding the 
neutrality of liability on resource alloca- 
tion holds only in the restricted case of 
additively separable cost functions.* 

The questions considered here, es- 
pecially the crucial role of separability, 
would seem to have been alluded to but 
never completely analyzed in the previous 
literature. In their article in Economica, 
Buchanan and William Stubbletine antic- 
ipate the differences between separable 


Charnes and Carlton Lemke and Otto Davis znd An- 
drew Whinston (1962). 

2 See also James Buchanan (1966), Guido Calabresi, 
Charles Plott, and Ralph Turvey. Also, =. J. Mishan 
(1965, 1971) critically discusses Coase’s work, though 
along different lines than those followed here. 

3 As with Coase’s original article, this paper deals 
explicitly with the case of a relatively small number of 
firms. See Section TIT for a further discussion of this 
point. 
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and nonseparable functions, although their 
model was formulated in terms of utility 
functions. Translating their analysis into 
arguments in terms of production func- 
tions, the link between their paper and 
ours would liein a simple theorem, which 
gives the relationship between production 
functions and cost separability.* In a re- 
cent piece, William Baumol argues in favor 
of Pigovian (unilateral) taxes and sub- 
sidies to achieve optimal resource alloca- 
tion and, while not explicitly considering 
separability, provides a model which is 
somewhat analogous to one of ours (see fn. 
10). Davis and Whinston (1962) discuss 
separable versus nonseparable cost func- 
tions and the practical feasibility of im- 
posing taxes and subsidies to achieve 


optimality. Two recent papers, by Goetz 


and Buchanan and by Lawrence Schall, 
analyze the competitive equilibrium and 
Pareto optimality characteristics of supply 
externalities with models similar to those 
developed here (see also Yasusuke Mura- 
kami and Takashi Negishi). These works 
do not, however, explicitly explore how 
separability affects resource allocation un- 
er alternative liability arrangements, 
which is one of our main purposes here. 
.Our ana_ysis proceeds as follows. We 
assume the existence of two different, but 
interacting, productive activities. First, 
traditional models of these productive ac- 
tivities under different decision units or 
firms are ccnsidered. Here “traditional” is 
taken to mean similar to (or identical to) 
those used explicitly or implicitly in 
previous literature such as Frank Knight’s 
well-known article, “Some Fallacies in the 
Interpretation of Social Cost,” or in any 
intermediate textbook discussion of ex- 


4 THEOREM: The cost function Chg, q2) is separable 
L€., Cin, gz) = Cig) +C (g2) if, and only if, q=F(x, q:) 
is separable, i.e., if, and only if, qi= F(x) + F*(g2) where 
x is an inprut vector for the production of q. 

The proof of this is based on necessary conditions fer 
cost minimization and is omitted here. 
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ternal diseconomies between firms in dif- 
ferent incustries. Next, the same situation 
is analyzed using models with a more 
complete and expanded view of profit 
maximization, which have been suggested 
by Coase. Thirdly, the analysis returns to 
the profiz maximizing framework of the 
first model, but the assessment of liability 
is changed from that implied in the first 
case. Finally, the analysis concludes with 
a model of the activities under joint pro- 
duction, that is, one firm. From the first- 
order conditions yielded by these models 
and with some further assumptions about 
the shape of cost curves, we obtain inter- 
esting implications about resource alloca- 
tion to be compared and evaluated. 


I. Resource Allocation in Alternative 
Environments: Nonseparable Costs 


A. Profit Maxinuzation under 
Externalities 


Consider two firms, A and B, each a 
member of a different competitive indus- 
try, whos2 productive processes interact. 
Denote A and B outputs as qı and gz and 


. their total cost functions as A(q:) and 


B(q, 92), respectively. (These functions 

relate the costs of the inputs purchased 
directly by the firms to the levels of output 
indicated in the arguments.) Assume that 
A,>0, B,>0, B,>0,A(0)=0, and B(q, 0) 

=(0.5 That is, we assume that production 

by firm A will raise the costs of firm B at- 
any strictly positive output level that B 

chooses to produce: a case of external dis- 

economies.’ 


5 For notational convenience we will use subscripts 
on the functions to indicate bot partial and total 
derivatives. That is, Ai=dA /dq; while B:\=d0B/dq. The 
context will make clear if we are discussing partials 
or totals. 

6 The interection here is one way, and interde- 
pendence is, of course, feasible. The form chosen here 
simplifies the mathematics without altering the con- 
clusions. In addition, the question of the existence of an 
equilibrium (es discussed by Davis and Whinston 
(1962)) is avoided. ` 
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In the unrestricted situation firm B 
bears the cost of the interaction; A is not 
liable for the extra cost it inflicts on firm B. 
When A and B face the market-determined 
output prices P, and P», respectively, sim- 
ple models of these firms are: 


Firm A: Maximize Piqı— A (qı) 
{qi} 


subject to ga 29 
Firm B: Maximize P.q.— B(q, qo) 


tgz} 
Subject to g.>0 


Thus, conventional theory concludes that 
the firms’ output decisions, ĝi and ĝs, 
must be such that: 


(1) Py, = Ai(qi) 
(2) P: = Bolh, Gz) 


Since By(q1, g) >0, when ¢,>0 the profit- 
maximizing output level for firm B is 
lower than it would be in the absence of 
the externality.’ This is, of course, the 
standard result of traditional behavior in 
the presence of externalities. 


B. An Expanded View of Profit 
Maximization 


One of the main arguments of “The 
Problem of Social Cost” by Coase is that 
in the case of undefined liability, the above 
model of firm A is incorrect. Coase states 
that “...a receipt foregone of a given 
amount js the equivalent of a payment of 
the same amount” (p. 7), and that, fur- 
thermore, the “injured” arm, B, should be 
indifferent to whether it bears an extra 
cost or pays compensation of an equal 
amount to avoid this extra cost. Thus 
firm A’s costs must include the bribe it is 


7 We conduct our analyses in terms of explicit in- 
creases in the costs of production rather than decreases 
in the profit levels to facilitate the exposition of the 
role of separability in our model. Since profits are just 
revenues minus costs, this approach is perfectly general 
and involves no restrictions. 
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foregoing in choosing to produce a par- 
ticular level of output, for this -s an op- 
portunity cost of production. Assuming 
that firm A would choose to produce i, 
this cost is the compensation which B 
would be willing to pay and is equal to the 
cost saving B receives as a result of A’s 
producing less than @,; that is, compensa- 
tion would be C=(B(qs, g2)—Blgi, g2))- 
This argument may be put another way 
in terms of the net revenue of ths produc- 
tive activities of firm A. By producing ĝi 
units and selling them at a price of P, the 
firm obtains the gross revenue Paĝ. How- 
ever, at the same time, if it does not solicit 
the bribe from firm B, it is foregoing 
revenue in the amount of B(ôâ, q) 
— B(qi, 92) which is the amount B is will- 
ing to pay to be rid of the costs A is im- 
posing by producing 4, instead of qı. Thus, 
firm A’s net revenue from producing ĝ 
instead of producing q is Pig:— [B(h:, 92) 
— B(q:, q2)]. Taking either the cost or the 
revenue approach, the models fcr firms A 
and B become (assuming that transac- 
tions are costless) :8 


Maximize Pigi— Alq) 

. + (Bld, 92) — BC 9) | 
subject to qı>0 
Maximize Pog.—B(q:, q2) 


{ge} 
— [BC q) -Blg q2) | 
subject to g@>0 


The output decisions of the firms, q;’ 
and qj’, are such that: 


® The formulation given in the text was suggested by 
an anonymous referee. In our original formulation, A’s 
criterion function included the opportuni-y bribe that 
he might attain over the various alternative quantities 
that he could produce, rather than the bribe received 
if A took ¢, to be his initial output position In this case, 
the model for firm A becomes: Maximize Pig:—A (qı) 
—~[B(u, q) —B(0, g2)]. With the model for B un- 
changed, the equilibrium conditions remain (3) and (4). 
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(3) Pi = Algi’) + Bilgi’, gz’) 
(4) Po = Bolg, gz) 


C. The Imposition of Liability 
Let us now suppose that a law or a judge 
were to declare firm A liable for the extra 
costs experienced by firm B in a state of 
nature. Liability is therefore L= B(q,, qa) 
— B(0, gz). In these circumstances the ap- 
propriate models of the firms would be: 


Firm A: Maximize Pig —A(h) 
igt} 


— [B(q, gz) —B(O, q) | 
subject to gi 20 
Firm B: Maximize P.g.— Bq, ge) 
{¢2} 
pi [B(qu q) —B(0, qz) ]= Pag2— B(0, gz) 
subject to g2>0 


In this case it is necessary that for the 
chosen outputs, g; and q3 


(5) Py = Algi) + Bilgi, gf) 
(6) P, = B»(0, gz) 


D. Resource Allocation under 
Centralized Decision Making 


To find the outputs which are socially 
optimal one has to find the outputs which 
maximize the social product. One way of 
doing this is to internalize the externality 
by making both activities subject to one 
decision unit. When both productive ac- 


® An alternative formulation of the problem is as 
follows: Let 


Biq, g) = max [B0 g) — Big, q)] 


ne 


qi 





E(q, q2) is an upper limit for the bribe firm A could 
extract from firm B if joint production is (qı, q2). Then 
an alternative objective function for firm A is 


a a mize Pigs — Alq) + Bq, q) 
1 
= Pig, — Ag) + max [BG:, q) — Bu, q3)] 


This formulation leads to the same result as that given 
in the text. 
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tivities are subject to one decision unit, 
the damage done and the costs incurred in 
the Bth activity due to the Ath activity 
must be recognized when the decision 
maker chooses the output level for the Ath 
activity. Thus, a profit-maximizing model 
of the joint frm is: 


Mpa Pigrt Pogo— A (qs) — Bq, 92) 
Fis G2 
subject to ¢;>0, 20 
For the socially optimal outputs, gf and 
gz, it is necessary that: . 


(7) Py = Ax(qi) + Bilgi, q2) 


E a 
(8) Pa = Baqi, q2) 


There are thus four (possibly different) 
outcomes to the resource allocation process, 
corresponding to the four alternative en- 
vironments. For purposes of comparison, 
in Table 1 we present the output levels 
corresponding to each environment. 


TABLE Í 


Environment Output 


Case a: Traditional Profit Maximization ĝi, ge 


Case b: Expanded Profit Maximization qi d ; qn! 
Case c: Imposition of Liability Gi, g 
Case d: Centralized Decision Making gi", Ga" 


Without making further assumptions 
about the second-order partial derivatives 
of the cost functions, little can be said 
about the relationship of gf, gz, the socially 
optimal outputs, to the levels of output 
chosen in the three cases cited. However, 
if we assume that the determinant of 
second-order partial derivatives 


An(g'+Buq, go) 
Bro(qi. qa) 


Balg, q2) 
Buln, q2) 
is nonzero for all qı, g.>0, then the trans- 
formations represented by the marginal 
cost functions A:(q)+B:(q, q) and 
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B.(q, q2) are one-to-one. With this prop- 
erty and the assumption that Au(q), 
Bulg, q), Balg, Q), Bulg, q2) and 
Bz(q1, q2) are positive, it can be shown (see 
Appendix) that conditions (9), (10), and 
(11) hold: 


x i * 
(9) $9 >q and ge< qe 


* 
(10) a<n 
x 
(11) g >q 


and q3 > qz 
and go < qz 


Conditions (9) indicate that for firms which 
individually profit maximize, the outputs 
forthcoming will not be socially optimal. 
In addition, in neither the compensation 
case nor in the liability case will the out- 
puts be socially optimal. In the former 
case, firm A’s output is too large (as in the 
first case) while firm B’s output is too 
small. This nonoptimality is independent 
of whether firm A obtains the bribe: if he 
does not, we have condition (9); if he does, 
we have (11). In the liability case, and 
this is one of our most important results, 
examination of (5), (6), and (10) indicates 
the outcomes. In this situation, the equi- 
librium condition for firm A appears to be 
optimal, but analysis of the second firm’s 
condition indicates that it is not socially 
correct. This is due to the fact that if 
firm B is fully compensated for any cost 
increase due to the actions of firm A, then 
B’s privately optimal decision will be 
calculated as if firm A were producing zero 
output; q4 will thus be socially too large 
and qi will be socially too small, the reverse 
of the compensation (bribe) case. This is 
in direct contradiction to what Coase con- 
cludes: in his paper, he denies that “. . . the 
fact that the cattle-raiser [firm A] would 
pay for all-crops damaged would lead the 
farmer [firm B] to increase his planting” 
(p. 3). Notice also that there is a similarity 
between the compensation case and the 
liability case, but with opposite results. 
These order relationships are not surpris- 
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ing since they simply reflect the well- 
known tenet that output falls as either the 
marginal revenue curve shifts down or the 
marginal cost curve shifts up, all other 
things held equal.’ 

Thus, only in the case in which there is 
joint decision making is there an optimal 
allocation of resources. If legal forces make 
firm A totally liable, or if firm A either 
receives or does not receive the bribe, 
there is a misallocation of resources: in 
these cases the allocation of resources is 
nonoptimal. For the “state of nature” in 
which all of the costs of the externality 
accrue to firm B and A does not solicit the 
bribe, A’s marginal cost is understated 
and B’s is overstated, socially. The result 
is that at given market prices A overpro- 
duces and B underproduces in social terms. 
A similar result occurs if A receives com- 
pensation from B. Placing total liability 
on the firm “generating” the external dis- 
economies creates an inverse nonoptimal 
allocation of resources. Because firm B is 
being totally compensated, its marginal 
costs are understated in relation to social 
cost and firm B is induced to ovezproduce. 
As firm’A is bearing total liability, its 
marginal costs are overstated and it pro- 
duces less than the socially optimel amount 
of output. 


1¢ Baumol discusses the effects of untiateral taxes 
(subsidies) on resource allocation and shows that these 
taxes do in fact generate socially optimal allocations. 
He also discusses practical methods for implementing 
such taxes to achieve optimality. In our notation, his 
model would be similar to the liability case except for 
B’s criterion function: 

firm A: Maximize Pig:—A (qı) — [B (qı, g2i—B(0, q2) | 

firm B: Maximize Pog2—B(q, q2) 


First-order conditions are 


Py = Axi) + BiG, G2) 
Pa = Bağı, G2) 


which are identical to (7) and (8), i.e., the socially 
optimal allocations. Thus gi=q*, g:=g*. As shown 
below, however, with separable cost functions uni- 
lateral taxes are not the only means of zenerating a 
socially optimal allocation, 
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II. Resource Allocation in Alternative 
Environments: Separable Costs 


With the framework developed in Sec- 
tion II, the analysis of the same types of 
environments -but with separable cost 
functions is quite straight-forward.!! Un- 
der the assumption of separability, firm 
B’s cost function will now be written** 


B(qu, G2) = B4(q1) + 6%(q2) with bi, bi > 0. 


The remainder of the analysis consists 
simply of substituting this cost function 
into the previous models and determining 
the first-crder necessary conditions. The 
` models are as follows, with first-order con- 
ditions corresponding to (1)-(8) denoted 


by (1’)-(8). 


A. Traditional Profit Maximizaiion 


Under conditions of separability of the. 


cost functions, models of the firms become: 


Firm A: Maximize Pigi— A (qi) 


{qu} 
Subject to gi>0 
Firm B: Maximize P2q2.—b'(g:) ~ b7(q2) 


{g2} 


subject to q20 


In this case, the conditions correspond- 
ing to (1) and (2) above are: 


(1) P, = Ai(q) 
(2°) Po = bilĝa) 


B. Compensation Case 


In this case, we have the following: 
} 


11 This is tke case which Coase analyzed through the 
use of several numerical examples. His analysis con- 
cluded that the allocation of resources was independent 
cf the definition of liability, but that this definition 
cid determine the distribution of income (i.e., returns). 
See also Warren Nutter for additional numerical exam- 
ples and an analysis similar to that of Coase. 

2 Recall that bi (qı) = db*/dqy, bi = db3/dqz. 
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Firm A: Maximize Pigu A (q) 
faa} 


am [o°(qu) + b*( go) — b! (q1) — b?(qo) ] 
subject to p20 
Firm B: Mzximize Pog b3( G1) — b?( qo) 


ga) 
subject z0 720 


Proft maximization conditions become 
(3’) Pl = Alqi) -+ bilgi) 
(4) P: = bilg?) 


C. The Imposition of Liability 


The models under conditions where 
liability is imposed are: 


Firm A: Mazimize Piq —A (qı) 


igi} 
— [b1 (q) +.57(g2) —b1(0) —b?(qa) | 
subject to a>0 


Firm 8: Maximize P2q.—61(0) —b?(qz) 
{92} 


subject to 20 
Condizions (5) and (6) then become 


(5’) Py = Alqi) + bilgi) 
(6’) P: = balga) 


D. Cen-ralized Decision Making 


Findirg conditions which maximize the 
social output give: 


Maximize Pyo,+ Paga— Alq) — bq) — bq) 


{qu gz} 


subject to Çu qg 20 


Maximum conditions are 


(7") P, = Alqi) + bilga) 
(8’) Ps = bilga) 


For this case, since Baqi, go) = Bar(q1, 92) 
=0, when one assumes that An(q), 
b! (qı), and b3,(g2) are positive for qı, q.>0, 
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it is possible to show that (see Appendix) : 
X * 
(9) g =g =q and p= =e 
and 
* * 
(10) Ââ> q and ĝ& =q 
With separable cost functions the results 
of our analysis of resource allocation show 
lesser variation. If firm B’s cost function is 
separable and firm A-is the type of profit 
maximizer hypothesized by Coase, then 
the definition of liability for the costs of 
interaction does not affect the output deci- 
sions; they are socially optimal in either 
case. Only if firm A neither takes the bribe 


nor pays for the external costs it causes, is 
there a misallocation of resources. 


III. Qualifications 


It should be noted that the analysis 
which has been presented above has passed 
over several theoretical points and there- 
fore must be qualified. The most serious 
shortcoming of this study is that it makes 
no distinction between threatened quan- 
tities and actual quantities. In certain of 
the instances there may exist an incentive 
for firm A to threaten to produce a quan- 
tity greater than that which is optimal, in 
order to induce firm B to pay a higher 
bribe. (Of course, there are also cases in 
which firm A would have an incentive to 
understate his optimal output, for ex- 
ample, in the case of assigned liabilities.) 
In certain instances the [heroic] assump- 
tions of perfect knowledge might vitiate 
this criticism. The analysis of a world of 
uncertainty where we can determine 
bounds on threatened quantities and de- 
termine each firm’s optimal strategy using 
game-theoretic methods will be the topic 
of a forthcoming paper. 


13 On this, see G. A. Mumey. His conclusions that 
misallocations may arise from threats used as revenue 
generators and from coercive income distributions are 
independent of our conclusions. 
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Another point is that it may be quite 
fictitious to analyze two competitive firms 
in this type of situation. One eitner must 
leave the two-firm framework or drop the 
assumption of competitive organization. 
The homogeneity postulate of tke theory 
of perfect competition requires that all 
firms in an industry face the same total 
cost situation. Thus, it is only theoretically 
correct to anlyze the interaction of two 
competitive industries. This extension 
would yield the same qualitative results 
for the individual firm. However, changing 
the firms’ marginal cost curves requires 
changing the industries’ supply carves im- 
plying that the price of the output and the. 
number of firms would differ with different 
assignments of liability. This, cf course, 
only further magnifies the shifzs in the 
allocation of resources. 

If one chooses to remain in a two-firm 
framework, then one might examine 
models of monopoly. This problem, how- 
ever, seems to have been adequately 
analyzed in the literature (see, for ex- 
ample, Buchanan (1969)). 

Also, though both firms were assumed to 
be members of competitive industries, the 
cost functions used here must be inclusive 
of Ricardian rents. This is necessary be- 
cause, as Stanislaw Wellisz has said: 

In a perfectly competitive indastry in 

which there are no Ricardian rents, 

external diseconomies result in factor 
use changes without creating ary social 
costs. In such a setting every firm 
operates at a zero profit level and all the 
factors are paid their opportuni-y costs. 

If external costs are imposed uDon one 

of the competitive units, that unit will 

make losses and in the long run go out of 

business. [p. 350] 


Finally, it is possible that cne might 
argue against our results on th2 grounds 
that we did not allow the individuals con- ` 
cerned sufficient scope to negotiate. That 
is, no matter what liability rule 13 in effect, 
any arrangements are preliminary in 
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nature and lead to more complex negotia- 
tions such that it is possible for individuals 
to merge and attain the jointly optimal 
solution. This notion of gains-from-trade 
in externality situations has been dis- 
cussed by Buchanan and Stubblebine and 
by Baumol, and it is indeed possible that 
within the context of such negotiations a 
“generalized” Coase theorem might hold: 
that is, the jointly optimal solution is ob- 
tained independently of the assignment of 
liability or the liability rule in effect. This 
result would apply to both separable and 
nonseparable cases. 

There are, however, several points to be 
considered before one can assume the 
validity of the generalized Coase theorem. 
In the first place, as noted by Baumol, in 
any practical situation the large numbers 
of transactors involved may make negotia- 
tion prohibitively expensive. In this case, 
the burden of proof in favor of a general- 
ized Coase theorem would seem to lie with 
those who can show how such bargaining 
could take place: one cannot just assume 
that it does. Secondly, as noted in Baumol’s 
paper, once such (private) gains are real- 
ized the resulting solution may in fact be 
nonoptimal (though, as Baumol shows, not 
through income effects as Buchanan and 
Stubblebine originally implied). Thus, 
while not rejecting the possibility of a 
generalized Coase theorem, we recognize 
that such a theorem could exist only under 
more fully specified conditions. 


IV. Conclusion 


The analysis above was begun with the 
idea of clarifying some issues concerning 
the type of resource allocation obtained 
. under technological externalities in pro- 


duction. In particular, our analysis clari- 


fies the question of the effect of making 
externality “generators” liable for external 
diseconomies. Neither from Coase’s origi- 
nal analysis nor from the analysis de- 
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veloped herein can one universally say as 
Coase has said: 
It is recessary to know whether the 
damaging business is liable or not for 
damage caused since without the estab- 
lishmer.t of this initial delineation of 
rights there can be no market transac- 
tions to transfer and recombine them. 

But the ultimate result f[i.e., the alloca- 

tion of resources | (which maximizes the 

value cf production) is independent of 
the legal position if the pricing system 

is assumed to work. without cost. fp. 8] 
This type of statement can only be made 
in the simple framework of separable cost 
functions. In the. more complicated, yet 
more realistic world where production ex- 
ternalities involve nonseparable cost func- 
tions, the allocation of resources is not in- 
dependent of the legal framework. As the 
inequalities in (9)-(11) show, the alloca- 
tion of resources depends on the definition 
of liabilit:. 

In addition to indicating conditions un- 
der whicn Coase’s conclusion does and 
does net hold, the analysis of the non- 
separable cases points to the following 
summery The problem of social costs is a 
problem of joint costs. As Coase has said, 
“Tf we are to discuss the problem in terms 
of causztion, both parties should take the 
harmful effect (the nuisance) into account 
in deciding on their courses of action” 
(p. 13). Firms on both sides of the prob- 
lem must adjust their factor inputs and 
outputs to get the proper resource alloca- 
tion. If one or the other side of the prob- 
lem bears these costs alone, there will be a 
misallocation of resources. 

The grcwth of problems involving ques- 
tions of externalities, liability, and deci- 
sion making under alternative institu- 
tional strictures and the continuing in- 
terest of sconomists, policy makers, and 
the general public makes it imperative 
that the economics of these issues be 
made clear. 
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APPENDIX 


In this Appendix we present simple proofs 
which are used in the body of the paper to 
indicate the relationships between output 
levels under alternative regimes. 


i Proof of (9) 


1. For a given P;, Pa we can equate the right 
sides of equations (1) and (7) yielding 


* ko k 
Alâ) = Alq) + Bilgi, g2) 


Since Bi(g*, g3)>0 by assumption, then 
Al) > Algi). Assuming that An(q)>0 
then, n> gi. 


2. Equating the right half of equations (2) 
and (8) we find Bi(qi, gs) = Ba(qř, 93). Since 
by assumption Balg, 92) >0 and Boo(g1,g2) >0, 
then @:> 97 implies that qf < ĝe. 


Proof of (10) 
1. By equating the right half of (6) and (8) 
we have that B,(0, 9))=Be(gy, 93). Since 
gi>0 and by assumption Bei(g1, g2)>0 and 
Bo(qu, g) >0, then g> g. 


2. Equating the right half of ie) and (7) one 
finds 


Alq) + Bugis 2) = Ar(qi) + Bilgi, q2) 


Since we have assumed By(qi, g2)>0 and 
>g, Blg, 4) > Bai, q2). With Bulgu 
q)>0 suppose gi>gi, then Bi(gi, 43) 
> Bi(gi, 93) > Bi(qi, g2). Now qi>q implies 
since An(q1) > 9, that Alg > Alg). Sub- 
tracting this inequality from the first equa- 
tion of this section one finds that B,(q}, g2) 
<Bi(qi, 93). This is a contradiction, thus we 
must have that gi < fj. 


Proof of (11 


1. Equating the right-hand sides of ers 
tions (4) and (8), we have Be(gi, q7) 

= Bal qi, g2). Since ĝi > gi and Bat, G2) >0, 
then q? <q3 


2. Using equations (3) and (7), we have 


Algi) + Bilgi, q2) = Algi) + Bi(qi, q2) 
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The condition that q% <q requires for 
equality that g > df. 


Proof of (9° 
The assumption of positivity of all the 
second-order partials is sufficient to insure 
that the Jacobian of the marginal cost func- 
tions is nonzero. This means that the two 
marginal cosi functions represent a one-to- 
one transformation and that for the point 
Pı, Pz in the image the arguments of the 


marginal cost functions must be unique. 
Thus 


it * / a] * ? 
qg =a = q and g Sg =g 
Proof of (10°) 
1. Since our basic assumption is that 


67:(q2)>0, bilg) is a monotonic function. 
Thus ĝ& =g}. 


2. Through equating the right side of (1) 
and (7’) one determines that Alâ) = Algi) 
+5i(q%). By assumption ;(q{)>0, thus 

Ax(q) > Algi). Since An(q:) >0 for g.>0, 
then ‘>a 
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Assets, Subsistence, and The Supply 
Curve of Labor 


By Yoram BARZEL AND RICHARD J. McDoNALD* 


The “backward bending” supply curve 
of labor is now accepted as a matter of 
course by most economists. It has no 
doubt been perplexing to observe that the 
most commonly employed types of utility 
functions do not yield such curves under 


the usual textbook analysis of the prob- 


lem.! Particular preference maps have been 
found that generate backward bending 
curves;” however, they are nonparametric, 
leading to difficulties of estimation, and 
upon closer examination seem to imply 
counter-intuitive results. We will show 
that taking into account the wealth posi- 
tion of an individual on the one band and 
survival consideration on the other greatly 
expands the variety of shapes that can be 
derived for the supply curve from some 
simple utility functions. The use of a 
specific simple utility function also implies 
some severe restrictions on the form the 
supply curve can take, rendering it test- 
able. Empirical evidence is shown to sup- 
port the conclusion that the supply curve 
is monotonic. We will also show that the 
notion that the aggregate supply curve of 
labor slopes down rests, in part, on an error 
of aggregation, and that the empirical 
evidence usually cited in support of the 
negative slope, when correctly interpreted, 
cannot be so construed. ) 


I. The Supply Curve of the Individual 
A curious method is commonly em- 


* University of Washington. Some of the work on 
this paper was done while Barzel was visiting University 
College, London, supported by a Ford Foundation 
Fellowship. 

1For example, a Cobb-Douglas utility function 
yields a perfectly inelastic supply curve. 

2 See, for example, Giora Hanoch. 
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ployed to derive the accepted shape of the 
supply curve of labor. The typical text 
first points out (following Lionel Robbins) 
that a wage change results in an income as 
well as a substitution effect and, noting the 
importance of leisure in the individual 
budget, concludes reasonably erough that 
the supply curve may, in some oz its range, 
have a negative slope. But then zhe discus- 
sion proceeds without further enalysis to 
suggest something about a turning point 
in the curve—that the curve will turn back 
only after an initial positive slope. In 
Milton Friedman’s words, “ .. beyond 
some point the income effect dominates 
the substitution effect” (1966, p. 204, 
italics added) and the change in sign is 
explained by the statement tha: “...ina 
primitive society, the initial low wage rate 
at which the income effect beccmes domi- 
nant reflects a lack of familiarity with 
market goods and a limited range of tastes. 
As tastes develop and knowledge spreads, 
the point at which the income effect domi- 
nates tends to rise.” The sign change seems 
to apply only to a primitive society, the 
value at which this occurs seems to shift 
around, and its explanation is rather lame. 
Although Friedman is only one of many 
economists to accept uncritically the back- 
ward bending shape of the supply curve,’ 
his argument is singled out precisely be- 
cause of his usual astuteness and the ad- 
vanced nature of the text.‘ 


3? J. R. Hicks apparently was the first tə introduce the 
backward bend, but he failed to offer any satisfactory 
explanation. 

4To cite one more example, Paul Samuelson in his 
elementary text alsa subscribes to the backward bend- 
ing shape of the supply curve. 
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Consider now a point on the supply 
curve oz lebor and observe what happens 
to the income change due to successive 
wage increases. The effect of the first wage 
increase is independent of whether the 
supply curve at that point has a positive 
or a negative slope, not those of the sec- 
ond and subsequent wage changes. If the 
supply curve has a positive slope, the 
number of hours affected by subsequent 
wage changes is larger and, other things 
equal, the income effect tends to grow 
stronger and stronger.® The converse will 
occur if the income effect dominates in the 
first place, rendering the slope of the sup- 
ply curve negative. These “self-correct- 
ing” tendencies give some basis for expect- 
ing the supply curve to eventually become 
vertical. 
= The asset holdings of the individual play 
an importent (and thus far largely ne- 
glected) role in determining the shape of 
the supply curve of labor.® If we consider 


an extremely wealthy individual, it seems’ 


intuitively clear that as long as work itself 
is not a commodity, no labor will be offered 
at the lowest range of wages; assuming 
continuity of preferences and.the absence 
of indivisibilities, an infinitesimal amount 
will be supplied at the point of entry into 
the labor market. From there, at least for 
awhile, the curve kas.to slope upwards. 
On the other hand, for an individual 
with no wealth whatsoever and no income 
-scurce other than his own work, the very 
lowest wage will be insufficient for survival. 
As wages increase, a point will be reached 
where survival becomes possible if he sup- 
plies the highest physically possible amount 
of labor. For such an individual, as the 


t Of course, it is possible that as wages rise the rate 
of change of labor supply, with respect to a change in 
income, may change sufficiently to negate this tendency. 

t Kenneth Boulding notes the role of assets but does 
not proceed to examine it fully (pp. 800-01). He, too, 
draws a backward bending supply curve of labor even 
though his illustrations (pp. 210-11) demonstrate only 
a negative slope and not a turning point. 
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wage rate continues to rise, the amount of 
labor supplied cannot increase; given that 
leisure is a commodity, the supply curve 
has to have a negative slope right from its 
very begirninz. It will be suggested in the 
following analysis that we predominantly 
observe “ust such an initially negatively 
sloped curve eventually tending to be- 
come perfectly inelastic. 

To prozeed with the formal analysis, we 
consider an individual who derives satis- 
faction from the consumption of two 
goods: markst purchased commodities, 
denoted by C, and leisure, denoted by R. 
Assume chat the preferences of the in- 
dividual can be characterized by a func- 
tion f(C’, R’), which at a point (C’, R’) in 
the commodity space indicates the in- 


‘dividual’s merginal rate of substitution 


between the two commodities at that 
point. 
That is, 
ac 
ee + pi 

my HC, R’) 
for small movements leaving the consumer 
as well off as 2e was before. The accepted 
range of this function is for C’, R’>0. But 
it should be recognized that unless some 
positive level of consumption of C is 
reached, survival is not possible, and so for 
some postive values of C a preference 
map canrot be said to exist. Similarly, 
survival considerations may dictate a cer- 
tain minimal level of leisure (or rest) time. 


= Notice that the roles played by the two 


survival requirements are not symmetric 
since all individuals are endowed with 
more time than is needed for survival but 
not all have safficient assets for survival. 
Denote by S the minimal required con- 
sumption of goods per day, and by T the 
minimal required leisure time and define 
C and R as C=C’—S and R= R’—T. We 
now assume that the arguments in the 
marginal rate 3f substitution are C and R 
so that 


VOL. 63 NO. 4 


1 sa (C, R) 

(1) T HEC, 

along an indifference curve, for C, R>O. 
This transformation, while innocuous as 
long as f is not further specified, is a sub- 
stantive one once specific properties are 
assumed for the preference map, as we 
shall do below. We also assume that 
f(C, R) is positive, differentiable, and that 
preferences are characterized by a dimin- 
ishing marginal rate of substitution. Thus 


d?C 
for movements along an indifference curve, 
and for all C, R>O, where fı and f: are, 
respectively, the partial derivatives of f 
with respect to C and R. 

The individual is subject to constraints 
on time and expenditures. The time con- 
straint is R+7+L£=D=24, where D is 
the length of the day and L is labor hours.’ 
Given the notion of required rest time, it 
is more convenient to write the constraint 
as 


(3) R+L=D-T=D 


where D’ is the fixed number of hours 
whose composition can be allocated to 
leisure or labor. 

The expenditure constraint is Y=WL 
+PA= PC, where Y is money income, W 
is the money wage rate (or the shadow 
wage if the individual is self-employed), P 
is the price of market commodities, and A 
is per day nonwage income in units of 
consumption goods. By rearranging and 
substituting from (3) for L, we get 


(4) C+wR=wD+A-S 
where w=W/P. Equation (4) has as its 


7 No substantive change is involved if we carry the 
analysis in terms of some other time unit, such as a 
week or a year. More importantly, our analysis is 
equally relevant to market-employed as to self-em- 
ployed individuals. 
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variables C and R, the two arguments in 
the marginal rate of substitution. Notice 
that if wD’<S—A, then even if the in- 
dividual works the physically maximum 
number of hours, he will not earn enough 
to survive. In other words, unless the con- 
dition 


(5) w > — 


is satisfied, C and R cannot both be posi- 
tive, and the function f is not defined. 

We assume that the individual chooses 
the most preferred combination that he 
can attain, given that he is able to sur- 
vive.’ Necessary and sufficient conditions 
for this to be the bundle (Co, Ro), given 
(5), are that Cy and Ro satisfy the equa- 
tions (2) and (4), together with 


(6) f(Co, Ro) = w 


This last condition is independent of the 
transformation previously imposed on the 
origin of the function f. 

Comparative statics results can be ob- 
tained by differentiating conditions (4) 
and (6) partially, first with respect to A 
and then with respect to w. The resulting 
slopes of the demands for consumption and 
leisure with respect to the wage rate are 


by Oe ath v p? 

a ee ee, 
OR OR 
OSa l ag) aD Sh) 
w ðA 


Now we want to concentrate cn the 
effects of wage changes on the quantity of 
labor supplied. Because of equation (3) 
we can write 


IR 
dA 
The first term of the right-hand side of 


ðL 
(9) —— = 1/( ffi — fe) — (D! — R) 
Ow 


8 If wD'=(S—A), the consumer will thus choose 
C=0, L=D’ rather than to work less and starve. 
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(9) is the pure substitution effect and is 
necessarily positive, due to the convexity 
of the preference map. The second term, 
assuming that leisure is not an inferior 
commodity, is also positive but is preceded 
by a minus sign. It is clear from this 
formulation that without further specifica- 
tion of the consumer’s preferences, it is 
impossible to say which of the two effects 
will dominate.® Notice, however, that if we 
are in a region where the income effect 
dominates, as w increases the term (D’ — R’) 
is declining, .tending to diminish the 
strength of the entire income term. The 
converse is true if the substitution effect 
dominates. 

We now introduce a more specific form 
of the consumer’s preference. This will 
ellow more definite and more readily 
refutable empirical implications. The more 
detailed specifications will be introduced 
in two steps. First, the function f(C, R) 
will be restricted to be homothetic. In this 
case the marginal rate of substitution be- 
tween (net) consumption and leisure is a 
function only of the ratio in which the two 
goods are consumed. Equation (9) can 
now be rewritten as 


aL i R 
ðw w (C+wR) 


where g is the elasticity of substitution be- 
tween net consumption and net leisure.” 
So the slope of the supply curve depends 
on the signs of (¢—1) and of (A—S)." In 
the special case o=1, where the prefer- 
ences imply a Cobb-Douglas type of utility 
function, the sign of the slope of the supply 
curve hinges entirely on the sign of 


(10) [C(a—1)+(A—S)] 


° If consumption C is assumed to be a normal good, 


then the demand for it (with respect to w) must be 
positively sloped, due to the restriction that the indi- 
vidual can consume no more than D’ hours of leisure. 

10 See the Appendix. 

1 The terms in the square brackets in (10) are 
grouped differently than is conventional. Since A—S 
—C=-~—wlL, these terms represent the income effect, 
while Co represents the substitution effect. 
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(A— S). In general o need not be constant 
but will vary with the ratio C/R. Letting 
x= C/R, it can be shown that 

og 


eee 
= x g — ge) 


where e (itself a function of x) is defined by 
hh!" (ac) + 2 
h'(x) 


and A(x) is the marginal rate of substitu- 
tion as defined in the Appendix. Then, 
using the definition of g, we have 


Oa o 

— = — (1 — g — ge) 

ow w 
and since our assumptions about the pref- 
erence map impose no restrictions on the 
sign or magnitude of ¢, nothing a priori 
can be szid about the direction of change 
of g as wages vary. Thus, if we do not 


_ restrict o to a constant value, the supply 


curve can assume virtually any shape and 
therefore will have no testable implica- 
tions. 

The second step in specifying prefer- 
ences, then, is to constrain ø to a constant 
value. This will also further simplify mat- 
ters and allow for easy graphical interpre- 
tation. The marginal rate of substitution 
takes the particular form 


a1) (6,8) = (—*) Pp 


where 0<&<1.!1? The above assumptions 





2 Equaticn (11) would follow from any monotonically 
increasing function of the CES utility function. 


V(C, Rì = [aC + (1 — a) RA} forg ¥ 0 
PC, R} = CeRba for 8 = 0 


defined far 0N<a<i and —1<@<o. The elasticity of 
substitution is then equal to 1/(1+8). This specifica- 
tion is a ger-eralization of the class of utility functions 
generating the so-called linear expenditure system of 
demand .ecvazions introduced by Laurence Klein and 
Herman Radin, and more recently adopted by Richard 
Stone. 
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FIGURE 1 


may appear to be highly restrictive; never- 
theless, depending on the signs of (¢—1) 
and (A—S), we get the textbook char- 
acterizations of the supply curve as well 
as some novel ones. 


The nine panels in Figure 1 are drawn | 


for cases where o 2 1 in combination with 
(A —S) 20. This set of diagrams gives us a 
whole gamut of possible results—mono- 
tonically rising and falling, perfectly in- 
elastic, and both backward and forward 
bending. So the assumptions made regard- 
ing the form of the preference map.do not 
turn out to be as restrictive as might first 


appear.'? Notice that in the three figures 
with (4—S) <0 the supply curve is not 
defined for wage rates below (S—A)/D’. 

The second row of panels (IV-VI) where 
A-S=0 corresponds to the conventional 
treatment of the supply of labor where 
both A and S are implicitly assumed equal 
to zero. It is easy to see, by comparing the 
second row with the first and with the 
third, the crucial importance of these two 


13 One important restriction is the linearity of the 
Engel curves. See Samuelson (1948). Given our sub- 
sistence requirements, the Engel curves do not neces- 
sarily go through the origin. 
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factors.‘ If assets are large enough, the 


supply curve will always have an initial- 


region with a positive slope (and will be 
monotonic for g>1). If assets alone are 
insufficient to provide for survival, the 
supply curve will always slope negatively 
initially (and will be monotonic for 


o@<1).}° Consider an individual possessing 


no income source other than his own labor. 


If we do not explicitly take into account - 


survival considerations, then the second 
row will appear pertinent. An individual 
with a utility function leading to ¢>1 
would, at the lower wage range, then prefer 
to die from starvation rather than to earn 
enough for survival. This absurd result 
points to the reasonableness of transform- 
ing the preference function as we did. 

There is no a priori reason to accept any 
one of these cases. It is important to note, 
however, that since few individuals, even 
in Western countries, start their working 
career with asset holdings sufficient for 
survival, the third row of diagrams rep- 
resents the wealth conditions of most in- 
dividuals. For some individuals, however, 
A>S; for those, we should observe, at 
least in part of the range, a positive rela- 
tion between wages and hours, and in such 
cases the vertical intercept itself will rise 
with the level of asset holdings. It will be 
shown that empirical evidence conforms 
closely to the C-D case illustrated in 
Panel VIII. 


II. The Negative Income Tax 
and the Supply of Labor 


The preceding analysis can easily be 


“In analvzing the labor-leisure problem many 
authors implicitly assume that labor is the only source 
of income. As can be seen by comparing the second with 
the first (and third) row of diagrams, this may result in 
@ serious error. 

18 An important omission in cur analysis is the possi- 
bility that an individual may be able to forestall 
starvation by consuming part cf his stock of wealth in 
addition to the flow of income resulting from it. This is, 
of course, orly a short-run solution. A fuller treat- 
ment of this problem would require bringing time con- 
siderations explicitly into the analysis. 





SEPTEMBER 1973 


adaptec to determine the effects on the 
supply of labor of a variety of tax and 
transfer schemes. Of current interest are 
those tagged as “guaranteed annual in- 
come” or “negative income tax.” Under 
most of these the individual whose income 
exceeds some “break-even” level, denoted 
here by Y;, is being taxed and the in- 
dividual whose income falls short of that 
level is being subsidized. For simplicity 
let us assume that the marginal rate of 
tax does not vary with income, that is, the 
rate of zax (which is also the rate of sub- 
sidy) is constant. If we denote this rate by 
t, the floor on income is /Y3. 

The cispcsable income available to the 
individual, cenoted by Fa, is given then by 


(12) Ya = Y +KP, — F) 
where F=u«uL-+A. The budget constraint 


now becomes, after manipulations similar 
to those used to derive (4), 


(13) C+ (1—wR = (1 — AlwD' + A) 


+iY, — S5 
(13) E E E 
+ (Y, — A) 


The conditien for an interior maximum is 
now 


GA ACR = (1 —dw 


Again, essume the preference map to be 
homothetic, then the same comparative 
static techniques used to derive (10) give 
us 
(15) aL >- it R 

ðw w [C + (1 — wR] 
+[d—A—(S—t¥)]} 


This result is essentially the same as (10), 
with the wege rate deflated by the tax 
(and subsidy) rate, and with the term in 
the square brackets corresponding to 
[A—S] in (.0). The term (1—/)A is net- 
of-tax nonwage income, and (S—tY p) is 
the portion of subsistence not covered by 


{Cle — 1) 
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the guaranteed minimum income. As be- 
fore, the sign of the term in the outer 
brackets determines the sign of OL/dw. 
For the case where o= 1, the supply curve 
is positively sloped if net nonlabor income 
exceeds the “net” subsistence term. It is 
not possible to determine a priori the effect 
of the tax plan on this final term, since the 
tax lowers net nonlabor income while the 
existence of the income floor weakens the 
force of the survival requirements. 

Given, however, the notion of a mini- 
mum survival requirement, it would seem 
that if a guaranteed income has any mean- 
ing at all, it has to at least suffice for sur- 
vival. We want, then, to examine the case 
where #¥,>5. The terms in square 
brackets in equation (15) must then be posi- 
tive. The possible cases then reduce to 
those in the first row of Figure 1 (with triv- 
ial modifications in interpretation of the 
terms). The supply curve will always 
slope upwards initially, and may slope up- 
wards throughout. Only when ø is suff- 
ciently less than one is it possible for the 
labor supply to turn into a negatively 
sloping curve. 

To understand the effects of the plan 
more completely, it is helpful to find the 
effect of a change in the tax rate on the 
supply of labor. This can be done by dif- 
ferentiating equations (13) and (14) par- 
tially with respect to the tax rate ¢. The 
result of these operations is shown in 
equation (16). 
ðL R[C(11—o) + S— Y,)] 


Oo ar Gale + a — wR] 


Again the effect on the labor supply can- 
not be determined a priori, and it would 
take another series of nine figures to depict 
all of the possibilities. Notice that it is 
the break-even level of income, and not the 
floor (¢¥,) on income, that is opposed to 
survival consumption S. Since the break- 
even level F, must be greater than the floor 
éY,, and the floor in turn must exceed sub- 
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sistence (see preceding paragraph), it is 
plausible that. the break-even level will 
exceed subsistence. If this is the case, 
the effect of an increase in the tax (and 
subsidy) rate will be to decrease the labor 
supply (unless e is sufficiently smaller than 
unity). Note also that at Y= FY, the tax is 
zero; consequently, for Y= Y, a change in 
the tax rate leads to a substitution effect 
but not to an income effect. As a final re- 
sult, the partial effect of changes in the 
level of break-even income on labor supply 
can be found to be 


ðL —iR 


17) — = 
An ðY, [C+ (1 — wR] 


which is negative, given that 0<¿<1, 


III. The Aggregate Supply Curve 


The individual’s demand for leisure is 
derived under the assumption that (in 
competition) the wage rate is an exoge- 
nously determined parameter; a change in 
the wage rate will lead to.an income or 
wealth effect, in addition to the substitu- 
tion effect. The central interest in this 
paper is with the uncompensated demand 
curve. So the demand for leisure in (8) 
and subsequently contains both a sub- 
stitution and an income effect. It is well 
known that when considering the ag- . 
gregate demand for a commodity, price is 
an endogenously determined parameter 
and, more importantly, that the net 
wealth effect will tend to zero. This recog- 
nition is one of the major contributions of 
general equilibrium analysis. Milton Fried- _ 
man (1949) and subsequently Martin 
Bailey, in identically titled articles, “The 
Marshallian Demand Curve,” both stress 
that in the aggregate, at a point in time, 
wealth effects tend to wash out due to the 
constraint imposed by the resource en- 
dowment of the economy. And in the ab- 
sence of wealth effects, no Giffen goods are 
possible, and the aggregate demand curve 
for leisure, as for any other good, has to 
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slope down throughout.!® But elsewhere in 
their writings, when drawing the supply 
curve of labor, both Friedman and Bailey 
allow for a negatively sloped portion of the 
curve. Friedman (1966) does not specify 
the level of aggregation, but Bailey (1962) 
clearly discusses the economy-wide supply 
curve of labor. 

A possible explanation for such incon- 
sistency is that empirical evidence strongly 
indicates a negative relation between the 
wage rate and the supply of labor. To the 
extent that this relation is observed in 
cross-sections, it is usually obtained for 
subgroups in truly partial equilibrium 
settings, and the evidence is not pertinent 
in determining the shape of the aggregate 
relation. As for time-series, the ceteris 
paribus is clearly violeted. Comparisons 
are made between points in time for which 
the total productive capacity of the econ- 
omy is not held constant. In other words, 
over time we observe not only the sub- 
stitution due to an increase in real wages 
but also the effects of a net increase in real 
wealth. The wealth increase is not the re- 
sult of the change in wage; if anything, it 
is the cause of the change in wage. Under 
these conditions, a negative relation be- 
tween the quantity of labor supplied and 
the wage rate is easily understood, but this 
does not reflect on the slope of the supply 
curve at a point in time where wealth is 
constant. 

This is not to imply that the aggregate 
supply curve of labor can never slope 
downwards or that (in the aggregate) 
Giffen goods can never be observed. These 
>henomena are not ruled out on a priori 
grounds, but may occur only under much 
more stringent conditions than usually 
specified. Suppose that the proceeds of a 
tax imposed on capital are used to sub- 
sidize labor. The relative price of labor will 


16 By the same token, it is not surprising that Stigler’s 
search for Gitfen goods is in vain. See George Stigler. 
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increase, and individuals supplying labor 
will experience positive wealth effects. On 
this account, the slope of the supply curve _ 
may become negative. On the other hand, 
individuals, in their capacity as owners of 
capital, wil. experience negative wealth 
effects and will demand less leisure and 
offer more labor services. For an individual 
whose capital holdings are exactly propor- 
tionate to the quantity of labor he supplies, 
the two income effects will cancel out. The 
other extreme is where all but one in- 
dividual have no capital whatsoever while 
a single individual owns the entire capital 
stock of the economy. The wealthy owner 
will increase his labor supply as a result of 
the decline in his wealth by at most 
twenty-four hours a day. Since his contri- 
bution will be a minute fraction of the 
total, tae aggregate supply curve can 
easily be negatively sloped. The actual 
situation is somewhere in between these 
two extremes and while the notion that the 
aggregate supply curve may slope down 
at a point ir. time is greatly weakened, it 
cannot be entirely rejected on a priori 
grounds. | 


IV. The Empirical Evidence 


In The Price of Leisure, John Owen com- 
piled U.S. time-series spanning the years 
1901-61 for (among other things) the 
number of weekly hours of work and the 
corresponding real hourly wage. A number 
of important adjustments to the raw data 
make these series particularly useful for 
our purposes, especially in adjusting 
weekly hours for vacations and holidays 
and in excluding working students from 
the series from 1940 on. 

The cata, however, should be inter- 
preted with great care. The coverage is for 
“private. non-agricultural wage and salary 
workers.” If we assume, as seems reason- 
able, that the larger the asset holdings of 
an individual, the larger the chance that 
he will beccme self-employed, then the 
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above classification of workers is biased 
towards individuals with low asset hold- 
ings. This has strong implications in in- 
terpreting the time-series. First, we saw 
that when the wage is parametric, the 
supply curve of individuals will vary sub- 
stantially according to whether their level 
of assets is such that A—S>0 or A—S <0; 
this is evident in a comparison of the first 
and third rows of panels in Figure 1. In 
particular, as asset holdings increase, the 
relation A —S <0 will change to A—S>0, 
and at the same time, individuals will tend 
to drop out of the class of workers covered 
by the series. The individuals covered by 
the time-series, then, have particular asset 
holdings that will tend to bias the observed 
relation towards a negative slope. 

Second, as noted above in the section on 
aggregation, to the extent that the change 
in wages is not accompanied by a shift in 
the transformation curve, the income effect 
on wage earners will be more or less 
matched by an income effect in the op- 
posite direction on asset owners. But since 
the latter tend to be excluded from the 
sample, the effect on them is missed, and 
again the aggregative curve is biased to- 
wards a negative slope.” 


In addition, during the period covered a ` 


dramatic shift occurred in productivity, 
and the observed increase in wage earners’ 
incomes was not at the expense of asset 
holders. Consequently, the evidence af- 
forded by the aggregative time-series cor- 
responds more closely to that of the in- 
dividual where wages are parametric and 
where increased wages mean a higher level 
of income than to the aggregative supply 
curve at a point in time where total in- 
come is constant. 

The above discussion leads us to view 
the time-series as being obtained from a 
population for which asset holdings are not 


17 These two biases, however, are fortunate from the 
viewpoint of identifying the parameters of the under- 
lying utility function. 
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FIGURE 2 


high (though perhaps rising) and to view 
the wage changes as parametric. So the 
data may narrow down the range of utility 
functions consistent with the evidence by 
shedding some light on the constanty of 
a and on its value. 

The data are plotted in Figure 2, where 
the horizontal axis measures hours worked 
per week and the vertical axis measures 
(on a logarithmic scale) the index of real 
wages. Individual points are identified ac- 
cording to their year. From 1901 to 1929 
only selected points are available; from 
1929 to 1961 the data are annual except 
for the omission of the war years, 1943-45. 

The pattern that emerges conforms 
closely to Panel VIII of Figure 1, where 
A-S<0 and where g=1.)8 During the 
first half of the period, from 1901 to the 


18 We should bear in mind that each of the diagrams 
in Figure 1 is drawn for a constant level of nonwage . 
income. Since nonwage income is not held constant in 
the actual data, and since such income may be corre- 
lated with the level of wages, a possibility of a bias is 
present. 
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mid-1930’s, real wages doubled, and weekly 
hours fell from 58 to about 42. During the 
second period, from the mid-1930’s to 
1961, real wages doubled again but hours 
remained virtually constant, particularly 
so if the war-related years are ignored. 
From 1948 to 1961, the range of variation 
of weekly hours is in the narrow band 
between 40.4 (1954) and 42 (1952) with no 
apparent trend.!* This corresponds to the 
Cobb-Douglas utility function where the 
supply curve approaches asymptotically a 
positive number of hours.” Given that 
American wages in 1901 were substantially 
above those required for subsistence, the 
above evidence is insufficient to determine 
the minimum levels of consumption and 
rest. 

Owen’s data go only to 1961 and cover a 
very broad class of workers. During the 
1960’s real wages continued to increase, 
but weekly hours showed very little, if 
any, decline. Weekly hours for all produc- 
tion workers fell from 38.6 in 1961 to 
37.07! (the coverage does not differ much 
from Owen’s but the hours are unad- 
justed). This decline, however, is entirely 
due to a decline in hours in wholesale and 
retail trade (from 38.3 to 35.1); none of the 
other four subclasses, which include min- 
ing, construction, manufacturing and fi- 
nance, showed any decline. Note that both 
1961 and 1971 had high unemployment 
rates. The last decade, then, conforms to 
the pattern of the earlier period. 

An interesting empirical implication 
(also useful for testing the conclusion that 
the utility function is Cobb-Douglas) is 


-39 The range will be further narrowed if we take 
account of cyclical fluctuations in unemployment, 
which are negatively correlated with the number of 
hours. 

2 It is interesting to note that since the end of the 
Second World War, weekly hours in Great Britain 
are also almost constant. There, however, the number 
is around 48 hours per week, The difference of about 
7 hours per week between the two countries is an inter- 
esting puzzle. 

21 See the Monthly Labor Review. 
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that as wages go up the divergence with re- 
spect to hours of work tends to disappear 
as between the capitalist and noncapitalist 
classes, I.e., between those with A—S>0 
and those with A—S<0. Casual notions 
suggest that working habits of wealthier 
individials in the United States do not 
differ ruch from those of less. well-off 
individuals. Casual notions also suggest 
that the “leisure” class is quite prominent 
in poor countries where the real wages are 
low. Toese notions, if correct, tend to sup- 
port tke hypothesis that g= 1. Of course, a 
more careful and systematic analysis of the 
evidenz2 is necessary to determine whether 
these casual notions are correct. 


V. Some Further Comments 


The attainable (survival) consumption 
set used in the preceding analysis was of a 
simple, ‘fixed coefficient” nature. A more 
complicated (and perhaps more realistic) 
formulation, allowing some substitution 
between the two commodities in meeting 
the recuisites of survival, would in prin- 
ciple cause few difficulties in the formal 
theor7.? However, the notion of net 
consumption (above survival) would then 
have Lttle intuitive appeal, and it thus 
might be impossible to find a formulation 
of preferences yielding simple expressions 
like ecuations (8) and (9) for the slopes 
of the demand curves. The assumptions 
used do, however, seem to strike a reason- 
able balance between complicating the 
analysis severely and ignoring subsistence 
needs completely, since they allow simple 
types of preferences to generate a wide 
variety of types of demand (supply) 
curves. | 

Thus Hanoch verges on an error when 
he asserts (p. 639) that CES utility func- 
tions cannot produce backward bending 

2 Provided that the new attainable set is convex. 
Otherwise, it may be impossible to even define convex 
preferences over the entire set of attainable consump- 


tion bundles, See Arrow and Gerard Debreu (1954) 
and Debreu. 
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supply curves and that a C-D utility 
function produces a vertical supply curve. 
His failure to take into account the wealth 
position and subsistence requirements of 
the individual has led him to use an un- 
necessarily complicated utility function to 
get his desired qualitative results. His 
illustration of a “conventional”? supply 
curve, with (A —S) implicitly set at zero, 
shows how unreasonable one can get if 
minimum consumption is not specified. 
Since his supply of labor becomes zero at 
all wage rates below w= 1,” his consumer 
then would apparently prefer to starve to 
death rather than work and live at a wage 
less than 1. 

In empirical studies of the supply of 
labor, the asset position of the individual 
is seldom taken into account. But a com- 
parison of the first and third rows of 
Figure 1 clearly shows that even when 
assets are present we cannot simply add 
nonwage income as another variable in, 
say, a regression equation. Clearly, the 
coefficient for the wage rate depends on 
the level of nonwage income, and it even 
changes sign as assets pass through the 
level A=S. A simple relation allowing for 
no interaction effects, even if statistically 
“significant,” gives average results for 
diverse groups of individuals, which in 
this case are entirely meaningless. More 
specifically, in a sample with assets dis- 
tributed on both sides of the subsistence 
level, the estimated effect of the wage 
rate on the supply of labor will be biased 
toward zero. Given the model formulated 
above, however, the correct specification 
for the labor supply is shown by equations 
(A 10) and (A 11) of the Appendix. Equa- 
tion (A 11), where it is assumed that c= 1, 


23 The units of w are not specified; thus, the entry 
point into the labor market is not invariant to the choice 
of units for the consumption good. His specific utility 
function in our notation is: 


V(R, C) = R exp |- exp (- =)| 
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can be readily estimated by standard tech- 
niques; (A 10) poses more of a problem 
but could also be estimated if the hypoth- 
esis that e= 1 is not tenable. 


APPENDIX 


To derive equation (10) it will be con- 
venient to solve explicitly for the effects of 
asset changes on the demands for C and R. 
We can differentiate equations (4) and (6) 
totally to get 


dC + wdR = dA + (D' — R)dw 
fidC + fodR = dw 


Letting dw be zero and recalling that at 
equilibrium w=f, we see that the partial 
effect of income on leisure is 


Al cola = f,) 
(A 1) gr = 2 


Substituting this into (9) and rearranging, 
we have 


(ay Esn -4)|—-('-8)| 
ae i—fe 7, 


1 
=— fi / ff — fa) 
| w 


[£-cc+s-0] 


I 


where the budget constraint (4) has been 
used to substitute for (D'— R) and we have 
again used w=f. 

Assume now that the individual’s pref- 
erences are homothetic in C and R, so the 
marginal rate of substitution is a function 
only of the ratio of consumption to leisure— 
that is, (C, R) is homogeneous of degree 
zero—so we may write 


rein) 


Then fı and f can be written as 


/ 1? 


h 
hz; h=- 


A3 ; 
a R RR 
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and we have 


h (C+ Loe 
(AA idea 
R 
by convexity. So it a be true that h’>0. 
The income effects then become 


OR R aC C 


(A5) —=———— and —-=———_ 
dA (C+wR) dA (C+wk) 
where the derivation of the latter parallels 
that for leisure. 

The elasticity of substitution between the 
net quantities of consumption and leisure 
is defined as 


Ge) 


where the differentials are for movements 
along an indifference curve. When prefer- 
ences are homothetic this is simply 


(A 6) Rh 
Chl 
and then we have 
f Rh 
(A 7) = = Co 
fi K 


Equations (A5) and (A7) may then be sub- 
stituted into (A2) to yield (A8). 


ðL 1 R 
ðw w (C+wR) 
‘(Cle dys 5) 


Working in a parallel manner, equation (7) 
can be rewritten as 


ôC C 


(A9) = Se 
- dw (C+wR) 


[R(o — D+ D'] 


It can also be shown that no weaker specifi- 
cations on the individual’s preferences will 
give these results. 

The further assumption that the elasticity 
of substitution is a constant yields the ex- 
plicit supply function 
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CZ g 
( Jen — (A — S) 
1—e 


Q g 
( e+e 
1—ea 


(A 11) b= ad! ~(1~a)(=—) 


(A 10) L = 





which reduces to 





when o=1. This is the supply function that 
would be generated by a Cobb- ovens 
type of utzlity meen: 


REFERENCES 


K. J. Arzow and G. Debreu, “Existence of 
an Equilibrium for a Competitive Econ- 
omy,’? Econometrica, July 1954, 22, 265- 
90. 

M. J. Bailey, “The Marshallian Demand 
Curve,” J. Polit. Econ., June 1954, 62, 
255-61. 

, National Income and the Price Level, 
New York 1952, p. 34. 

K. E. Boulding, Economic Analysis, 3d ed., 
New York 1955. ; 

G. Debreu, Theory of Values: An Axiomatic 
Analysis of Economic Equilibrium, New 
York 1959. 

M. Friedman, Price Theory, rev., Chicago 
1966, p. 204. 

, “The Marshallian Demand Curve,” 
J. Polit. Econ., Dec. 1949, 57, 463-94; re- 
printed ir Essays in Positive Economics, 
Chicago 1953. 

G. Hanoch, “The ‘Backward-Bending’ Supply 
of Labor,” J. Polit. Econ., Dec. 1965, 73, 
636-42, 

J. R. Hicks, Value and Capital, ad ed., Ox- 
ford 1945, p. 37. 








L. R. Kleir. ad H. Rubin, “A Constant Util- 


ity Index of the Cost of Living,” Rev. 
Econ. Staud., 1948-49, 15, 84-87. 

J. D. Owen, The Price of Leisure, Rotterdam 
1969. 

L. Robbins. “On the Elasticity of Demand for 
Income in Terms of Effort,” Economica, 
June 1620, 29, 123-29. 

P. A. Samuelson, “Some Implications of 


VOL. 63 NO.4 BARZEL AND MCDONALD: SUPPLY CURVE OF LABOR 





‘Linearity’,” Rev. Econ, Stud., 1948-49, R. D. Stone, “Linear spa TE n 
15, 88-90. ` and Demand Analysis: An App a i 
, Economics, 8th ed., New York 1970. the Pattern of British Demand,” edge 
G. J. Stigler, “Notes on the History of the Sept. 1954, 64, 511-27. 
Giffen Paradox,” J. Polit, Econ., Apr. 1947, Monthly Labor Review, U.S. Department of 
55, 152-56. Labor, July 1972, p. 82. 








The Intrafamily Allocation of Time 
The Value of the Housewives Time 


By REUBEN GRONAU* 


In the new approach to consumption 
theory, the consumption activity is re- 
garded as a production process in which 
time and goods are combined to produce 
utility. This new theory has revived in- 
terest in the family as the basic consump- 
tion unit.' While classical theory regarded 
“household” as synonymous with “‘indi- 
vidual,” tae new approach came to recog- 
nize that the members of a family each 
play a different role in the production of 
utility. Various authors? suggested that 
the classical dichotomy of “work in the 
market” versus “leisure” may serve as a 
good approximation of the role the hus- 
band plays in the production activity of 
the household but does gross injustice to 
the wife. To call the whole of the time 
spent by the wife outside the market sec- 
tor “leisure” is to overlook the production 
activities she engages in at home. These 
activities are better termed work at home, 


* Hebrew University, Jerusalem. Parts of this 
paper are based on my study, “The Labor Force 
_ Participation of Israeli Women,” carried out at the 
Maurice Falk Institute for Economic Research. I 
finished the paper while a postdoctoral fellow at the 
University of Chicago. I acknowledge the financial sup- 
port of the Rockefeller Foundation through a grant to 
the University of Chicago for research on the Economics 
of Population and Family Decision Making. I bene- 


fitted from the suggestions of Gary Becker, Giora : 


Hanoch, Ruth Klinov, David Levhari, Gregg Lewis, 
and Shlomo Yizhaki, and I am grateful to Randall 
Olson for his devoted research assistance. 

1 This new approach is associated with the work of 
Gary Becker (1965) and Kelvin Lancaster (1966) but 
can actually be dated back to Wesley Mitchell (1937). 
Among its recent exponents are Stuart Altman and 
Robert Barro (1970), Gilbert Ghez and Becker (1972), 
Gronau (1970), Michael Grossman (1972), Robert 
Michael (1973), Haim Ofek (1970), and others. 

2 Most notebly Jacob Mincer (1962, 1963), and later 
Glen Cain (1966) and Marvin Kosters (1963). 
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and the wif2’s allocation of time should 
therefore be analyzed in terms of a three- 
way division of work in the market, work 
at home and leisure. 

Recently, there have been some at- 
tempts =o formalize the family decision- 
making process and to analyze the factors 
determining the intrafamily allocation of 
time and goods (Stuart Altman and Robert 
Barro, Reuben Gronau (1970b), Haim 
Ofek, James Smith). However, most of 
these attempts were based on a specific 
formulation 3f the form of the family util- 
ity function,’ so that the validity of their 
results depends on the mathematical form 
used. A more serious limitation of most of 
these modele (Altman and Barro, Ofek) is 
the failure to relate to or explain the sali- 
ent feature of the intrafamily allocation of 
time—the fact that at each point of time 
over 60 Dercent of all married women are 
not actively 2ngaged in market production 
and thet during any given year not more 
than 50 percent participate in the labor 
force. The explicit or implicit assumption 
that the wif2 works in the market limits 
the relevance of these models to at most 
one-half of all families, but leaves un- 
answered questions relating to the re- 
mainder. whzre the wife’s sole occupation 
is housewife. 

This paper attempts a general formula- 
tion of the intrafamily allocation of time. 
The members of a family allocate their 
time according to their comparative ad- 
vantage in the production of market and 


3 Ofek amd Gronau (1970b) used a two-stage CES 


function while Altman and Barro used a Cobb- 
Douglas function. 
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home goods. Comparative advantage is in 
turn determined by their relative wage 
rates and their efficiency in the production 
of home goods. Husbands’ wage rates as a 
rule exceed those of wives. Thus, we ob- 
serve that, in general, husbands specialize 
in work in the market, while the wife spe- 
cializes in the production of home goods. 
Very crudely, one can distinguish three 
situations of specialization: the case where 
the husband divides his time between 
work in the market and leisure and the 
wife works both in the market and at 
home, spending the rest of her time on 
leisure; the case where the wife drops out 
of the labor force; and the case where the 
husband enters the home production pro- 
cess. These three phases are reflected in a 
difference in the factors determining the 
value of the wife’s time. The value placed 
by the family on the wife’s time while she 
works in the market is, of course, deter- 
mined by her own marginal wage rate. 
When she leaves the labor market this tie 
is severed, and the price of her time is de- 
termined, in the second case, by family 
income, and, in the third case, it is deter- 
mined by her husband’s wage rate. 

The wife’s decision whether to partici- 
pate in the labor force can, therefore, be 
viewed in terms of the comparison be- 
tween her value of time in the absence of 
market opportunities and her potential 
wage rate. The result of this comparison is 
recorded in the labor force statistics. These 
statistics yield themselves however to two 
different interpretations, based on the self- 
selection of working wives from a fre- 
quency distribution of their alternative 
price of time. According to the first, the 
wives who work are those who are the 
least productive in the home sector, i.e., 
those whose value of time is the lowest, 
and, hence, the mean price of time of 
housewives exceeds the average wage rate 
of working women. By the second inter- 
pretation, those who work are the women 
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most fit for market work, i.e., those who 
have received the highest wage offers, and, 
hence, the mean price of time falls short 
of the average wage rate. 

Using 1960 U.S. data it is found that 
under the first assumption, the house- 
wives’ average price of time exceeds the 
average wage of working women by less 
than 20 percent. Given the second assump- 
tion, the housewives’ average price of 
time falls short of the average wage rate 
by about 20-30 percent. White women 
assign to their time a higher value than 
nonwhites. Only part of this difference 
may be explained by income differentials, 
the rest arising, seemingly, from differ- 
ences in their age-education composition. 
Finally, it is found in the case of nonwhite 
women that the existence of a young child 
(less than three years old) raises his moth- 
er’s price of time by about 6-8 percent. 
We could not, however, derive a similar 
estimate for white women. 


I. The Intrafamily Allocation of Time 


Let us consider for simplicity a house- 
hold (family) consisting of two members: 
husband and wife. The household combines 
its members’ leisure time with market and 
home goods to generate utility (U). 


(1) U = U(M, H, Ly, Le) 


The arguments of the utility function will 
be termed factors, where M denotes the 
amount of market goods, H the amount of 
home goods, Lı the amount of the hus- 
band’s leisure, Lẹ the amount of leisure 
enjoyed by the wife. Home goods, in 
turn, are produced with a combination of 
market inputs and time and can be pro- 
duced by either husband or wife. 

One of the things distinguishing a family 


4 This formulation ignores the effects that intra- 
family distribution of goods may have on family wel- 
fare and assumes implicitly that work, whether in the 
market or in the nonmarket sector, carries no utility 
(or disutility). 
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from a single-person household is the ex- 
change taking place within the family. 
Thus, the husband does not have to rely 
on his owr. talents to produce these goods 
(say, a meal) but can muster the services 
of his wife in exchange for say, his working 
in the market. Thus, H=H, +H, where 


(2) H;=HAX,Te), t= 1,2 


H; being the amount of home goods pro- 
duced by person 7, and X; and Tx; being, 
respectively, the amount of market inputs 
and time used in the process. The family 
aims at maximizing its utility subject to 
the constraints it confronts. These con- 
straints are of two kinds: (a) the budget 
constraint, and (b) the time constraint. 

The family pools its pecuniary resources. 
Adopting a one-period model, the budget 
constraint states that expenditure on 
market goods and inputs cannot exceed 
the family income (J). 


(3) PyM+PxX=WiTa,+WeTu,tV=l 


where W; denotes the wage rate of mem- 
ber z, Ta: the amount of time he spends 
working in the market, V other sources of 
income besides earnings, Py and Px the 
price of market goods (M) and inputs (X), 
respectivelv, and X= X,+ X2. 

The family faces two separate time con- 
straints stating that the amount of time 
spent by person 7 on work in the market, 
work at home, and leisure cannot exceed 
the total amount of time available (To) 


(4) Tumi + Tui + Li = To t= 1,2 


The maximization of the utility function 
(1) subject to the production function for 
home goods (2), and the budget and time 
constraints ((3) and (4), respectively), 
yields the family members’ optimum allo- 
cation of time and the family’s optimum 
allocation cf expenditure between market 
goods and market inputs. 

This optimum solution depends on the 
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specific rature of the utility function, the 
home goods production functions and the 
family members’ wage rates and other 
sources of income. Let us assume, for sim- 
plicity, that the production of home goods 
calls for the combination of time and 
market inputs in fixed proportions.’ More- 
over, let us assume that these functions 
differ between husband and wife: 


[Xs Tyi 
(5) H: = min ( ’ ) 1 = 1,2 
yi $; 








1/y: and 1/8; being, respectively, the mar- 
ginal products cf market inputs and time 
in the production of. home goods. Given 
this assumption, inputs vary propor- 
tionately with the amount of home goods 
produced 


(6) xX; = yH; 


TH; = ôH: 1 == 1,2 

The marginal cost of producing one unit of 
home gocds by person 4(I,) is 

(D) W=wPxtsW; i=1,2 
where W7 is the value placed on the time 
of persen 1. ' 

If we assume that the values placed on 
the husband’s and wife’s time are constant 
(though not identical) and do not vary 
with amount of home goods produced,’ and 
given our previous assumption concerning 
the constancy of 6; and y; the marginal 
costs of producing home goods are con- 
stant and differ, in general, between hus- 
band and wife. The family will turn for its 
supply of home goods to the cheaper of the 
two producers. 


ë This strong assumption could be replaced by the 
weaker assumption that the production function of 
home goods is homogeneous of degree t>1 without 
affecting the major conclusions of the model but at the 
cost of greatly complicating the computations. 

§ This assumption is removed later in this section. 
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Case I: Both Members of the Family 
Participate in the Labor Force 


If both members of the family partici- 
pate in the labor force, the value of their 
time equals their wage rate (WF=W,). 
Their marginal costs of producing home 
goods are therefore 


(8) U; =y:Px + ôW: 


_ The zth person’s marginal costs of pro- 
ducing home goods depend on his mar- 
ginal productivity (y: and 6;) and his wage 
rate. Since in general the husband’s ex- 
ceeds the wife’s wage rate the price charged 
by the husband for home goods exceeds 
that charged by the wife unless this dif- 
ference in wages is offset by differences in 
efficiency. Consequently, all home goods 
are going to be produced by the wife, while 
her husband divides his time between 
work in the market and leisure (i.e., 
Tm =0). 

In this case, one can incorporate both 
time constraints (4) into the budget con- 
straint (3) to obtain one ultimate con- 
straint 


(9) I=PuM+PxX: 
=Wi(To— Li) +W:(To— Ta, — L) +y 


i=1,2 


Inserting the values of X, and Tr, in terms 
of the output of home goods into the equa- 
tion, this constraint can be written 


(10) PuM + HOH + Wili + Wel, 
z (Wi + W2)To+V = I* 


where II=y2Px+ ôW is the price of home 


goods, and J* is the family’s “full in-. 


come,” i.e., the income the family could 
have earned had it devoted all its time to 
work in the market. 


T Recall our assumption that work does not carry 
any utility (see fn. 4). Without this assumption one 
has to adjust the value of time for the money equivalent 
of the marginal utility (or disutility) of work (see 
Bruce Johnson (1966) and Gronau (1970a)). 
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The maximization of utility subject to 
the ultimate constraint (10) yields the 
familiar optimum conditions 


(11) um = \Pu 
ty = dil 
“ty, = AW, 
and 
ut, = AW, 


where uz(Z:M, H, Lı, L) denotes the 


marginal utility of factor Z, and A is the 
marginal utility of income. 

Given these necessary conditions one 
can generate the demand elasticities for 
market goods, home goods,'‘and leisure. Of 
particular interest are the demand elas- 
ticities with respect to the husband’s and 
wife’s wage rates. The demand elasticity 
for factor Z(Z:M, H, Lı or Ly) with re- 
spect to the husband’s wage rate (ezy,) is ` 


Wily 


Eis 


Wilt, 


` 


CLZ 





(12) EZW, ™ EZI* 


where gz,z denotes the Allen partial elas- 
ticity of substitution between factor Z 
and the husband’s leisure, and ezr» denotes 
the “full income” elasticity of demand.’ 
Specifically, the demand elasticity for the 
husband’s leisure with respect to his wage 
rate is shown by equation (13). 


8 The full income elasticity exceeds the income 
elasticity of demand 
T* 
ezr = F > ezi, 


and equation (12) can also be written 


Wily WiTm, 


ae caer is 


ez, = oLz + 


When the utility function is linear homogeneous ezz = 1 
and 


Wilk 
T* 





ez, = TLZ 


WiT™, 
T* 
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j Wili WiTm, and, consequently, by a decline in the 
(13) snw, = T% FLW T* ELI* amount of time she devotes to the market 


The husband’s elasticity of supply of 
working time is therefore 


L 
(14) am S 
My 


Wily Ly 
=— TE Tg ee 


ELW, 





Since ezz, is always negative and ex,r« 
can be safely assumed to be positive, we 
encounter the familiar result that the 
slope of the labor supply curve depends on 
the relative magnitudes of the elasticity of 
substitution and the full income elasticity 
of leisure.’ 

Similarly, the cross elasticities of de- 
_ mand fcr home goods and the wife’s leisure 
with respect to the husband’s wage rate 
are 





Wily Wilts 
(15) egy, = pa lat T* EHI* 
Wili WiT m, 
ELW = EZ TLL T* €LoI* 


The elasticity of demand for the wife’s 
working time at home with respect to her 
husband’s wage rate (ery,w,) equals the 
demand elasticity for home goods with 
respect to Wil(enw,). If home goods and 
the wife's leisure are competitive with the 
husband’s leisure (i.e., if ozi, ¢z,7>0), 
an increase in the husband’s wage rate 
will be accompanied by an increase in the 
amount of time the wife spends at home 


? When the utility function is linear homogeneous 
the necessary condition for. the backward bending 
supply curve of labor is 


Tx, Tu, 
ennl SS 
| LyL, | Dy To Š Tu, 


sector.!? This is seen in equation (16). 
(16) ETW: = 


Wily La Tu 2 
— Giaa T F. OIH 














I* \Tm, My 
Wills, ( Ls Ta, )} 
-+ EI * + en 
r \ Ty, Lol | Tu, HI 


An increase in the wife’s wage rate in- 
creases both the price of her leisure and 
the price cf home goods, the increase in the 
latter being a function of the share of the 
cost of time in the total production cost of 
home gcods. The demand elasticity of 
factor Z(Z:M, H, Lı, or L) with respect 
to the wife’s wage rate reflects the substi- 
tution elasticity of factor Z for both the 
wife’s leisure and home goods, as well as 
the full income elasticity of this factor 


Wels 


(17) EZW = T* 


TLZ 


WT i 
i*® 





CHZ 


We Tar 2 
JF 





EZI * 


Under the previous assumption that the 
husband’s leisure is competitive with both 
home goods and the wife’s leisure one 
would expect the husband’s leisure to in- 
crease, and hence his supply of labor to 
decrease, as his wife’s wage rate increases. 
This is se2n in equation (18). 


10 This conclusion holds even if the husband’s and 
wife’s leisure are complementary factors and erz, <0 
so long as the elasticity of substitution between the 
husband’s leisure and home goods (ezg) is positive and 
sufficiently large. 
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(18) eTM |W. T 


Li (> 


O LiLa 
T M, 


Tk 
WT u, 
+ na cus) 


I* 


Wo Li 
[* 





CLH 


However, it can be shown that, in general, 
the wife’s supply of labor is more sensitive 
to changes in her husband’s wage rate 
than her husband’s supply of labor is to 
changes in her wage rate. 

The elasticity of the wife’s supply of 
labor with respect to her own wage rate 
depends on the family’s demand for her 
leisure and for home goods. These elas- 
ticities are 


(19) ELW —- a 


and 


11 Comparing (16) and (18) we get 


_— 1 (LWiTs, — 
OP 


W:Tm,) 


Tu, Tair, EE a 





T 


WT 
= ( ia Lier") ! 


If the full income elasticities ez;zxez,* and emr» are 
about equal, ery; > €TyW a Since the husband spends 
more time than his wife in the market and earns more 
than she does. 


WT 
F ( a (Laez + Tanar) 
Ma 
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€HI* 


WT x, WT mu, 
+ ye OHH 7 

The sign of these elasticities is indeter- 
minate since the income and substitution 
effects tend to have opposite effects or the 
quantity of leisure demanded.’* Given the 
income elasticities (ez,r« and enr») and the 
substitution elasticities (¢7,1,, Oy, and 
CHL), the demand elasticities (ez,w, and 
cnw.) depend on the distribution of the 
wife’s time between market and nonmarket 
activities. The smaller amount of time the 
wife spends in the market, the smaller the 
income effect, and since 


La TH? 
(20) eru, w= — | —— P EHW, 


Tm, M, 


the greater the tendency of her supply of 
labor to be positively sloped. Furthermore, 
if the income elasticities of all factors are 
the same (specifically, if EL I* = ELI * = egr») 
one would, from a comparison of (20), (19), 
and (14), expect the wife’s labor supply 
curve to have less tendency to bend back- 
wards than her husband’s, since the wife’s 
earnings constitute a smaller share of full 
income than the husband’s. Put differ- 
ently, if the wife’s labor supply curve 
bends backwards it will do so only at a 
point (i.e., number of hours) which is to 
the right of the bending point of her hus- 
band’s supply curve. 


Case II: Only the Husband Paritctpates 
in the Labor Market 


An increase in family income, whether as 
a result of an increase in the husband’s 
wage rate (W;) or in other sources of in- — 
come (V), is accompanied by an increase 


1 Assuming home goods and the wife’s leisure to be 
normal (i.e., not inferior) inputs and oaz,, CHH, CLL, 
oL,4>0. 
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in the demand for both wife’s leisure and 
home goods. Eventually, the wife drops 
out of the labor market altogether, divid- 
ing her time exclusively between work ai 
home and leisure. The wife’s exit from the 
labor market severs the link between the 
value of her time and her potential wage 
rate (i.e., the wage she could have earned 
had she stayed in the labor force). The 
value placed by the family on the wife’s 
time depends on the value of the marginal 
product of her labor inputs in the produc- 
sion of home goods. The mere fact that the 
wife prefers not to work in the market indi- 
cates that the value of her time exceeds 
her potential wage rate. 

Formally, when the wife is not working 
in the market one cannot treat identically 
the two separate time constraints con- 
fronting the family, i.e., one cannot incor- 
porate both constraints in the ultimate 
budget constraint. The family’s budget 
is unaffected by the wife’s allocation of 
time between work at home and leisure. 
If we still maintain that the husband does 
not wors at home, one can write the bud- 
get constraint as 


(21) Pal? + PxXe = WiTu,+V 
=WiTo—- L) +V 


or alterratively as 
(22) PuM + Pry2.H+Wili=WilotV 


The family, however, faces an additional 
constraint—the wife’s time constraint, 
stating that the time used by the wife in 
the production of home goods plus her 
leisure time cannot exceed total time avail- 
able. 


(23) Tg, -+- Lo = ôH -+ Le = To 


The maximization of utility therefore 
takes place under two separate constraints: 
the budget constraint (22) and the wife’s 
time constraint (23). 
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The cptimum conditions look familiar 


(24) um = AP m 
uy = \AI* 
Ur, = AW, 
and 
uy, = AW 


where II*=);Py+5,W3. However, in this 
case, the value W# placed on the wife’s 
time, and. consequently, the price of home 
goods II* is not exogeneously given, but 
rather determined by the maximization 
process. A change in the parameters (Px, 
Px, W., and V) changes both the optimum 
solution and the price placed by the family 
on the wife’s time and home goods. 

For example, an increase in the family’s 
other sources of income (V) would, in the 
absence of the wife’s time constraint, re- 
sult in an increase of all the four com- 
ponents bf the utility function (assuming 
none of tne four is an inferior input). How- 
ever, given the time constraint the wife 
cannot s:multaneously increase both her 
leisure ard the time she spends in produc- 
ing home goods. The increase in the de- 
mand for the wife’s time results in an 
increase in the price placed on this time. 
The increase in income is, therefore, ac- 
companied by a substitution of the hus- 
band’s leisure and market goods for the 
wife’s leisure and home goods."* The leisure 
of husbands whose wives do not work 
should, therefore, be more sensitive to 
changes in income than the leisure of hus- 
bands wkose wives. work in the market. 
Put differently, the tendency for the hus- 
band’s supply of labor to bend backwards 
should be more prevalent among husbands 


13 The proof is included in an unpublished Appendix. 
The result taat the price assigned to the housewife’s 
time increases with family income is a general one, 
and holds 2ven if one does not distinguish between the 
wife’s leisure and her work at home. The distinction 
is, however, crucial if one wants to explain the different 
participation patterns of husbands and wives. 
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of nonworking wives than emong husbands 
of working wives. 

As for the wife, an increase in income 
results in an increase in the value of her 
time and an increase in the price of both 
her leisure and home goods, the increase 
in the latter being a function of the share 
of the cost of time in the zotal production 
costs of home goods. The demand for the 
wife’s leisure and time induts in the pro- 
duction of home goods is, therefore, af- 
fected by two contradiccory forces: the 
income effect and the substitution effect. 
Since the total time available for the two 
activities remains constant, the increase 
in the price of time must be sufficiently 
large for the substitution effect of one of 
these factors to outweigh -ts income effect. 
Which of these factors, the wife’s leisure 
or her working time at home, will decline 
depends on the part time plays in the pro- 
duction of home goods, the income elas- 
ticities of the two factors and the substitu- 
tion elasticities between these factors and 
market goods and the husband’s leisure 
OMH, CML TH1,, ANd Ory" 

Finally, if the husband’s wage rate W, 
and other sources of income are suffi- 
ciently large, the value placed on the wife’s 
time becomes so large as to make husband- 
produced and wife-prodiced home goods 
equally costly 


(25) Wh=y1Px+6:Wy=y2Px+5.W2 =p 


In this case the husband is called upon to 
help his wife at home. The husband di- 
vides his time between work in the market, 
work at home, and leisure, while his wife 
divides her time between work at home 
and leisure. The wife’s value of time is 
pegged to her husband’s wage rate. 


(26) W3 = (=) Pe + (= 2) w, i 
o Be 


4 The proof is included in an unpublished Appendix. 
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When husband and wife are equally eff- 
cient in the use of market inputs (y1=‘72) 
the wife’s value of time is proportionate to 
the husband’s. The wife’s price of time 
will equal the husband’s wage rate if both 
husband and wife share the same produc: 
tion function. 

In this case an increase in other sources 
of income (V), husband’s wage rate re- 
maining constant, does not change the 
relative prices of goods and leisure. Thus, 
the increase in V should result in an in- 
crease in the demand of all factors. Both 
husband’s and wife’s leisure are expected 
to increase. Likewise, one expects the 
production of home goods to expand, the 
husband taking over some of the work 
given up by his wife. The increase in the 
husband’s leisure and his work at home 
result in a decline of the amount of work 
supplied in the market. 

An increase in the husband’s wage rate 
raises the price of both his and his wife’s 
leisure and the price of home goods rela- 
tive to the price of market goods. The sub- 
stitution effect tends to increase the hus- 
band’s work in the market while the in- 
come effect works in the opposite direction. 
Similarly, one cannot predict the effect of 
an increase in the husband’s wage rate on 
the wife’s allocation of time. It depends on 
the relative change of the price of the 
wife’s leisure versus the price of home 
goods and on the income and substitution 
elasticities of these two factors. 


Il. The Value of the Housewives’ Time 


An empirical estimation of the demand 
for leisure and the supply of work at home 
calls for detailed data concerning the time 
budgets of the various family members. 
The existing published data are too crude 
to provide conclusive results. In the ab- 
sence of data on the nonmarket sector one 
has to make inferences about the. decision- 
making process of the family from its re- 
vealed preferences with respect to work in 


| 
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the market. This subject has been investi- 
gated in the family context, with some- 
what mixed results.* However, one impli- 
cation of our model that has been entirely 
overlooked is the implication of labor force 
participation on the value of housewives’ 
time. 

Over 60 percent of married women in 
the United States are classified as full-time 
housewives (William Bowen and T. A. 
Finegan, p. 88). Thus, the wage rate serves 
only as a very crude indication of the value 
of time for more than one-quarter of the 
adult population. Given the importance of 
the price of time as a determinant of 
housewives’ purchasing, travelling, and 
recreation habits it is of the utmost im- 
portance to get some better estimate of 
the value of time for this population group. 
Such an estimate can be generated from 
the observed data on labor force participa- 
tion. | 

One of the implications of the preceding 
section states that while the value of time 
of working women equals their wage rate, 
the value placed on the time of house- 
wives exceeds their potential wage rate 
and increases with family income. The 
wife’s decision to enter the labor market 
can therefcre serve as an indication that 
in the absence of market opportunities her 
value of time would have fallen short of 
her current wage rate. Similarly, the wife’s 
decision to refrain from entering the labor 
force indicates that her value of time ex- 
ceeds her potential wage rate. 

The rate of labor force participation de- 
pends on the joint distribution of the po- 
tential wage rate and the wives’ price of 
time in the absence of market oppor- 
tunities. Formally, let (W, W*) be the 


6 Kosters estimated the supply of hours of work of 
men aged 50-64, but was unable to produce a positive 
compensated wage rate elasticity. Cain came up with 
estimates of elasticities which have the right sign. How- 
ever, a recer:t paper by Yoram Ben-Porath casts doubts 
on the validity of Cain’s interpretation. 
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joint density function of the potential 
wage MW anc the price of time W*, then 
the participation rate equals 


(27) P = Prob (W > W*) 
== f JW, W*)dWdw* 
—o YW 


The average wage of working women and 
the hous2wives’ average price of time are 
means cf truncated distributions. The 
average wage W equals the expected value 
of W, wkere W exceeds W%, 


(28) W= W| W > W*) 


1 foo) w 
= — Í WEW, W*)dAWaWw* 
F —oY W* l 


and the housewives’ average price of time 
W* is the conditional expectation of W* 
where W* exceeds W. . 


(29) W*=E(W*| W*>W) 
1 oa) ine) 
E ee Í f W*f(W,W*)dW*aw 
1—P -oY W 


A prerequisite for the estimation of W* 
(and the factors determining labor force 
participation) is the knowledge of the 
shape and parameters oi f(W, W*).18 

To estimate W, W*) one has to rely 
on knowledge of the truncated wage dis- 
tribution ¢(W|W>W*) and the portion 
this distr:-bution constitutes of the total 
wage offer distribution, i.e., the participa- 
tion rate P=Prob (W>W*). In general 
one does not possess any information with 
regard tog(W W >W*) beyond the knowl- 
edge of its mean. Thus, one has to replace 
the missing information by a set of as- 
sumptions. I shall assume that W and W* 
are independently distributed and that 
their joint distribution is bivariate norma] 


16 For a more detailed analysis of the problems in- 
volved in the estimation of the determinants of labor 
force participation see Ben-Porath and, in particular, 
Gregg Lewis. 
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2llowops 


2Zlowews 
i 
-exp {- 3 (x? + yt 


where pw and uw» are the mean values, 
and ow and ows are the standard devia- 
tions of the marginal distributions of 
W and W*, respectively, and where 
x= (W—pw)/ow and y=(W*—py+)/ows 
are standardized normal variables. Of the 
two assumptions, normality and inde- 
pendence, the latter is clearly the more 
controversial since it asserts that none of 
the factors determining W (for example, 
education, age, natural ability) affects W*, 
and vice versa. This assumption is, there- 
fore, adopted with mixed feelings, being 
crucial to the estimation procedure. 

Let it be assumed that the mean wage 
rate uy is a sole function of age and educa- 
tion and that the mean price of time uw» 
depends solely on the family’s income. The 
rate of labor force participation within a 
given age-education-income group equals 


(31) P=Prob (W = uw + xow > pet yor 
= W*) = Prob (x> A+ By=y*) 


1 (z) ro) 
oa, Í Í exp { — (2+3?) } dady 
I J oY ye 


where A = (uw+—pw)/ow and B=cy+/owp. 
The average wage rate of working women 
equals 


(32) W = uw + ow 


where! 


1 See the mathematical appendix of Gronau (1973). 
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a z = E(x| x > y*) = 


IIP = J £ exp {-; ae ay dxdy 


2 2 —1/2 
Í ow + ow» 
7 = (2m me) 
P ow 


f 1 (uws — nan 

OP U2 AH oy 

The knowledge of P and W is insufficient 
for the estimation of the four parameters 
of AW, W*), namely Hw, hiv*, Ow and On. 
To estimate these parameters we have to 
adopt two alternative extreme assump- 
tions: 

a) ow=0 and Gw» is PAE =o in- 

come 
and b) ow+=0 and ew is magadat of 
age and education. 

If it is assumed that all women in a 
given age-education group anticipate. the 
same wage rate uy (i.e, ow=9), difer- 
ences in participation behavior of women 
sharing the same market characteristics 
are explained in terms of differences in 
their price of time (see Figure 1). The 
labor force participation rate within an 
age-education-Income group equals 


(34) P=Prob (W*<uy) 


W*— uws uw— uw" 
= Prob (aenar 
Ow Cy? 


57) 
= ——=7Z 
B 


Moreover, since ov =O, the average wage 
rate of working women equals the mean 
value of the wage offer distribution 
Ww = Ly. Thus 


A Hw Bw W — pye 


35) Z= — — = — = 
( ) B Tye Ow 
or alternatively 


(36) W = up* + Lowe 
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Observing that in income group 2, Pa 
percent of the women belonging to poten- 
tial wage group 7 (i.e, age-education 
group 7) participate in the labor force, one 
can (using the tables of the normal dis- 
tribution) generate the values of Z;; satis- 
fying Prob (7<Z,;)=P,;;. Given a suffi- 
cient number of potential wage groups one 
can estimate within each income group 7 


(37) Wiz = a; + OZ; 


the constant term a; serving as the esti- 
mate of the mean value of time uw»: in 
this income group and the regression coefh- 
cient b; serving as an estimate of the 
standard deviation owe;. 

Alternatively, one can assume that dif- 


ferences in participation behavior originate’ 


in differences in wage offers, i.e., the 
standard deviation of the value of time 
distribution within a given income group 
equals zero (ow«=0, see Figure 2). The 
rate of participation within a given age- 
education-income group is 
(38) P= Prob (W > uw») 
W — 
= Prob (: predated 


oW 


SPO 4) 
ow 

By equations (32) and (33) the average 

wage of working women is W = upt iow 

where 
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hw lyr Wt W 


FIGURE 2 


(39) z= E(x|x> y* = A) 





= a f x exp (—zx?)dx 
= 1 1 42 
EN exp (— 3A?) 

since B=0 


Given the value of P;;, one can generate 
the value of A;; and compute the value of . 
viz. Since uy = ups — Arw 


(40) Ws; = pw; + fiyjowj 
= uyr; + (žy — Aglow; 
= uy» + Zyowj 


Assuming that the standard deviation of 
the wage offer distribution does not vary 
among potential wage groups, one can esti- 
mate within each income group 


(41) Wis = a; + bZi 
Again, the constant is an estimate of the 
mean value of time uw»; and the regression 
coefficient b is an estimate of the standard 
deviation of the wage offer distribution oy. 
If one assumes that all women in a given 
income group share the same price of time 
(ow+=0), W* equals uw» and equation 
(41) can be used to estimate the house- 
wives’ average price of time. If, however, 
one adopts the other assumption, i.e., that 
women belonging to the same income-age- 
education group have identical wage ex- 
pectations but may differ in the price as- 
signed to their time, W* exceeds uw» 
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(42) W* = ups + Jows > uw» 
since’® 

(43) J = E(y/y* > x) 


(1 — P)/2il reas 


One therefore has to compute 7, and using 
the estimates of uw» and ew» derived from 
equation (37) one can obtain an estimate 
of the housewives’ average price of time. 

It is worth noting the difference be- 
tween our two assumptions. According to 
the first assumption (ow=0), women who 
work are those who have the lowest price 
of time, i.e., are the least productive at 
home while by the second assumption 
(ow*=0), women who work are those who 
have received the highest wage offers, i.e., 
are the most productive in the market. 
This difference carries over to the relation- 
ship between the housewives’ average 
value of time and the average market 
wage rate. According to the first assump- 
tion, one expects the housewives’ average 
value of time to exceed the average wage 
rate, W*=E(W*|W*>uvy=W)>W. By 
the second assumption W* falls short of 
W, l.e, W= E(W | W> pwe= w*) > w*, Ac- 
tually, it can be shown that these esti- 
mates yleld extreme limits for the mean 
value of time.!° 

Finally, if the size of the sample does not 
allow a very detailed classification of po- 
tential wage groups, the number of ob- 
servations might be too small to allow 
reliable estimates of equations (37) and 
(41). In this case the relationship between 
the mean value of time wy» and income 
I (i.e, hws; g(I;)) must be prespecified. 


18 See the Appendix of Gronau (1973). 

19 See the Appendix of Gronau 1973). I have not been 
able to prove that the first estimate yields an upper 
limit of up». 
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Thus, if, for example, one assumes that 
there exists a linear relationship 


(44) uwi = Go + al; 


one can estimate 
Í 


—m 


(45) W 3; = aq + bil; a beZ 3; 
= * 
Wi = a t+ budi + bli 


where a= est (a), b1= est (8:1), b2 = est (cw), 
and b;=est (ow) 


IV. The Results 


To estimate the value of time of U.S. 
housewives, I used the 1960 Census 1/1000 
sample. To isolate the effect of other adults 
(besides the husband and the wife) on 
home production and the housewife’s 
value of time I focused on primary families 
in households without nonrelatives. The 
sample was restricted to urban white (with 
no Spanish surname) and Negro married 
women, spouse present, and consisted of 
26,530 observations. 

These observations were subclassified 
according to the woman’s race (white, 
Negro), age (less than 30, 30-49, 40-49, 
50+), education (elementary school, high 
school, college and graduate studies), an- 
nual family income when the wice’s earn- 
ings are excluded (income less than $2,000, 
$2,000-$2,999, $3,000-$3,999, . . . , $9.000- 
$9,999, $10,000-$14,999, $15,000-$19,999, 
and $20,000+-) and the existence or non- 
existence of children less than three years 
old. This classification yielded 768 cells 
(= 2x4x4x12x2), 

For each cell, I computed the rate of 
labor force participation (i.e., the per- 
centage of women working or looking ac- 
tively for work in the week preceding the 
census), the average income and the aver- 
age wage of working women. The partici- 
pation measure reflects the wife’s work 
decision with respect to one specific week 
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TABLE 1—EpucaTION, AGE, INCOME, AND WAGE DISTRIBUTIDNS oF URBAN MARRIED WOMEN 
BY RACE AND EXISTENCE OF YOUNG CHED 


No Young One Young 


Whites 
Totals Child 
Number in Sample 24,462 19,244 
Educational Distribution? 
Elementary School 24.5 28.1 
High School 58.3 55.4 
College 16.0 15.1 
Graduate Education 13 1.3 
Age Distribution® 
<30 25.9 14.2 
30-39 27.0 26.5 
40-49 22.1 27.4 
50+ 25.1 31.8 
Average Income” 
Total Population 6,732 6,877 
Working Women 5,861 5,941 
Average (Potential) Wage 
Working Women 2.019 2.008 
Nonworxing Women 2.072 2.083 
Participation Rate 
P .316 361 
Z —0.48 —0.36 


table. 
b Wife’s earnings excluded. 
e Given in percent. 
d Young children are three years of age or less. 


and the analysis is therefore limited to the 
short-run determinants of the housewives’ 
value of time. Likewise, the income mea- 
sured is current income and does not cap- 
ture the effect of permanent income on the 
participation behavior. Finally, the aver- 
age wage variable is far from being ideal. 
The 1960 Census reports the number of 
working hours in the week preceding the 
census week, the number of weeks worked 
in 1959, and the wife’s earnings in 1959. To 
obtain a measure of the hourly wage I 
divided the 1959 earnings by the product 
of the 1960 weekly hours and the 1959 
annual weeks worked and averaged this 
measure over all women working both in 
1959 and in 1960 who belonged to the 
specific cell. Some of the characteristics of 
the women belonging to the sample are 
described in Table 1. 


Nonwhites 


No Young One Young 


Child Total Child Child 
4,079 2,068 1,547 339 
10.8 42.8 47.7 27.7 
68.7 48.8 44.2 61.4 
19.3 7.3 7.0 9.4 
1.3 1.1 1.0 1.5 
65.9 30.6 17.8 63.1 
31.1 29.0 29.6 30.7 
2.9 20.6 26.1 5.6 
0.1 19.9 26.4 0.6 
6,268 3,781 3,822 `- 3,739 
5,070 3,719 3,787 3,216 
2.104 1.528 1.540 1.539 
2.240 1.451 1.329 1.106 
164 437 487 336 
—0,98 —0.16 —0.03 —0,42 


a The total includes also mothers with two children younger than three yeers of age whe are not reported in the 


Equation (45) was estimated separately 
for whites and nonwhites, and within each 
race group for all women, women without 
a child younger than three years old and 
women with one child younger than 
three.” To correct for differences in cell 
size I fitted a weighted regression, the 
weights eing the number of working 
women in che cell ‘i.e., the number of ob- 
servations used to compute W). The results 
of this regression are reported in Table 2. 

Of the =welve regressions reported in 
Table 2, all ere significant (at a level of 
significance of 0.01) except for those relat- 
ing to white mothers with a child younger 


20 OrigineLy, I distinguished between women with 
no child less than three years old, mothers of one child 
less than three, and mothers of two or more children 
less than thr2e. The last group was, however, too small 
to allow the estimetion of equation (45). 
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TABLE 2—-THEr DETERMINANTS OF THE HOUSEWIFES VALUE OF TIME 


a Income is measured in units of $10,000. 
> Young children are three years of age or less. 


than three years old. The coefficients of Z 
and Z* are positive and significant for all 
the remaining ten regressions, but the in- 
come coefficient, though positive as ex- 
pected, is significant only in the case of 
white women. The standard deviation of 
the wage offer distribution is found to be 
in the range of 50-65 cents per hour. The 
standard deviation of the price of time 
distribution is 35-43 cents per hour for 
nonwhites and somewhat lower (22-28 
cents per hour) for white women. An in- 
crease in the husband’s annual earnings of 
one thousand dollars (roughly 50 cents an 
hour) increases the mean value of time of 
his wife by about 8.2—8.7 cents per hour 
when she is white. 

These results are essentially upheld 
when it is assumed that uw» is a linear 
function of the natural logarithm of in- 
come (i.e., uw*=aota, log (I)) or when 
the dispersion of W* is allowed to vary 
linearly with income. The assumption that 
pw is a linear function of log (T) resulted 


Hat =at ak 
Adjusted Constant Income! I Z(z*) 
R a t by t by l 
Assumption I (¢y=0): W=a+bl+b:Z 
Whites j 
Total 0.22 1.608 21.33 0.8688 7.33 0.2782 2.58 
No Young Child® 0.22 1.548 20.31 0.8490 7.12 0.2242 2.31 
One Young Child 0.02 1:612 5.28 0.9586 1.88 —0.0085 —0.04 
Nonwhites 
Total 0,07 1.319 6.46 0.4713 1.01 0.3643 2.81 
No Young Child 0.09 1.287 5.97 0.3697 0.77 0.4261 3.37 
One Young Child 0,20 1.016 2,96 1.5364 1.63 0,3528 34 
Assumption IT (¢,,.*«=0): W =a4b +b" 
Whites 
Total 0,23 1.073 5.26 0.8348 7.35 0.6548 2.67 
No Young Child 0.22 1.146 6.25 0.8198 7.23 0.4994 2.54 
One Young Child 0.02 1.632 4,58 0.9615 1.93 —0.0255 —0.33 
Nonwhites 
Total 0.08 0.885 3.72 0.3993 0.86 0.5409 3.10 
No Young Child 0.09 0.865 3.38 0.3298 0.68 0.5503 3.26 
One Young Child 0.20 0.631 1:72 1.3577 1.43 0.4917 2.38 


in significantly inferior estimates in the 
case of the white women, and did very 
little to improve the explanatory power of 
the regression in the case of nonwhites and 
thus I do not report the results here. 

To estimate the mean price of time in 
the absence of market opportunities (uw) 
of the women belonging to a given age- 
education-income group I computed for 
each cell 


_—_ 


(46) hye = W — beZ 


where it is assumed that gw=0O, and 


(47) pws = W — boZ* | 
where it is assumed that ow+=0. Weight- 
ing each cell by the number of women be- 
longing to the group and summing the 
estimates over all cells yields an estimate 
of the mean price of time in the popula- 
tion. Table 3 presents estimates of uw« 
based on the estimates of gw» and oy (i.e., 
the coefficient b») shown in table 2. 

It is found that the mean price of time 
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TABLE 3—-ESTIMATES OF THE MEAN PRICE OF TIME AND THE HOUSEWIVES’ AVERAGE PRICE 
OF TIME BY RACE AND EXISTENCE OF YOUNG CHILDREN 


Whites Nonwhites 
No Young No Young One Young 
Total Childe Total Child Childe 

Labor Force Participation? 31.6 36.1 43.7 48.7 33.6 
Average Potential Wage 

All Married Women (Wr) 2.058 2.058 1.504 1.443 1.415 

Working Women (Fy) 2.019 2.008 1.528 1.540 1.539 

Housewives (Wz) 2.077 2.086 1.492 1.365 1.382 
Assumption I (o7=0) 

Mean Price of Time (pyy*) 2.199 2.144 1.544 1.427 1.518 

Income Elasticity of pyy» (ey*;)) 0.27 0.27 0.12 0.10 0.38 

Housewives’ Price of Time (IV’*) 2.373 2.315 1.822 1.741 1.734 

W*/War 1,14 1.11 1.22 1.28 1.26 

W*/Wy 1.18 1.15 1.19 1.13 1.13 
Assumption I (epy+=0) 

Mean Price of Time (ur) 1.631 1.713 1 O71 0.966 1.047 

Income Elasticity of uy» (ep=*r) 0.34 0.33 0 14 0.13 0.48 

Housewives’ Price of Time (W*) 1.664 1.757 1 100 0.950 1.055 

W*/Wa 0.80 0.84 0.74 0.70 0.76 

W*/Wr 0.82 0.87 0.72 0.62 0.69 


* Young children are three years of age or less. 
b Given in percent. 


cf white married women exceeds that of 
nonwhites by 40-50 percent (the difference 
is even larger when one compares white 
women with no child younger than three 
years of age with the corresponding non- 
white group). Only part of the difference 
between these two means can be explained 
by income differences. The average in- 
come of a white family (wife’s earnings 
excluded) exceeds that of a nonwhite fam- 
ily by almost 80 percent ($6,732 vs. $3,781). 
(See Table 1.) Income seems to have a 
more substantial effect on the price of 
time of white women than on the price of 
time of nonwhites (the exception being 
nonwhite women with young children). 
Computing the elasticity of the price 
or time with respect to income (ewer 
=b;(1/uy+)), the estimate in the case of 
white women is 0.27-0.34 while that of 
nonwhites is only 0.12-0.14 (see Table 3). 


21 This difference in elasticities can be interpreted as 


Even if on2 adopts the highest of these 
estimates, income can explain at most one- 
half of the cifference between the white 
and nonwhite mean price of time. To ex- 
plain the other half, one has to rely on 
variables whcse effect on W* has not been 
investiga-ed in this study, such as family 
composition, and the age and education of 
the husband and the wife. For example, 
Table 1 indicates that the nonwhites are 
more heavily concentrated in the lower 
age and education groups. If age and edu- 
cation increase the productivity of the 
woman in the nonmarket as well as in the 
market sector, this difference should result 
in a lower mean value of time of nonwhites 
as compared with white women. 


an increase :n the sensitivity of the price of time to 
changes in income as income increases. It is difficult, 
however, to explam: in this way the high value of ey«; 
observed in the case of nonwhite mothers of young 
children. 
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The attempt to examine the effect of 
young children on their mothers’ value of 
time was only partly successful. I could 
not derive meaningful estimates of the 
parameters of f(W, W*) for the case of 
white women with one child younger than 
three years of age, and the analysis must, 
therefore, be confined to the nonwhite 
group.” 

The difference between the price of time 
of nonwhite women with one young child 
and the price of time of women with none 
is relatively small (6-8 percent). Given 
the small difference in family income of 
the two groups (about 2 percent), this dif- 
ference would have been only slightly af- 
fected had we corrected our estimates for 
income differentials. There is no way of 
evaluating how this difference would have 
reacted to an adjustment for age and edu- 
cation. Mothers of young children are, 
naturally, concentrated in the younger 
and more educated cohorts. The differ- 
ences in age composition and education 
composition tend to offset each other in 
their effect on the woman’s market pro- 
ductivity (the potential wage of the two 
groups is almost identical). Thus, there is 
good reason to believe that an adjustment 


for age and education would not have. 


changed the observed order of magnitude 
of the child effect. 

Assuming ow+=0 the estimate of the 
average price of time of housewives be- 
longing to a given age-education-income 
group (W*) equals the mean price of time 
of married women in that group (u+). To 
obtain an estimate of the average for the 
whole population one has to compute a 
weighted average of these estimates, the 
weights being the number of housewives 


z One cannot derive any conclusions from the com- 
parison of the estimate of uw» for all whites and that 
for whites with no young children less than three years 
of age since the former is not a weighted average of the 
estimates of up» of whites with young children and py+ 
of whites without young children. 
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in each cell. The average W* must not 
necessarily equal the average value of uwe 
because of different weighting schemes. 
The estimate of W* usually differs from 
that of uw» insofar as the portion house- 
wives constitute of married women varies 
from cell to cell. 

When it is assumed that ow=0, one has 
to compute (42) and (43) to obtain an 
estimate of the housewive’s average price 
of time for each cell. Weighting these esti- 
mates by the number of housewives in 
each cell one obtains an estimate of W* 
for the whole population. Our estimate of 
W* are described in Table 3. 

Assuming that all women belonging to 
the same cell expect the same wage rate 
(i.e., ow=0), it is found that the house- 
wives’ average price of time exceeds their 
average potential wage rate by 14 percent 
when they are white, and by 22 percent 
when they are nonwhite. The white non- 
white differentials are explained by the 
somewhat higher estimate of ow for the 
nonwhite women, and reflect the different 
rates of participation resulting in different 
value of 7. The margins between the price 
of time W* and the potential wage rate 
Wy are only a little higher if one compares: 
nonwhite housewives with young ckildren 
with housewives with none. 

If one adopts the second assumption 
(i.e., ows=0) the housewives’ average 
price of time is expected to fall short of 
their average potential wage rate. The 
value of time of white housewives is found 
to be 80 percent of their potential wage 
rate while that of nonwhites is 74 percent. 
The margins for nonwhites with and with- 
out children are very similar (70 and 76 
percent, respectively). 

The preceding comparisons focused on 
the relationship between the pzice house- 
wives assign to their own time and what is 
believed to be their wage expectations. A 
more ready available basis for comparison 
is the average wage of working women. 
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This average wage differs from what is 
assumed to be the housewives’ average 
potential wage because of the different 
age and education composition of working 
and nonworking women. 

There is only a very small difference 
between the average wage of working 
women (Ww) and that of housewives 
(Wx) both in the case of white and non- 
white women. However, since the former 
exceeds the latter in the case of nonwhites 
(by about 2 percent) but the relationship 
is reversed in the case of whites (the mar- 
gin being less than 3 percent), the differen- 
tial between the ratio of W*/W w of whites 
to nonwhites observed under the assump- 
tion oy = 0 disappears when one uses as the 
basis of comparison the average wage of 
working women (W*/Wyw being 18-19 
percent). On the other hand, these differen- 
tials widen if one assumes ow+=0(W*/Wy 
for whites increasing to 82 percent and 
W*/Ww for nonwhites dropping to 72 
percent). 

The effect of a change in the basis cf 
comparison is somewhat more pronounced 
if one compares nonwhites with and with- 
out young children. The average wage of 
a nonwhite working woman with no young 
child is almost identical with that of a 
working woman with one young child. The 
average wage of a working woman exceeds 
the housewife’s potential wage by 11-13 
percent. The difference between W* and 
Wn reported in the case of nonwhites 
(when it as assumed ow=0) is, therefore, 
cut by one-half when one compares W* 
with Ww. On the other hand, the margins 
increase if one assumes oyw«=0, the ratio of 
W*/W w falling to a level of 0.6-0.7. 


V. Some Concluding Remarks 


A common practice is to equate the 
value of time of housewives with that of 
working women. Given our estimates 
under two extreme assumptions this prac- 
tice may involve an error of the magnitude 
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of close to 2C percent in the case of white 
housewives and an even larger margin of 
error in the case of nonwhites. One should 
realize that this margin varies with the 
housewife’s characteristics (for example, 
her age, education, Income, number and 
age composition of children). Its magni- 
tude depends on the divergence of the 
wage rate of working women from the po- 
tential wage of the nonworking and the 
relationship between the housewives’ aver- 
age price of time and their expected wage. 
Thus, it seems that the possible error in- 
curred in the case of nonwhite women is 
much larger, and may involve an overesti- 
mate of W* af up to almost 50 percent. 
In another paper (1973), I applied very 
similar methcds to estimate the value of 
housewives’ time in Israel. The labor force 
participation rate of Israeli married wo- 
men in 1969 (36 percent) is somewhat 
higher than the one reported for whites in 
our samp-e (32 percent). Assuming ow=0 
the estimated coefficient of variation of 
the price of time distribution (ows/uws) is 
almost identical for the Israeli and white 
American women (14 and 13 percent, re- 
spectively). Cansequently, the ratio of the 
mean price of time (fw) and the average 
potential wage (Wr) is almost the same 
in the two groups (1.08 and 1.07, respec- 


tively). The income elasticity of W* is 


somewhat higher for Israeli women (0.36 
vs. 0.27). 

The similarity in results is less pro- 
nounced if one opts for the assumption 
Crve=0. The ratio of gw to My is greater 
for American women than for the Israeli 
(0.24 vs. 0.14) resulting in a lower 
uw»/Wpr ratio for the first group (0.8 vs. 
0.9). The estimate of ews, is still higher in 
the Israeli case (0.46 vs. 0.34). 

The similarity of some of these results 
may be comforting but one has to bear in 
mind the limitations of our model. The 
assumption that the price of time is unaf- 
fected by changes in age and education is 
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clearly too restrictive. Attempts to remove _ 


this assumption according to the lines sug- 
gested in my earlier paper have proven to 
be unsuccessful. As shown by the com- 
parisons of whites and nonwhites, and 
women with and without young children, 
the relaxing of this assumption is crucial 
for the understanding of the determinants 
of the price of time. The use of disaggre- 
gated data may offer a solution to this 
problem but may involve some other diff- 
culties. 

Finally, our procedure is based on the 
implicit assumption that work in the 
market and home production do not in- 
volve any direct utilities. Even casual ob- 


servations would indicate that this as- 


sumption is wrong. Recognizing the short- 
comings of these estimates one has to end 
this paper with an adequate warning: 
“Fragile! Handle (the estimates) with 
care!” 
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Transactions Costs, the Wage Rate, 
and the Demand for Money 


By DEAN S. DUTTON AND WILLIAM P. GRram* 


Recent work on the demand for money 
has focused on the productivity of money 
in yielding services (see Thomas Saving, 
Jürg Niehens, and Karl Brunner and Allan 
Meltzer). In the models of Saving and 
Niehans the use of money reduces transac- 
tions time. From such models the tradi- 
tional results can be derived which em- 
phasize the volume of transactions and the 
interest rate as determinants of the de- 
mand for money. However, if the use of 
money saves transactions time, it in- 
creases the amount of leisure. This sug- 
gests an additional determinant of the de- 
mand for money, the consumer’s valuation 
of time, i.e., the wage rate. Not only does 
the demand for money depend on the 
transacting to be undertaken and the cost 
of holding money but also on the valua- 
tion of the resources which the use of 
money saves. In equilibrium the marginal 
valuation of an hour of leisure must be 


therefore in a change in the relative price 
of the two ways of purchasing leisure and 
thereby produces both an income and sub- 
stitution effect on the demand for money. 
There is thus a relation between the wage 


rate anc the demand for money inde- 


pendently of changes in income. From our 
analysis it follows that the demand for 
money is not determined by but is simul- 
taneously determined with the volume of 
transactions to be undertaken and the 
level of income. 

The recogrition of the leisure time valu- 
ation effect of a wage rate change yields 


, both empirical and theoretical implica- 


equal to the wage rate. From the assump- 


tion of money’s usefulness in reducing 
transactions time it follows that a unit of 
leisure may be purchased either by reduc- 
ing work or by increasing money balances. 
Thus in equilibrium the consumer holds 
just that level of money balances at which 
the marginal cost of purchasing an extra 
unit of leisure via an increase in money 
holdings would be equal to the wage rate. 
A change in the wage rate, given the op- 
portunity cost of holding money, results 

* Brigham Young University and Texas A&M 
University, respectively. We are indebted to Thomas 
Saving for sugzestions and criticisms during the various 
stages of the evolution of this paper. George Borts and 
an anonymous referee have also made significant con- 
tributions to the paper. We also acknowledge the sup- 


port of a Brigham Young University Research Grant 
and a Texas A&M Foundation Grant. 
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tions. Fer example, the realization of the 
presence of a leisure time valuation effect 
in the demand for money offers additional 
insight ir.to the empirical criteria required 
to confirm economies of scale in transac- 
tions balances. Further the leisure time 
valuatior. effect ot a change in the wage 
rate produces a previously neglected effect 
which alters the macroeconomic adjust- 
ment process. Such an effect functions 
both in the traditional adjustment mech- 
anism where wages and prices are flexible 
and in the so-called disequilibrium context 
where traditional adjustment processes do 
not function. In the disequilibrium model 
the leisure-pzice substitution effect pro- 
vides a theoretical basis for previous asser- 
tions about disequilibrium economic be- 
havior and produces adjustment toward 
equilibrium even in the absence of the tra- 
ditional ecjustment mechanism. 


I. The Model 


To preserve the dynamic aspects of 
intertemporal utility maximization and 
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yet maintain simplicity, let us assume the 
consumer behaves so as to maximize 


(1) U = U(c,1, a) 


where U is total utility attainment, c is 
consumption during the period, / is the 
amount of leisure time taken in the period, 
and a is the real value of assets held at the 
end of the period. The assets held at the 
end of the period form a proxy for future 
consumption and leisure. 

The consumer faces an income con- 
straint (2) and a time constraint (3), 


(2) y= wl 
(3) |e ee ge | 


where y is income, w is the wage rate, L is 
the amount of time spent working, and T 
is the amount of time spent transacting. 
_ Equation (3) states that the three usages 
of time are mutually exclusive and that 
their sum exhausts the interval which is 
arbitrarily defined as 1. 

We assume that there are four assets 
which the consumer can hold; #, the aver- 
age stock of money; J, the average stock 
of earned income or produced goods; č, 
the average stock of consumption goods; 
and 6, bonds which yield rate of interest r. 
Those assets not held in the form of ñ, 
ï, or č are then invested in bonds and earn 
interest. For simplicity let us assume that 
income, and consumption occur continu- 
ously over the time interval and that in- 
terest is earned for the portion of the 
interval during which bonds are held. All 
arguments of the utility function and the 
= constraints are stated in real terms so that 
the real value of assets at the end of the 
period is 


(4) a=(y—¢) 


1 
‘ J (1-1) (y—e)dtt(1-4r) a0 


' 


1 
— E(t f (1—Houdt) 
i 0 
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where the subscript 2 identifies 7, ¥, or č 
and the variable z measures their quantity; 
dy is equal to initial assets; and ô; is the 
real holding cost on the zth stock. The 
value of assets held at the end of the pe- 
riod is equal to total income earned during 
the period minus total consumption during 
the period, plus the interest earnings ‘or 
payments during the period on the dif- 
ference (y—c), plus the capitalized value 
of initial assets, minus the sum of interest 
lost on the average level of stocks held, 
minus the storage costs of hclding the 
stocks including the interest lost on the ô; 
payments which are assumed to be paid 
continuously. The time spent in transact- 
ing may be formulated as! 


(3) T = TQ, c, ñ, J, č); 
AE e E Er A: 
Given w, 7, Gs, 6; the consumer chooses c, 


l, t, y, m, ¥, č so as to maximize utility. 
The function to be maximized is 


(6) V = U(@,1, a) 


-aafe 


+ (1 + r)a 


rate (+) 


E rely a w[i Enp Ty, c, M, 


(3 = mn, y, Č) 


yei 
“I 
Nee 
_— 
ee 


The first-order conditions for the maxi- 
mization of (6) are 


(7) (a) Ue = y(i 4+ A awT, 


x(1 n A [1 + w(T, + T.)] 


2 1+ wT, 

1 See Saving’s analysis of the transactions time func- 
tion for the general properties of equation (5). As in 
Saving’s analysis, bonds do not enter the transactions 
time function, and they are assumed to have no holding 
costs. These assumptions are made for simplicity pur- 
poses since we wish to focus attention on monev. 
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u(1+2 
1 =) 


(b) Ui = AoW = : 
~- 1+4T, 
(c) Uz = Ai 


(d) a(t + *) = e(1 + wT,) 





ow 1 a 
() -E 
At 1+ wT, 
_ r 
[r+ (143) 
A 
9 — MowTy ope (1 +3) a 
Ài 1 + wT, 
T 
= [r+ (1 +3)>] 
r 
Aqw Ts (1 +) a) 
Cee Se 


The terms on the right-hand side of (7a) 
and (7b) are equal to M times the relative 
opportunity costs of consumption and 
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fies that the marginal utility of consump- 
tion must equal its opportunity cost in 
terms of the marginal utility of asset 
acquisition foregone and the transactions 
time cost :ncurred valued at the wage rate. 
Equation (7b) requires that the marginal 
utility of lsisure equal the wage rate valued 
in terms cf the marginal utility of end of 
the period assets. Equation (7c) defines `; 
as the marginal utility of end of the period 
assets, anc (7d) yields the relation between 
` and M. Equations (7e), (7f), and (7g) 
require that the marginal returns to hold- 
ing averaze stocks of money balances, 
goods procuced and goods consumed equal 
the respeczive opportunity cost of holding 
the noninterest bearing stocks in terms of 
the interest earnings foregone and holding 
costs incurred. The term (1+ w7,) in de- 
nominators of a, b, e, f, and g reflects the 
fact that the transactions time saved can- 
not be ertirely. converted into income, 
given fixed stocks, because increased in- 
come requires increased transactions time. 

Equations (7) and (4) plus (3) and (5) 
substituted into (2) make up nine equa- 
tions in nine unknowns with six parame- 
ters. Solving for the optimum money 
stock m, the demand for money can be 
written as 





leisure, respectively. Equation (7a) speci- (8) ih = mw, r, do, Ôm, 57, 2) 
(9) ^i 
dc — AT: Q 0 
2 
dl 0 Ao 0 0 
da 0 0 0 0 dr 
A dw 
Aldy |= m Mar, 0 0 ig 
2 dao 
di AxJ1+6;/2] holy QO M[1+r/2]| Lds; 
d| |—[(y-~c)/2+a9— D> (1+6./2)i]. 0 =at (+r) 
dds 0 [1—1—T(y, c,i)] 0 0 
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The derivatives of (8) can be derived by 
totally differentiating the system of equa- 
tions (7), (4), and (2) after substituting in 
(3) and (5). The differentiation yields the 
system shown as (9), where A is the 9x9 
matrix shown as (9a), and 7, t=, J, č. 
Solving for the changes in # with respect 
to changes in the parameters, we have the 
system shown as (10), where D is the de- 
terminant of A in (9a) which is assumed 
to be negative definite as a condition for 
maximization, and D,; is the cofactor of 
the ith row and 7th column, 

In order to specify the nature of the 
derivatives of the demand for money func- 
tion both to clarify the source of the vari- 
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Oee— a Tee Ua ea: — AWT cy — Nol ce a (1+7r/2) —wT, 
° Ute Uu U ta; 0 0 0 a WY 
Uae Ua Tare; 0 0 _ 1 0 
(9a) — ow Ty 0 0 — AWT yy — MW T yi (1+7/2) —(+wT,) 
—hewT; 0 0 —owT jy — wT; —[r+(1+r/2)6;| —wT;. 
—(1+7r/2) 0 1 (14+7/2) —[r4+(1+r/2)8:] 0 0 
—wil, — W 0 —(1+wT,) —wT; 0 0 
(10) ( ) Om Aol Den Ao Diz hel, Dum Aol 2Dam Aol 5 Dex el sDax 
| + Sy D D D D D D 
[1 — l — T(y, c, M, 9, €)] Daya 
E E A ak i da 
D 
ðm — (1-7) Dis 
(b) —— = ( gi ) AX 
Oty D 
z ñi MDa MDa M + 83/2] Dza Mi + 65/2] Dm 
cC a eee + > —————— 
or D D D D 
—c)/2+a—- 1+ 6;/2)i} Dn 
D D 
Om ` (1 at 1/2) Dy (i + r/2)7Dy m 
(d) — == MME gyi) 


ous disturbances and to sign the derivates, 
it is helpful to associate the terms of the 
equations of (10) with effects atout which 
we can make some assumptiors. In this 
frame of reference, let us gauge the change 
in the choice variables with respect to a 
change in 6% the real cost of holding money. 
Solving for the change in the Ath decision 
variable with respect to ĝm 


ak a(t + 1/2) Daw 
Oonm 7 D 
4 (1 + ne 


(k = Cy l, Gis Y, M, F, é) 


(11) 
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Note further that 


(12) A OO ON 
a[(1 + r)a] D 

„where (1-+7)ao is the end of period capi- 
-talized value of the stock of initial real 
assets. Thus a change in the holding cost 
oI money produces an income and substi- 
tution effect on the decision variables. The 
income term is the capitalized compensa- 
tion required to maintain the consumer at 
the same level of utility attainment after 
ôn changes. 

The change in transactions time with re- 
spect to a change in the holding cost of 
money balances may be stated in utility 
constant form as 


OT oy dc 
9 (DE 
n/a OOn/e OOm/ a 
am ay 
(2) -0(2) 
n/a Oon/a 
ð 
+n) 
O6m/ u 


Noting from (7d) that \y=Ao(1+wT,)/ 
(1+r/2) and inserting the substitution 
effect terms from (11) into (13) 


(14) (—) (1 i T` (=E 
e = wW 1 ————— 
ala “D 


Ym u 


TA\2Dme TaM Dan. 
D D 
Led2Demw | Tyde Dim 
a 


The last term of (10a) is an income effect 
term. This may be seen by adding a shift 
parameter r to the income function in the 
second constraint of (6) and solving for 


ðm/ðr=Dya/D. Using the results of (14). 


and substituting from (13), (11, k=1) and 
noting the presence of the income effect 
term produced by a parallel shift in the 


constraint, (10a) can be written as 
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ðm 1 
(15) — = ————_ 
ðw (14+ wT,) 


\Woasa/z \08x/a 
om 
T [1 sags T(y, c m, 7, €-)] — 
On 


which expresses the derivative of the de- 
mand for money with respect to the wage 
rate in terms af the weigated sum of three 
other derivacives. ‘The sum (07/06a)z 
+ (d1/06%)z is proportional to the substitu- 
tion effect of a change in the wage rate 
and 0m/Gz is proportional to the income 
effect. Since tie weights are positive it re- 
mains only to.3ign the two terms (07 /06z)z 


+(01/déa'z and ðôm/ðr in order to deter- 


mine the sign of dm/dw. 

Assuming the normality of goods and in- 
puts 0m/Cwr >). The increased demand for 
both consumption and leisure as income 
or assets increase creates an increase in 
the derived cemand for money through 
the transacticns time function. First, in 
order to satisfy the increased demand for 
leisure the consumer will reduce work and 
reduce transactions time oy holding larger 
money balances. Second, in order to con- 
sume more—which affects transactions 
time positively—without enjoying less 
leisure the consumer will work less and 
hold larger money balances to offset the 
effect of increased consumption on transac- 
tions time. 

Holding utility constant, an increase in 
ôm which increases the cast of purchasing 
leisure via rnoney holdings, will induce the 
consumer to reduce his consumption of 
leisure and increase desired consumption 


of goods and_holdings of end of period 


assets. Transactions time will increase 
first, because money, one input in the 
transactions time function, has become 
relatively more expensive (recalling that 
dT/dm<0), -znd second because con- 
sumption has increased (recalling that 
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dT/dc>0). Therefore (0T/06%)a>0 and 
(01/d6a)a<0. Since the increase in the 
holding cost of money increases the cost of 
obtaining leisure by reducing transactions 
time relative to the cost of obtaining lei- 
sure via reduction in work time, there will 
be a substitution by the consumer of work 
time for transactions time in purchasing 
his desired level of leisure. That is, because 
of the change in the relative price the con- 
sumer will reduce work time and increase 
transactions time. Therefore (01/063); 
<0. Noting that (0T/08s)g+(0l/06a)% 
+(dL/d6%);=0, it then: follows that 
[(8T/86x)a+(0l/d8a)z]>0 and conse- 
quently ðm/ðw>0. Given our assump- 
tions, then, it follows that both the sub- 
stitution effect and the income effect of a 
change in the wage rate are positive. 

The normality of the arguments of the 
utility function and the transactions time 
function makes 0m/da)>0. A rise in assets 
causes a rise In consumption of goods but 
by normality the consumer is loath to de- 
crease leisure so he holds larger money 
balances and works less. A rise in assets 
will thus cause a rise in money holding. 

The terms of the derivative of money 
balances with respect to’ the interest rate 
can be identified and partially signed by 
substituting the relations derived by trans- 
formation (11) and formulation (10b) into 
(10c). After such substitution 


om 2+ ba\/Oom 
0) = aa a 
or 2+47r/\d6n/a 
2+ 2 
i € + r /\ðôz/z 
2+ ôz\/ 0€ 
‘aa 
2Z2+7/\06n/z 


rs 1 (= 2.) 
2+ r\06m oOn/7 
1 [> ei) 
(1+7) 2 














+ 








+ to 
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— Da +5/2)i | 


The first three terms of (16) are the sub- 
stitution terms produced on the stocks 
held by a change in the cost of holding 
money. Assuming own price dominance of 
the three effects will not assure the dom- 
inance of the first term since each term is 
weighed by its holding costs. The value of 
(0M/O6a)z is negative, and the values 
(0%/O6m)qz and (0é/d6%)z are positive or 
negative depending on whether 7 and J, 
é are substitutes or complements. The 
second substitution effect is the effect of a 
change in ôx on consumption and income. 
A rise in 64 makes transacting more ex- 
pensive and reduces both purchases (c) 
and sales (y) made by the consumer. If the 
impact of a rise in 64 is symmetric, the 
substitution effect of a change in 6, is the 
same on both ¢ and y so that the second 
substitution term is zero. Assuming the nor- 
mality of money holding 0%/da,>0, while 
the sign of (y—c/2)+ao— >>; (1+8,/2)4 
(the derivative of the a, with respect to r), 
is positive, negative, or zero depending on 
the relative magnitudes of (y—<), co, MH, 
F, ë, Ôm, ôy, and bz. 

There is thus a negative own price sub- 
stitution effect, indeterminate cross price 
substitution effects, indeterminate trade 
effect, and indeterminate income effect 
produced on the demand for money when 
the interest rate changes. The own price 
substitution effect of a rise in 7 makes 
money more expensive to hold and causes 
m to fall. The cross price substitution ef- 
fects alter the holding of stocks of substi- 
tutes and complements. The trade effect 
alters sales and purchases and its sign 
depends on whether c or y is more affected 
by a change in ôw. How a rise in ¢ effects 
wealth and by normality affects the de- 
mand for money depends on the composi- 
tion of a, and the sign of { [(y—c)/2]+ao}. 
A rise in the interest rate raises the holding 
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cost of the noninterest bearing stocks held 
and lowers wealth. The impact of a rise 
in the interest rate on { [(y—c)/2]+ao} 
depends on whether the individual is a net 
creditor or debtor. If he is a net creditor 
‘debtor) z rise in the interest rate raises 
(lowers) his wealth. Therefore, for the net 
debtor the income effect of a change in the 
interest rate is negative, and for the net 
creditor it may be positive, negative, or 
zero depending on the composition of his 
portfolio.” 

A change in the holding costs of assets 
produces both an income and substitution 
effect on the demand for money as shown 
in (10d). As assumed in (10b), —Dy,%/D 
>0 so that the income term of (10d) is 
negative. This can be seen by noting that 
a rise in the price of a stock increases the 
price of leisure and lowers wealth. In the 
own price case where z= ñ the substitution 
term must be negative as a condition for 
maximization. When z= 4, é the sign of the 
substitution term of (10d) depends on the 
assumed relation between m and # or č in 
the transactions costs function.’ 


II. An Empirical Note 


The demand function for money gen- 
erated by the above analysis (8) states the 


2 The above analysis follows only if debts are recon- 
tracted each time the interest rate changes. Given 
recontracting holders of bonds as net creditors incur a 
rise (fall) in wealth as the interest rate rises (falls). If 
debts were not recontracted the market value of exist- 
ing bonds would fall (rise) as the interest rate rises 
(falls). 

3 It is easily shown that the cross price substitution 
effect depends on the production relation in the trans- 
action time function between # and 4, č. Note for exam- 
p-e that 

on Mill -+ r/2) Dim 4 (1 + 7/2) Dya 
067 D D 
sc that 
MA + 1/2) Dim (=) 
D 065 / a 
which is positive if yand m are substitutes and negative if 
they are complements. 


f 
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demand for zeal money balances as a func- 
tion of the real wage, the interest rate, the 
real value of assets and real storage costs 
on goods produced, goods consumed, and 
money. Since suitable data are not avail- 
able for storage costs, the empirical speci- 
fication of (8) is limited to the real wage 
(w), the interest rate (7), and the real value 
of initia. assets (a). Assuming away dis- 
tributior. effects we may aggregate over 
individuals’ demands for money. Such 
aggregation eliminates the income effect 
of a change in the interest rate on internal 
debt.* Since the theoretical analysis above 
is cast in terms of a general equilibrium 
system the standard assumption is made 
regarding the equality of the real money 
stock and the demand for real balances. 
The logic of such an assumption is that 
while scciety does not determine the 
nominal stock of money it holds, it does 
determine the price level and thus the real 
money stock. Further, the ratio of the 
money stock held by consumers to the 
total stock is assumed fixed so that data 
on the total monev stock can be employed 
in the tests below. 

The demar.d function to be estimated is 
assumed to b= linear in the logs of its argu- 
ments sc that the equation to be esti- 
mated is 


(17) Inf. = In bo + biln w: + Bolan, 
+ baln as + u, 


where u, is assumed ~N (0, o?). In esti- 
mates of equation (17), three different 
definitions of the interest rate and four 
different definitions of the real value of 
assets were employed. Short-, intermediate- ~ 
and long-term interest rates were defined 


4 Public d2tt cen be treated as internal debt if indi- 
viduals take acccunt of the impact of the burden ot 
interest payments on the public debt on future taxes or 
the flow of government services. In the empirical 
analysis belew, government dett is not counted as part 
of national wealth so that the expected sign of the 
income term of (10c) is negative. 





j Fa Es 
-ri 
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5 A 
ga f 
as follows: mates of equation (17) after aia 


rı (short term) =rate on prime commer- 
cial paper (4-6 months), 
ra (intermediate) =rate on short-term 
business loans, 
r (long term)=Moody’s AAA bond 
yields. 
Four definitions of the real value of assets 
were generated by assuming.that the flow 
of services yielded by government assets 
are valued by the consumer either at par 
with the flow of services from private as- 
sets or at zero. Demand deposits net of re- 
serves were assumed to be either net addi- 
tions to total wealth or pure inside money 
which is the debt of the issuer. Thus 


Ar — Mos + Cre + Da 


18 a, = 
(18) 1 . 
Ar — Ms + My 
Qa, = 
P 
P _ Ar~ Á+ Crp + Da 
i P 
P 2a 
aa = mee 
P 


where Áp is total nominal nonmonetary 
wealth, M, 5 is the nominal value of mone- 
tary gold and silver held by the govern- 
ment, Cp is the nominal value of currency 
held by the public, De is the nominal value 
of demand deposits held by the public, M, 
is the nominal monetary base, A, is the 
nominal value of government assets, and P 
is the price level. 

Initial estimates of (17) using 7; and a; 
yielded Durbin-Watson statistics which 
indicated the presence of significant posi- 
tive autocorrelation. Employing a two- 
step Orcutt procedure (see Donald Coch- 
rane and Guy Orcutt) adjustments were 
made to eliminate the autocorrelation in 
the residuals.’ Table 1 presents the esti- 


ë Assuming a first-order autoregressive disturbance 
structure 


have been made for autocorrelation;. and-<y 
the preadjustment Durbin-Watson,, stat. 
tistics. 

The most consistent result found in 


‘Table 1 is the statistical significance of w 


in all equations estimated. The coefficient 
of the wage rate is positive and statisti- 
cally significant at. the 1 percent level or 
better in every equation, regardless of the 
definition of the interest rate anc real as- 
sets employed. Since equation (17) is esti- 
mated in the logs of its arguments, the 
coefficients of w in Table 1 are the wage 
rate elasticities of the demand for money. 
The elasticities vary from 1.27 when 7, 
and a, are the assumed interest rate and 
asset level definitions to .76 wher. rs, a or 
73, dz are employed in the test equation. 
The sign of 7; is negative in all equations 
and statistically significant at the 1 per- 
cent level or better in four equetiors, in 
all of which r, the long-term rate, was em- 
ployed. The coefficient of the interest rate 
is statistically significant at the 5 percent 
level when the intermediate-term rate is 
employed. When the short-term rate is 
employed the coefficient of ¢ is statistically 
significant at the 5 percent level in one 
equation and at the 10 percent level in the 
other three equations. The superiority of 
the long-term rate in producing a signifi- 
cant coefficient for r is compatible with 
other studies of the demand fcr money 
which have used the long-term rate 


tbe = pty. F €t 


where e,~NV (0, o*), p is gauged as follows 


» EM wey 
> el 
feet” 
Equation (17) is reformulated as 
In Ri — Bln Mi = In Boi — p) + Bln w, — pin wim) 
+ Bella ria — Bln ritmi) 
+ Blin aje — Blt Gjt) + é: 
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TABLE 1—EstTIMATES OF EQUATION (17) EMPLOYING THREE DIFFERENT DEFINITIONS 
OF r AND Four DIFFERENT DEFINITIONS OF 2 UsinG U.S. ANNUAL 
DATA FOR THE 1919-58 PERICD 


Coefficients of 
r,a ss 
Identification Constant w 7 a Rr d 
rl, G2 0.46 +1.11 —0.07 —0.40 . 800 0.43 
l (0.30)° (0.04)? (0.25)° 

f2 a 0.18 F085 —0.21 —0.45 .607 0.30 
(0. 28) (0.11)? (0:22). 

T3, @1 0.17 +0.76 —0.49 +0.35 .604 0.30 
(0.27)5 (0.16) (0.20) 

fi, Ge 0.61 +1.27 —0.06 +0. 26 . 800 057 
(0,29)8 (0.04)° (0.25) 

T2, O2 0.28 +1.00 —0.22 +0.34 .642 0.36 
(0.27) (0.10)? (0.22). 

13, Qe 0.23 +0. 86 —0.51 +0.27 .620° 0.31 
(0.26)° (0.16) (0. 20)° 

1, G3 0.27 +0.96 —0.07 +. 46 . 700 0.40 
(0.28) (0.05)° (0.23)? 

72, 03 0.17 +0.82 —0.21 C.46 .581 0.29 
(0,28) (0.11)? (C.21)> 

T2, @3 0.17 +0.76 —0.49 +C. 36 .605 .031 
(0.26) (0.16) <C.20) 

1,04 0.59 +1.26 —0.07 +0.26 791 0.55 
(0.28)s (0.05)¢ 1.24) 

72, l4 0.27 +0.99 =0.22 +0.34 617 0.33 
(0.27) (0.11) 0.21): 

T3, U4 0.23- +0.87 —0.52 +0.27 621 0.31 
(0.26) (0. 16) '0.20)¢ 


a Statistically significant at the 1 percent level. 

b Statistically significant at the 5 percent level. 

e Statistically significant at the 10 percent level. 
Note: The d reported is for the original equation before corrections were made for the 
presence of autocorrelation. Standard errors are in parenthesis below coefficients. 
Sources: Data for M, P, n, re, ra, and w from 1919-57 werz taken from U.S. Bureau of 
the Census, pp. 646, 125-126, 654, 655, 656, and 692, respectively. The various asset vari- 
ables were calculated using data from R. W. Goldsmith (1955, 1962). 


(Meltzer, p. 140), (Gregory Chow, p. 128). 
Further the highest interest elasticities are 
obtained when the maturity length of the 
interest rate is increased. However, the 
interest elasticities of r are smaller than 
those obtained by Meltzer using tradi- 


tional forrnulations of the demand for 
money fuaztion (pp. 134, 139, 143). 

The various definitions of the real value 
of asset holdings have the expected posi- 
tive sign in all equations and the coeff- 
cient of a is statistically significant at 
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the 5 percent level in six equations and at 
the 10 percent level in four equations. 
Since the wage rate has an income term as 
formulated in equation (11a), the elasticity 
of the asset variable would be expected to 
be lower than in an equation where only 
r and a are employed in the test equa- 
tion. Meltzer, employing only 7 and a 
for ‘the 1900-58 period, found the asset 
elasticity of the demand for real money 
balances to be 1.11 (p. 134) as compared 
with the .46 to .26 coefficients shown in 
Table 1.8 


III. Theoretical and Empirical Implications 
in Disequilibrium States 

The leisure time valuation or substitu- 
tion effect of a change in the wage rate on 
the demand for money has important im- 
plications with regard to the adjustment 
process both in the traditional cases where 
wages and prices are flexible, and instan- 
taneous adjustment is assumed, and in so- 
called disequilibrium systems where wages 
and prices are partially invariant and 
markets do not adjust. It is in the latter 
cases that the impact of the leisure time 
valuation or substitution effect on the 
demand for money appears most novel. 

The leisure time valuation effect on the 
demand for money is very interesting 
when viewed within the context of the dis- 
equilibrium analysis of Robert Barro and 
Herschel Grossman. From their model, it 
follows that a reduction in commodity 
demand and output produces a decline in 
the demand for labor with a corresponding 
reduction in employment. Even if wages 
do fall in response to the resulting excess 


§ Meltzer employs a definition of wealth which differs 
from the four employed in the test above. He excludes 
all government assets but includes all government debt. 
This is equivalent to assuming that the consumer 
valuation of the flow of services from government 
assets is zero and that consumers do not respond to 
changes in the real tax burden produced by changes in 
the level of interest-bearing government debt. 
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supply of labor, they conclude that the 
only result is to induce man-hours of labor 
to leave the labor force, not to increase the 
quantity of man-hours of labor demanded. 
Our analysis, when applied to this model, 
supplies a force which acts to restore equi- 
librium in both the commodity and labor 
markets. Take the Barro-Grossman ex- 
ample of excess labor supply resulting 
from excess supply in the commodities 
market (pp. 88-90). Consumers find them- 
selves oversupplied with leisure due to 
involuntary unemployment and as a result 
of money’s role in providing leisure there 
is a reduction in the demand for money. 
To the involuntarily unemployed the 
wage rate is no longer the marginal cost of 
leisure. To the extent that wages fall in 
response to the excess supply of labor 
there is a further reduction in the demand 
for money by those who are still employed. 
This excess supply of money tends to in- 
crease commodity demand and thus labor 
demand, employment, and output. 

In the Barro-Grossman case of excess 
commodity demand (pp. 90-92) our enaly- 
sis gives their results a choice theoretic 
foundation and extends them somewhat. 
They postulate that consumers may react 
to frustrated commodity demand in two 
ways: first, by involuntarily augmenting 
money balances or second, by reducing 
labor supply. They conclude that generally 
some combination of the two options will 
always be optimal. According to our analy- 
sis, frustrated commodity demand would 
be assumed to mean frustrated consumer 
searches and therefore a shift in the trans- 
actions time function. In terms of the first- 
order conditions (7) this would mean an 
increase in the price of consumption 
through an increased T.. Since the price of 
consumption relative to leisure has risen, 
consumers will want to consume less com- 
modities and more leisure directly by re- 
ducing work. The fall in work time, given 
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the wage rate, will reduce income, y, and, 
therefore, reduce T, in the denominator 
of (7e), (71), (7g). The equilibrium condi- 
tion (7e) is again satisfied by increasing 
money balances which reduces Tx. This 
yields a theoretical basis for the Barro- 
Grosman results of reduced labor supply 
and increased demand for money.’ 

In the presence of involuntary unem- 
ployment the wage rate overstates the 
cpportunity cost of time and the presence 
of involuntary unemployment would be 
expected to distort the relation between 
the wage rate and the demand for money. 
It is, therefore, useful to reformulate the 
empirical specification of the demand for 
money, entering the unemployment rate 
(y) into the demand for money function as 
an explanatory variable. Since for the un- 
employed the valuation of time (Vr) is 
less than the market wage rate, it follows 
that (97/3 Vr)(3Vr/ðy)] <0. Adding the 
unemployment rate as an explanatory 
variable of (17) and employing the defini- 
tions of ry and a used in Section II, the 
results of the respecification of the demand 
for money equation are shown in Table 2. 

The estimates of Table 2 are those ob- 
tained after the Cochrane-Orcutt Intera- 
tive Technique for eliminating autocorre- 
lation was employed. Since estimates of p 
were approximately 1, the constant term 
had to be suppressed. While the absence 
of a constant term tends to bias the esti- 


7 The analysis can be extended further. The increase 
in the demand for money caused by the frustrated 
commodity demand tends to eliminate the excess 
demand in the commodity market. On the other hand, 
however, the decreased supply of labor tends to reduce 
aggregate supply and thus tends to offset the reduction 
in excess commodity demand caused by increased 
demand for money. There is still another effect, how- 
ever. The reduction in the supply of labor puts upward 
pressure on wages, and increased wages increase the 
demand for money which again tends to reduce the 
excess demand in the commodity market. There are 
thus forces which tend to beth reduce and accentuate 
the initial excess commodity demand. Our observations 
of a stable system would lead us to believe, however, 
that the forces predominate which work to eliminate 
excess commodity demand. 
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mate of R? downward, in every equation 
employirg y the R? is .99, The overall fit is, 
therefore, improved by introducing the dis- 
equilibrium phenomenon into the test 
equation. Further the coefficient of the un- 
employment rate is negative and statisti- 
cally significient at the 1 percent level in 
every equation. The coefficient of the wage 
rate is pcsitive and statistically significant 
at the 1 percent level when the short-term 
interest rate :s employed and at the 5 per- 
cent leve. when the intermediate-term rate 
is employed. The coefficient of the level of 
assets is not statistically significant at the 
10 percent level in any equation and in 
many cases iz has the wrong sign.® 

The results of Table 2 suggest that the 
disequilitrium efect of unemployment had 
the expected negative effect on the demand 
for money. To gauge the potential magni- 
tude of the leisure time valuation effect of 
unemployment, we may employ the .07 
estimate of the elasticity of demand for 
money wth respect to the unemployment 
rate to estimate the decline in money bold- 
ing in response to unemployment’s effect 


8 Tt is interesting to compare the results obtained by 
employing income instead of the wage rate in the esti- 
mate of the demand for money function. From Table 
2, with defiritions ri, a1: 


m=0.29 w—0.11 7+0.08 a—0.07 y (R?= .99) 
0.09.4 (G.04) (0.24) (0.02)4 


Employing 4 in place of w 


m=0.41 y—0.14r—0.39 a—0.03 y (R%= .99) 
(0.18* (0.04)f (0.12) (0.03) 


The dagger indicates significance at the 1 percent level, 
and the asterisk at 5 percent. Though the coefficient 
of y is posizive end statistically significant at the 5 
percent level, the elasticity of the demand for money 
with respect to y is larger than the elasticity of the de- 
mand for money with respect to w. Further, the co- 
efficient of yin the equation employing y is not statisti- 
cally significant et the 10 percent level. This result 
could reflect the fact that measured y is encompassing 
some of the impac: of employment conditions so that 
demand for money functions fitted employing y yield 
good fits because y yields the impact of w after leisure 
choice decisions have been made and also picks up the 
impact of employment conditicns. This supposition is 
borne out br the fact that replacing w with y in the 
general equilibrium. formulation of (17) raises the R? 
of the equation fram .80 to .99, 
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TABLE 2—ESTIMATES OF Equation (17) AS ADAPTED TO ACCOUNT FOR THE Dis- 
EQUILIBRIUM IMPACT OF UNEMPLOYMENT ON THE EFFECTIVE OPPORTUNITY Cost 
OF Time EMPLOYING THREE DIFFERENT DEFINITIONS OF f AND Four DIFFERENT 


DEFINITIONS OF a Using U.S. ANNUAL DATA FoR THE 1919-58 PERIOD 


Coefficients of- 
r,a 
Identification w r a y R? d 
ri, Qh 0.29 —0.11 0.08 —0.07  .988 00 
(0.09) (0.04): (0.24) (0.02): 
fa a 0.23 —0.30 0.03 —0.07 .988 00 
| (0.10)? (0.10) (0.24) (0.02) 
13, ay 0.00 —0.67 —0.19 —0,06 . 990 .00 
(0.11) (0. 15)8 (0.23) (0.02) 
ry, l 0.27 —0.12 0.01 —0.08 .988  .00 
(0.09) (0.04) (0.23) (0.02) 
roy t 0.19 —0.31 -0.09 —0,07 .988 00 
(0.10) (0.10)a (0.24) (0.02}° 
rs, ta —0.03 —0.69 -0.27 —0.07 .991 00 
' i (0.10) (0.15)ə (0.23) (0.02): 
ti, d3 0.30 -0.11 œl —0.07  .988 00 
(0.09): (0.04) (0.23) (0.02) 
12, 03 0.24 —0.29 0.06 —0.06  .988 00 
(0.10)? (0.10}s (0.23) (0.02): 
T3, 23 0.02 —0,66 0,16 — 0.06 .990 „00 
(0.11) (0.15)e (0.22) (0.02). | 
r, 04 0.28 —0.12 (0.00) —0.07 .988 00 
(0,09)= (0.04) (0.17) (0.02) 
re, 04 0.19 —0.31 —0.08 —0.07  .988 00 
(0.09)? (0.10 (0.29 (0.02)» 
ra, 4 —0.02 —0.69 s025 —0.07 .991 .00, 
(0. 10) (0. 14) (0.21) (0.02) 


Statistically significant at the 1 percent level. 
b Statistically significant at the 5 percent level. 
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Note: The d reported is for the original equation before corrections were made for the 
presence of autocor-elation. Standard errors are in parentheses below coefficients. 
Sources: See Table 1. Data for y taken from U.S. Department of Commerce. 


on marginal time valuation. In the reces- 
sion of the 1950’s, for example, the magni- 
tudes are $6.04 billion in 1958 and $9.06 
billion in 1954. The results of Table. 2, 
therefore, suggest that the empirical mag- 
nitude of the leisure time valuation effect 
produced by involuntary unemployment 
on spending is not insignificant and indeed 


that such an effect complements the real- 
balance effect in producing a self-adjusting 
economic system. 


IV. Conclusions and Implications 
Given the assumption of normality, an 
increase in the wage rate always leads to 
an increase in income and consumption, 
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which in turn tends to increase transac- 
tions time. Since both leisure and consump- 
tion enter the utility function, the consumer 
is loath to increase transactions time at 
the expense of leisure. In order to maintain 
"or even increase his leisure time the con- 
sumer is induced to hold larger money 
balances. This increase in money balances 
‘demanded, associated with an increase in 
income, is the result of a resource or in- 
come effect caused by an increase in the 
wage rate. This reasoning, whereby an 
increase in the demand for money bal- 
ances is associated with an increase in 
transactiors, yields the traditional transac- 
tions motive for holding money. In addi- 
tion, there is another effect, not considered 
in traditicnal analysis, which indicates 
why an increase in income caused by an 
increase in the wage rate will lead to an 
increase in the demand for money. This is 
the leisure time valuation effect. Since a 
unit of leisure may be purchased by de- 
creasing work or by increasing money 
balances, an increase in the wage rate re- 
sults therefore in an increase in the relative 
price of purchasing leisure by decreasing 
work. Thus it follows that an increase in 
the wage rate will lead to an increased de- 
mand for money independent of any in- 
crease in transactions. 

Considering the net result of both the 
resource and leisure time valuation effects, 
if a rise in income, wage rate constant, 
produced a proportionate rise in the de- 
mand for money, then the total increase in 
the demand for money, produced by an 
increase in the wage rate associated with a 
rise in income, should be greater than pro- 
portionate to the increase in income due 
to the leisure valuation effect. Thus an 
income elasticity (which includes both the 
resource and leisure valuation effects) less 
than unity is not necessary for the con- 
firmation of William Baumol’s and James 
Tobin’s models which predict economies 
of scale in the holding of transactions bal- 
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ances.® If the leisure valuation effect is a 
significant determinant of the demand for 
money, an income elasticity of one would 
indicate economies of scale in transactions 
balances. If on the other hand, the re- 
source effect elasticity 1s equal to one, 
then an income elasticity greater than one 
would be imp‘ied when both the resource 
and leisure valuation effects are taken into 
account. 

When viewed in the context of disequi- 
librium, the leisure time valuation effect 
provides a theoretical explanation of the 
spillover effects among the money, labor, 
and commodity markets produced by the 
impact of the individual’s employment 
condition on his valuation of time. Spe- 
cifically, unemployment or overemploy- 
ment affect the individual’s valuation of 
time and affect the individual’s demand 
for money and commodities by altering 
the valuation of the service money pro- 
vides. 

The tentat.ve empirical results of Table 
2 suggest that the relation between the un- 
employment rate and the demand for 
money is negative and statistically signifi- 
cant, Further, if the elasticity of the de- 
mand for mcney presented in Table 2 is 
used to estimzete the magnitude of the lei- 
sure time valuation effect, the magnitudes 
gauged even for mild recessions appears 
significant. Such results suggest that the 
leisure time valuation effect might form a 
complement to the real-balance effect in 
producing automatic adjustment to full 
employment. 

Given an invariant demand for money 
function and an exogenous money stock, a 
fall in prices increases real-money balances 
and stimulates spending. By the leisure 
time valuation effect, a fall in the wage 


® Employing the standard formulation of the demand 
for money, which incorporates only the resource effect, 
Meltzer, p. 220, has concluded that an income or wealth 
elasticity less then unity would confirm economies of 
scale in holding transactions balances. 
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rate or a rise in unemployment will de- 
crease the demand for money. The Invis- 
ible Hand is thus more powerful than pre- 
viously supposed since changes in the wage 
rate and unemployment yield a new dimen- 
sion to the adjustment process. 
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Limit Pricing, Potential Entry, and 
Barriers to Entry 


By Davip P. BaRon* 


A major advance in the theory of im- 
perfect competition has been the recogni- 
tion that established firms must take into 
account possible actions by potential as 
well as by existing competitors. The em- 
pirical research on potential entry has 
tended to focus on the effects of concen- 
tration and barriers to entry on industry 
profits and price levels, while theoretical 
study has emphasized the limit pricing 
behavior of established firms. The study 
of barriers to entry was pioneered by Joe 
Bain (1956), who investigated barriers 
created by 1) product differentiation, 2) 
absolute cost advantages, and 3) econ- 
omies of large scale operations. Paolo 
Sylos-Labini emphasized the effects of 
returns to scale as a barrier to entry, and 
Franco Modigliani has provided an im- 
portant interpretation of the early work 
of Bain and Sylos-Labini. Empirical stu- 
dies by Bain and H. Michael Mann (1966) 
indicate a positive relationship between 
concentration and profitability, while 
Marshall Hall and Leonard Weiss found 
that “Concentration would seem to be 
less important than the capital require- 
ments barrier as a determinant of profit- 
ability” (p. 327). l 

The theoretical study of the impact of 
potential entry was begun by Bain (1949) 
_ who first introduced the notion that po- 
tential competition may lead established 
firms to sacrifice current profit in order to 
preclude entry. The deterministic theory 


* Associate professor of managerial economics and 
decision sciences, Northwestern University. Support 
for this study was provided by the National Science 
Foundation, 
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of potential entry and limit pricing has 
been advanced by Roy Harrod, Philip 
Andrews, H R. Edwards, J. R. Hicks, 
Frank Hahn, B. Peter Pashigian, Graham 
Pyatt, Darius Gaskins, and by Jagdish 
Bhagwati, who has provided a survey 
and analysis of much of this work. 

Oliver Wz-lliamson first suggested a 
probabilistic approach to the issue of po- 
tential entry in which the established 
firms assess the probability that a po- 
tential entrant will actually enter the in- 
dustry. Morton Kamien and Nancy 
Schwartz have developed and interpreted 
a stationary, probabilistic model in which 
an established firm chooses a limit price 
so as tc maximize discounted expected 
profit over an infinite horizon with the 
time until entry being uncertain. In an 
earlier paper. I analyzed the implications 
of alternativ2 assumptions regarding the 
established firm’s assessments of the 
probability of entry and its postentry 
behavior. The purpose of this paper is to 
investigate, using a probabilistic model, 
the effects of potential entry and barriers 
to entry on the price and profitability of 
established firms in an industry faced with 
potential entry. 


I. The Model and Optimality Conditions 


The model represents an established 
firm in an industry composed of a number 
of firms selling differentiated but related 
products.! Given K, firms in the industry 
at the erd oi period n—1, an established 
firm chooses a period n limit price p,(K,) 


1 The established firm also may be thought of as a 
single monopolist or as a cartel. 
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‘conditional on that number of firms. 
Based on the limit price and the nuniber 
of firms in the industry, &, potential en- 
trants decide to enter the market in period 
n. The established firm is assumed to be 
able to alter its price for the next period’ 
and hence chooses a price Pasi( Kasi) for 
period n+1 where Kn 1 Katka. The 
profit of the established firm in period n 
is assumed to depend on the number of 
firms in the industry in that period with 


profit if no firms enter (K,4:= Kn) denoted’ 


by tr(Pal Kn), Kn). If ka >O firms enter, 
period # profit is assumed to be reduced. 
The short-term reaction of the established 
firm to entry may be characterized in a 
variety of manners such as those dis- 
cussed in my earlier paper. Here, the re- 
sult of that short-term reaction will be 
reflected in a postentry profit 7,(Kn41) 
<mn(pn(K,), Kn) for all Ka41> Ka where 
Tra( Kany) does not depend on the preentry 
price and is assumed to be constant. The 
postentry profit may be understood to 
represent the established firm’s initial re- 
action to entry, while its complete reac- 
tion is to choose a price fa4i(Kn41) for the 
next period. The assumption that the 
profit after entry is less than that prior to 
entry is in the spirit of the empirical 
studies of Bain and Mann that indicate a 
positive relationship between profitability 
and concentration and agrees with the be- 
havior of classical Cournot markets with 
entry as considered by Charles Frank, for 
example. In addition to the profit earned 
in the industry in question the established 
firm may earn profit from operations in 
other industries and that profit is denoted 
by Ra. 

2? Firms may enter any time before the end of the 
period, but to simplify the notation and the analysis all 
entrants will be assumed to enter at the same point in 
time. 

3 The length of the period may be considered to be 
defined by the time required far the established firm 
to respond to entry. 


* Kamien and Schwartz assume that postentry profit 
is constant and the same in all periods after entry. 
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The number of firms that will decide to 
enter the industry in a period is uncertain, 
so the established firm is assumed to as- 
sess a (subjective) probability distribution 


-on the number of potential entrants that 


will actually enter the market in each 
period. The probability of entry is a func- 
tion of the assessed profitability to the 
potential entrant from being in the in- 
dustry. One possible assumption is that 


-the probability of entry depends on the 


profit earned by the established firms. 
This assumption will not be employed, 
however, since it is doubtful tkat a po- 
tential entrant would be able to observe 
the profit of an established firm. particu- 
larly for a multiproduct firm. Also, the 
profit to an entrant may well be different 
from that of an established firm Eecause of 
cost differences and the effect of product 
differentiation.’ A potential entrant, how- 
ever, is able to observe the price charged 
by an established firm, and that price is an 
important indicator of the profitability to 
the potential entrant. No implication is 
made, however, that a potential entrant 
believes that the current price will be in 
effect after entry has taken place. The po- 
tential entrant also is likely to believe that 
the number of firms in the industry af- 
fects profitability with a decrease in con- 
centration reducing the likelihood that 
entry will be profitable. 

The probability G,(Ra| Pn(Kn), Kn) that 
k, firms enter in period z thus is a func- 
tion of the price »,(K,) and of the number 
K,, of firms in the industry. The probabil- 
ity of no more than a specified number m 
of firms entering the market is assumed to 
be decreasing in p, and increasing in Kanı 
or more formally: 


ë Roger Sherman and Thomas D. Willett utilized an 
expected utility maximization model for determining 
if a potential entrant should or should not enter. 

€ The assumption that entry depends on zhe preentry 
profit of established firms has been employed by Pyatt 
anc Hahn. The sometimes paradoxical implications of 
such an assumption were explored in my earlier paper. 
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(1) > Grlkn| Pn, Kn) 


kn=0 


= * 
< D5 Galka| Pn Ba) 
ky=20 
for p,»>p, and for m=0, 1, 2,..., 
nw=1,2,..., while 


a > Gilkn| Puy Kn) 


k,z=0 


= * 
> 2 Galkn| Pay Kn) 
kn=0 
for K > Kf and for m=0, 1, 2,..., 
al eee 


Consequently, as price increases entry is 
more likely,’ and as the number of firms in 
the industry increases entry is less likely. 
In the terminology of stochastic domi- 
nance (see Josef Hadar and William Rus- 
sell and Giora Hanoch and Haim Levy) 
the distribution in (1) conditional on p% is 
dominated in the first degree by the dis- 
tribution for », and similarly in (2) the 
distribution for K, is dominated in the 
first degree by that for A¥. In order to 
avoid paradoxical results, it also is pos- 


tulated thet the industry is such that it > 


is not optimal to encourage firms to enter 
in the current period in order to reduce the 


7 This probabilistic treatment of entry is equivalent 
te Hicks’ case of oligopolistic expectations in which an 
increase in “close” period output was assumed to in- 
crease open period revenue by reducing the “amount” 
of entry. Hicks’ polypolistic expectations may be repre- 
sented by replacing the inequality in (1) by an equality. 
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probability cf future entry. Similarly, at 
the price that maximizes the current- 
period profit the probability of entry is 
taken to be positive. 

The established firms are assumed to 
maximize th: expected utility of profit 
over an infinite horizon with a utility 
function thet is temporally additive. 
Let U,, be a monotone increasing, concave, 
twice continuously differentiable, car- 
dinal utility function for period z and let 
BE(O, 1) reflect time preference. The 
optimal expected utility F,(K,) for 
periods n, n—1, n+2,:.. depends only 
on the number of firms in the industry at 
the end of period »—1 and is defined as 
equation (3). The term Fayi(Kui1) is the 
optimal expected utility in periods n+1, 
n+2,---,andis similarly defined. Given 
that profit is decreasing in the number of 
firms in the irdustry and that future entry 
is preferred to present entry, Fry Kai) 
may be stowr. to be decreasing in the num- 
ber of firms in the industry. The profit 
function is assumed to be concave and con- 
tinuously differentiable, and for &,>1, 
G, is assumed to be continuously dif- 
ferentiable. The optimal price ,(K,) 
satisfies the first-order condition? 


8 The second-order condition is 
(1 = > Gn) T lmn )? > Un Ta ‘) 
— 29, Gi Unm, — Do Ga Ma{Kn + ka) <0 ` 
where Mna(Ka+kn' is defined below. A sufficient condi- 
tion for #,(Kx) to yield a maximum is that Gy >0 and 


1” >0. The second-order condition is assumed to be 
satisfied at pa(Ky). 


(3) B(Kn) Tee € ze £ Gnlkn | Pal Kn), Kn) [Uniri tat K), Ka) + Rn) 


kyl 


+ BF agi(Kn)] + 30 Galla) Pa(Kn), Ka (Un tn(Kn + kn) + Rn) 


k,=1 


+. BP aii( Ka T l} 
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(4) (: — > Ga) Ud wl 


kyl 
zE 2 Ga [Un(ta(Pa(Kn); Kan) ca Ra) 
kyl a 


+ BP nii( Kn) 
~~ Un(an( Kn a kn) i Ra) 
= BP aai(Kn T kn) | = 0) 


where (1— J č mı Ga) is the probability of 
no entry. The argument of the functions 
will be omitted when the meaning is 
clear. The term in brackets, denoted by 
M,(K.,+8,) is the difference between the 
optimal expected utility without entry in 
period n and optimal expected utility with 
entry. Since mn(f.(Kn), Kn) >aa( Ka thn) 
and = FPaii(K,)>Fa(K,+e,) for kat, 
M,(K,zt+k,) is positive and increasing in 
kn. The change in M,(K,+4,) as the dis- 
tribution of &, shifts to the right (in the 
sense of first-degree stochastic dominance) 
is of the same sign as 


Dy Gi Mi(Kn + kn) 


= Jo Gr [Unltn(Pa(Kn), Kn) + Rn) 


Kymd 
+ BPs Kn) a U nani Ka F Èn) + Ra) 
— BEnya(Kn + ka)] 

where na(Knt kr) =Tal fn Kn), Ka) and 


Fayi(Kathn) =Fnl Ka) for ka=0. The 
shift thus implies that 


S, GaMa(Kn + kn) 


ky=l 


is increasing in p,(K,) and hence that 


2, Gi Mi(Kn + kn) > 0 

kyl 
To satisfy (4) the optimal price is such 
that the probability of no entry 
(1— Ž £ -ı Ga) is positive and since mar- 
ginal utility is positive, marginal profit is 
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positive. Consequently, the established 
firm prices below the price that maximizes 
preentry profit? and prices less. than the 
price that makes the probability of entry 
equal to one. These results hold for any 
monotone increasing utility function and 
thus are due to the probabilistic nature of 
entry and not to the risk preferences re-. 
flected by the utility function. 

Harrod suggested that if entry is easy 
the established firm will price equal to 
average cost in order to prevent entrv. If 
the firm follows this practice in every 
period, there is no difference between the 
utility with and without entry, so M,(K,) 
=0. The optimal limit price thus is 
higher than the price that equals average 
cost unless, of course, marginal profit is 
zero at that price. The probabilistic equiv- 
alent of Harrod’s entry preventing price 
may be defined as the price p(Kan) that 
makes the probability of no entry equal to 
one or Gn(kn=0| p2(K,), Kn)=1. The op- 
timal limit price is at least as great as the 
entry-preventing price, since otherwise an 
increase in price would increase profit and 
leave the probability of entry equal to 
zero. This result is a prediction of Dale 
Osborne’s finding that entry has occurred 
in industries using limit pricing. The de- 
terministic entry-preventing price may 
also be thought of as the lowest price the 
established firm could set without finding 
it preferrable to leave the industry. One 
such price p7(K,,) satisfies 


(5) A — E G.)Ualmn(ba(Kn), Kn) + Ran) 
-+ 5 GnUnlrn(Ka + ka) -+ Ra) 
= U,( Ra) 


? Kamien and Schwartz obtained the same result in a 
stationary, probabilistic model. They also demonstrate 
that the preentry profit is constant over time, and a 
similar result obtains for the model here if Un, Ga, and 
R, are the same in every period. 

10 Hicks’ polypolistic expectations. implies that 
Gi =0 for all kn, and then the established firm maxi- 
mizes preentry profit. 
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The entry-preventing price may be less 
than p7(K,), so the established firm may 
find it impossible to stay in the industry 
and prevent entry. 


II. Risk Aversion and the 
Optimal Limit Price 

The established firm’s limit pricing de- 
cision involves the risk that profit will be 
reduced by entry, and the risk preferences 
reflected in the firm’s utility functions U, 
affect the level of the limit price. Risk 
preferences will be measured by the Arrow- 
Pratt index of absolute risk aversion 
ru,(y) = — U2" (y)/U (y), where Un’ and 
U,{ are the second and first derivatives, 
respectively. The interpretation of the 
index is that if ry,(y) increases for all y, 
as with a shift in risk preferences, the 
certainty equivalent associated with the 
risk increases. The certainty equivalent 
CE, of period n profit is defined by 


(6) Un(CEn+ Rn) 


=(1- 5 Ga) Unlaa(Pa(Kn), Ka) 


kpl 


+R,)+ 2 Gn Un(a Kant kn) HRa) 


bpl 


and is the minimum amount the firm 
would accept in exchange for the period 
n ex ante drofit. 

Given certain properties of the prob- 
ability distribution, the optimal period # 
price may be shown to be a decreasing 
function of risk aversion. That is, let 
U} and U2 be two utility functions such 
that ry(y)>rv2(y) for all y and ry: 
>rvz(y) for some y with positive prob- 
ability, and let #3(K,) >0 be optimal for 
Ui and #:(K,)>0 be optimal for U3. Re- 
write (4) jor U? evaluated at #2(K,) as 


(7) A E G)e! — ¥ Gl balks) = 0 


where $2(Rn)= Mi(K,+h,)/Ui(y?)_ and 
y=or,(b(K,), KaHR. John W. Pratt 
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(equaticn 22, p. 129) has shown that if 
ro(y) >rex(y) for all y, then (U,(w) 
— U,(v))/U3' (9) > (Un) — U7(0))/U5') 
for y>w>v. To maintain the intertem- 
poral relationship between U, and U,, 
j#n, scale the utility junction Uj, so that 
U2 (y= UR (y*). An increase in risk 
aversion thus implies that 6:(Rn) >o2(kn) 
for k,>1. A sufficient, but not necessary, 
condition for risk aversion to decrease the 
optimal limit price is that G,>0 for all 
k,>1,! since then (7) for U} is negative 
evaluated az (Kn), 30 £(K,) > #,(K,). 
A necessary condition is that ZG! [¢} (kn) 
— 6°(Rn) || $2(%.) > 0. Tosimplify the follow- 
ing discussion, G} is assumed to be non- 
negative which implies that an increase in 
prices increases the probability that fn, 
firms enter, &,>1. 

The interpretation of this result is that 
as the estab.ished firm becomes more risk 
averse it prefers to exchange period n 
profit for a lewer probability of entry and 
thus reduces price in period n. The risk 
to the established firm is that potential 
entrants wil. actually enter, and the more 
averse to risx the firm becomes, the more 
willing it is to sacrifice current profit for 
future profit. The effect of risk aversion on 
the limi: price makes intuitive sense and 
may help explain the differences in profit 
between industries found by Bain, Mann, 
and Irving Fisher and George Hall. Cer- 
tainly many other factors such as those 
considered in the following section on 
barriers to entry are Important as de- 
terminants 2f the limit price, but the 
analysis here indicates:that risk aversion 
may act to lower the limit price and thus 
has an effect similar tc a barrier to entry 
in that both tend te make entry less 
likely. Increased risk aversion also reduces 
the certainty equivalent. 

The effec: of profits from other ac- 





u The candition that Gf>90 for ka> 1 implies, but 
is not implied b7, first-degree stochastic dominance. 
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tivities Ry on the limit price may be de- 
termined directly from the risk aversion 
result. A utility function is said to exhibit 
decreasing (increasing) (constant) ab- 
solute risk aversion if ry,(y) is a decreasing 
(increasing) (constant) function of y. An 
increase in R, for U, exhibiting decreasing 
(increasing) (constant) absolute risk aver- 
slon consequently results in an increase 
(decrease) (no change) in the optimal 
limit price? Kenneth Arrow has argued 
that decreasing absolute risk aversion is a 
reasonable behavioral assumption. For 
U, decreasingly absolute risk averse an 
increase in R, decreases risk aversion, and 
the firm is willing to accept a higher prob- 
ability of entry in exchange for greater 
profit if no entry occurs.¥ 


Ill. Barriers to Entry and Concentration 


The principal barriers to entry con- 
‘sidered by Bain are 1) economies of large 
scale operations, 2) absolute cost advan- 
tages, and 3) product differentiation ad- 
vantages. One general way to consider the 
effects of barriers to entry on the limit 
price is to assume that they are reflected 
by the established firm’s assessment of the 
probability of entry. An increase in the 
height of barriers to entry will be repre- 
sented by a shift to the left in the dis- 
tribution function of &, for all prices and 
for all K,. For a given p,(K,) and Kn, 
higher barriers to entry thus are assumed 
to increase the probability that fewer than 
m firms enter for m=1,2,..., and hence 
result in a distribution dominated in the 
first degree by the distribution for lower 
barriers to entry. Such a change in the 


12? This result obtains by letting U},(y)=Una(y) and 
Un) =Un(y+Ay), Ay>O, and using the preceding 
analysis. 

13 Tf, for example, a potential entrant must pay to 
an established firm an entry fee in the form of the 
purchase of the rights to a patented process, Ra is 
increased and the firm with decreasingly absolute risk 
averse risk preferences will raise its limit price which 
increases the probability of further entry, ceteris paribus. 
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probability distribution of k„ affects both 
the established firm’s certainty equivalent 
and its optimal price. Since period » utility 
and future expected utility Fn4ı(Kn+1) are 
decreasing in ką, an increase in the height 
of the barriers to entry increases the ex- 
pected utility in (3). The established firm 
would then be less likely to leave the in- 
dustry and would require a greater pay- 
ment for the sale of its activities in the 
industry. Empirical work by Bain and 
Mann supports the hypothesis that aver- 
age profits are higher with “very high 
barriers” than with lower barriers. In the 
context of the probabilistic model con- 
sidered here expected utility and the cer- 
tainty equivalent profit increase as bar- 
riers become ‘‘higher.” 

While higher barriers to entry increase 
the expected utility of the established 
firm, the optimal price may increase or de- 
crease. In (4) the probability of no entry 
(1—2G,,) increases with higher barriers to 
entry but the Gj, terms also are affected. 
If the Gi/(1—ZG,), kn>1, terms are not 
increased by the higher barriers to entry, 
then (4) evaluated at the price optimal 
with lower barriers to entry is pcsitive 
and the optimal price is increased. The 
term Gi/(1—2G,) is referred to as the 
“hazard rate” in reliability theory, and 
if an increase in the barriers to entry re- 
duces the hazard (of entry) rate, the op- 
timal price increases. Bain (1956) has 
argued that the higher are the barriers to 
entry the closer the limit price is to the 
profit maximizing price, and for the model 
considered here a reduction in the hazard 
rate for all k > 1 is a sufficient, but not a 
necessary, condition for this result. 

Concentration in the industry affects 
the established firm by influencing profit 
and the probability of entry. Holding 
profit constant, an Increase in concentra- 

“ Kamien and Schwartz assume that the hazard rate 


is increasing in the price charged by the established 
firm. 
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tion, such as would occur from firms leav- 
ing the irdustry, affects the probability 
of entry by shifting the distribution func- 
tion of the number of entrants to the right 
as indicated in (2). Such a shift decreases 
expected utility in agreement with the 
studies of Bain, Mann, and S. A. Rhoades 
and decreases the limit price if the hazard 
rate is increased. Changes in concentration 
also affect profit, however, so the net effect 
of exit from the industry is difficult to de- 
termine without further assumptions. 

The effect of economies of large scale 
operations on entry may also be reflected 
by changes in the probability of entry. 
Modigliani concluded that “[the ‘highest 
entry-preventing price’] will tend to be 
. higher the steeper the cost curve, that is 
the greater the economies of scale” (p. 
220). Similarly, Hall and Weiss found that 
profitability is positively related to the 
capital requirements barrier to entry. The 
effect of such a barrier is to shift to the 
left the distribution function of the num- 
ber of firms entering. The shift increases 
the expected utility giving a theoretical 
predicticn of Hall and Weiss’ findings. 
If the shift reduces the hazard rate, the 
limit price increases as Modigliani sug- 
gested. 

Absolute cost advantages may have two 
types of effects on the pricing policies of 


an: established firm. First, the knowledge 


on the part of potential entrants that an 
established firm has achieved a cost re- 
duction, through a technological advance, 
for example, may reduce the assessed 
probability of entry. Second, a reduction 
in cost to an established firm may affect 
the limit price independent of the prob- 
ability distribution. For example, suppose 
that an established firm achieves a reduc- 
tion in fixec costs in period » but that the 
potential entrants are unaware of it. A re- 
duction in fixed costs in period has the 
same effect as an increase in profits R, 
from other activities, so a reduction in 
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fixed cos7s results in an increase (decrease) 
(no change) in the optimal limit price in 
period # if the utility function U, ex- 
hibits decreasing (increasing) (constant) 
absolute risk aversion. A decrease in a 
constant marginal cost has both a risk 
aversion effect and a “cost effect.” This 
risk aversion effect occurs because for a 
fixed cutout a reduction in marginal cost 
is equivalent to a decrease in fixed cost. As 
in the deterministic theory of the firm, 
the cost effect tends to decrease price by 
altering the relationship between marginal 
revenue utility) and marginal cost. For 
nondecreasing absolute risk aversion, a de- 
crease in a constant marginal cost results 
in a decrease in the limit price, but with 
decreasinz absolute risk aversion the limit 
price may increase if the risk aversion 
effect exceeds the cost effect. 

Bain found that product differentiation, 
primarily in the form of advertising, 
played tha mast important role in building 
and sustaining barriers to entry in con- 
sumer industries. Utilizing assumptions 
similar to those for price,’® the -optimal 
product differentiation expenditures may 
be shown to be greater than the expendi- 
tures that maximize current period profit. 
The firm thus again is willing to exchange 
current profit for a lower probability of - 
entry. If product differentiation expendi- 
tures decrease the hazard rate in (4), the 
optimal limit price increases. 

The impact of industry growth on the 
behavior of bcth established firms and po- 
tential entrants is an important issue. in 
industrial organization, and in the con- 
text of the model presented in this paper 
growth may affect both profit and the as- 
sessed probability of entry. Since shifts in 
the distribution function of &, have al- 


45 This result requires that postentry output is less 
than preentry output. 

16 An increase in product differentiation expenditures 
is assumec zc shift the probability distribution of the 
number of firms that enter to the left. 
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ready been considered, only changes in 
future profit will be considered at this 
point with the probability distribution for 
a given price and K, assumed fixed. If 
growth increases the difference in future 
expected utility with and without entry 
( [Fan (Ka) — Fn Krt kn) }) and G20 
for k,>1, the term BG | Fna(Ka) 
—F,.:(K,+:,) | increases and the optimal 
limit price in period z is decreased to re- 
duce the probability of future entry. If 
growth lessens the difference, the optimal 
price will be increased, since entry causes 
less of a reduction in profitability. 


a IV. Conclusions 


Potential entry has been represented in 
a probabilistic manner with the probabil- 
ity of entry dependent on the price 
charged by an established firm and on the 
number of firms in the industry. With this 
probabilistic view of entry the optimal 
limit price is less than the price that 
maximizes preentry profit and is greater 


than the price that equates price and. 


average cost. Since the limit pricing de- 
cision involves uncertain profits, it seems 
natural to ask how risk preferences affect 
the limit price. Given certain properties 
of the probability distribution, an in- 
crease in risk aversion in period # as mea- 
sured by the Arrow-Pratt index results in 
a reduction in the period ~ limit price, 
since the firm is willing to accept a reduced 
current period profit in exchange for a 
lower probability of entry; Barriers to 
entry may be reflected in the assessed 
probability of entry with higher barriers 
being represented by a shift to the left in 
the distribution function of the number of 
actual entrants. Higher barriers to entry 
result in an increased expected utility, and 
if the hazard rate is reduced, the optimal 
limit price is increased. 

The empirical research on barriers to 
entry, concentration, and risk adjusted 
profitability has been characterized by 
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debates regarding what it is that is ac- 
tually being measured. For example, see 
the recent papers by Fisher and Hall, 
Yale Brozen, Mann (1969), and Richard 
Caves and B. S. Yamey. The results con- 
tained herein indicate the individual effects 
of concentration, barriers to entry, prob- 
ability assessments, and risk aversion on 
profitability and price, but attempting to 
identify and isolate individual effects from 
empirical data is likely to be extremely 
difficult. 
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Wage Determination, Inflation, 
and the Industrial Structure 


By STEPHEN A. Ross AND MICHAEL L. WACHTER* 


The standard analysis of inflation is 
based on the existence of a short- and 
long-run Phillips curve or tradeoff be- 
tween the rate of inflation and unemploy- 
ment. This tradeoff results from the ef- 
fects of excess demand pressure on a labor 
market characterized by money illusion on 
the part of workers and firms, or by in- 
stitutional rigidities imposed by labor un- 
ions and producer monopolies. Demand- 
pull and cost-push elements interact in a 
complex disequilibrium process, and little 
attempt has been made to derive rigor- 
ously the dynamics or the properties of 
the steady state. Neoclassical economists 
have attacked this formulation of the 
Phillips curve largely on the basis of their 
own analysis of the long-run equilibrium 
properties of the system.” They agree that 
the Phillips curve may exist in the short 
run but insist that it does not exist (that 
is, it is vertical) in the long run.? In the 


* Associate professors of economics, University of 
Pennsylvania. The research was supported by a grant 
from the National Science Foundation. 

1 The present form of the Phillips curve is due largely 
to the work of George Perry. More recent research, 
which attempts to refute. the neoclassical model and to 
utilize equations similar to thosz of Perry, includes the 
papers by Robert Solow and Robert Gordon. 

2 The neoclassical position is described in the collec- 
tion of papers in Edmund S. Phelps. See also the article 
by Milton Friedman. 

3 Attempts to statistically verify the existence of a 
vertical long-run Phillips curve have largely been 
unsuccessful, but the new theory continues to gain in 
popularity. The reasons for this are obvious. First, and 
most importantly, the standard Phillips curve analysis 
with its bias towards cost-push explanations of inflation 
lacks a strong theoretical bias. Secondly, statistical 
findings are never unequivocal, and since current time- 
series data do not include any periods of extended 
inflation, statistical analysis would be biased towards 
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long-run expectations are realized so that 
money illusion is unsustainable, end :f the 
degree and strength of noncompetitive 
elements are unchanged, they argue that 
there can be no tradeoff between inflation 
and unemployment. 

It is also argued that monopoly power 
cannot result in inflation. In particular, 
unions desire a relative wage advantage 
over nonunion workers, and monopolies 
desire a certain profit markup. In equi- 


librium, both unions and monopolies will 


have exercised the full power of =heir non- 
competitive advantage. The wage and 
profit markups are then fixed in real terms, 
and there will be no incentive to further 
increase relative wages and prices. As a re- 
sult the rate of inflation will rot be in- 
fluenced by an unchanging level of non- 
competitive forces.* As stated by Phelps: 


An increase of monopoly power—due, 
say, to increased concentration—will 
raise prices relative to wages at any 
given unemployment rate and produc- 
tivity level; but once, at the prevailing 
unemployment rate, the real wage has 
fallen (relative to productivitv) encugh 


the observation of a long-run negatively sloped Phillips 
curve. In addition, no specific theory exists to suggest 
the exact form of the wage equation, so it is not possible 
to construct an agreed upon test of the neoclassical 
model. 

4 The neoclassical position is often taken a step 
further. Although it is agreed that money illusion is a 
cause of a short-run Phillips curve, the importance of 
monopoly elements (either on the part of labor or 
capital) that are of fixed strength is deemphasized even 
in the short-run tradeoff. Instead, the observation of 
seemingly noncompetitive behavior is attributed to the 
cost of information or transactions costs. These costs, 
like money illusion, are only a short-run phenomenon 
so thatthe long-run tradeoff between inflation and 
unemployment is still vertical. 
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to accommodate the higher markup; this 
process will stop and any continuation 
of inflation will depend on other sources. 

[p. 126] 


The purpose of this paper is to outline 
a new view of the relation between infla- 
tion and unemployment in a high employ- 
ment economy. A basic innovation of our 
approach is that it incorporates noncom- 
petitive behavior and some of the most 
important institutional features of the 
modern economy in a systematic manner 
into the statics and dynamics of the anal- 
ysis. The presence of noncompetitive ele- 
ments in a sector of the economy will be 
shown to provide a new justification for 
the existence of a short- and long-run 
tradeoff between inflation and unemploy- 
ment. The long-run relationship, however, 
is positive when there is inflation but nega- 
tive with deflation, which is in sharp con- 
trast to both the neoclassical and the 
traditional Phillips curve approaches to 
the subject. 

The analvsis also gives rise to a number 
of additional points of interest from both a 
theoretical end policy viewpoint. First, the 
stability of the labor market and the ag- 
gregate wage-price structure is altered in 
a complex manner. Although the long-run 
Phillips curve is c-shaped, to the extent 
that policy makers understand the work- 
ings of the system, the short-run, nega- 
tively sloped Phillips curve actually has 
considerably more stability than it would 
if based solely on money illusion and in- 
formation costs. The basis of this increased 
stability may be important in explaining 
the inability of empirical workers to find 
anything but a negatively sloping Phillips 
curve. On tne other hand, the possibility 
of policy error is magnified, and this leads 
to instability. Second, the existence of a 
sector that pays a wage premium increases 
the amount of voluntary unemployment 
_in the system and causes a redistribution 
of income from those not employed to 
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those ernployed in the high wage sector. 
This type of unemployment is theoret- 
ically similar to the unemployment which 
arises in ‘‘dual labor” market theories. 
The market mechanism embodied in the 
dual labor market is currently popular in 
describing developed as well as underde- 
veloped economies.’ Third, noncompeti- 
tive factors are shown to have an im- 
portant dynamic influence upon inflation. 

The outline oi the paper is as follows. 
Section I develops a theery of the adminis- 
tered, or aoncompetitive, firm. Section IJ 
introduces the competitive sector. Section 
III aggregates the results of the previous 
two secticns into a single macro-economic 
model, and Section IV analyzes the short- 
and long-run dynamic behavior of this 
model. Section V, a summary, discusses 
the theoretical and policy implications of 
the model. 


I. The Administered Sector 
Nature of the Administered Firm 


A mainzained assumption of this paper 
is that firms differ in the discretion they 
can exercise in setting price. These dif- 
ferences are due to factors such as the 
firm’s technology (as it influences the 
shape of its cost curves}, the size of the 
market, and, in general, all factors that 
help to determine the number of firms in 
the industry and the degree of constraint 
on further entry. For expositional sim- 
plicity we divide the economy into two 
polar cases, those firms with pricing dis- 
cretion (the noncompetitive or adminis- 
tered sector) and those firms that are 
purely price tekers (the competitive sec- 
tor). 

In the industries with price discretion 


ë For a discussion of dual labor market theories in 
underdeveloped economies see W. Arthur Lewis, 
Michael Todarc, ard John Harris and Todaro. Similar 
types of mcdels for developed economies have been in- 
vestigated by Feter Doeringer and Michael Piore and 
Bennett. Harrien. 
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it is likely that there is some price struc- 
ture, different from the price structure 
that would prevail if the sector were com- 
petitive, that maximizes each firm’s prof- 
its. Once agreement within an industry 
is reached on a price structure, it is then 
clearly both costly, in terms of agreeing on 
a new price structure, and risky to alter 
the structure. The primary risk, of course, 
is that of a loss of monopoly profits from 
a breakdown in the informal price agree- 
ments. It follows that from the industry’s 
point of view, it is undesirable to have 
prices change with the frequent short-run 
changes in demand or cost conditions 
since such changes would open the possi- 
bility of disagreement and threaten the 
structure in an unpredictable fashion.’ 


6 A major reference on the existence and behavior of 
a noncompetitive sector is by Frederick Scherer. The 
notion that each firm maximizes profits Is, of course, 
ambiguous in the oligopoly context. There are many 
approaches to the oligopoly problem. Most, however, 
are compatible with our analysis. It should also be noted 
that a price structure can refer to both interfirm prices 
and interproduct prices. In the first case, firms may not 
all have the same prices; however, differentials are 
agreed upon. The more traditional price structure 
refers to the price list for the various products that the 
firms produce. 

7 The stability of administered firm prices in the face 
of fluctuations in product demand is discussed by Otto 
Eckstein and Gary Fromm. The debate over the ques- 
tion of whether or not administered prices are stable 
dates back to the 1930’s. Scherer concludes that the 
evidence does tend to support those who suggest that 
administered prices are stable. More recently, George 
Stigler and James Kindahl have questioned this con- 
clusion. They contend that the empirical support for 
stable administered prices is based on wholesale price 
indices, which are seller list prices, and argue that a 
series created by observing the actual buying price 
would show a great deal more cyclical variation. This 
is largely due to price shading during recessions. The 
Stigler-Kindahl argument does not necessarily weaken 
the case of the administered sector presented in this 
paper. First, Stigler and Kindahl show only that ad- 
ministered prices are not stable; they do not answer the 
more important question (for our model) as to whether 
those prices are as relatively unstable as competitive 
prices. Secondly, it is likely that administered industries 
do not simply establish a single list price. Rather, they 
establish a trading range which has the list price as a 
marker. Some price shading in this framework would be 
within the bounds of the price agreement of the adminis- 
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As a consequence, a crucial component 
of noncompetitive, or what we will here- 
after call administered pricing, Is that it 
exhibits a certain amount of price stabil- 
ity in the face of variations in market 
conditions. To represent this we assume 
that the price decision is made orly at the 
beginning of a finite planning period. Dur- 
ing the planning period prices then either 
remain constant or change according to a 
set strategy that is part of the initial price 
decision. (For simplicity, our analysis 
concentrates on that case where prices 
are constant over the planning period.) 

In order to preserve the industry price 
structure, it is necessary for the firms to 
develop an agreed upon method of signal- 
ing when prices should change in response 
to changing demand and cost conditions. 
Since price changes are costly and, if er- 
ratic, carry the risk of substartial loss, 
such a device must signal both infre- 
quently and reliably. A traditional method 
for achieving this reliability is to base 
prices on a markup on certain standard 
costs that are both important in total in- . 
dustry variable costs and nearly identical 
for all firms in the industry. Thus, prices 
are often based on a markup cn wages. 
Unions can be helpful if industry-wide 
settlements are the rule although the 
mere existence of a long-term wage con- 
tract is not sufficient to ensure the desired 
wage stability.’ For a long-term wage con- 
tract to have operational significance, it is 
necessary that the contract include a 
wage premium that will insulate the firm 
from short-run changes in the economy- 
wide demand for labor.® If this were not 


tered firms. This could account for the Stigler-Kindahl 
findings and would not be in contradiction to the estab- 
lishment of a fixed pricing strategy. 

8 The term industry-wide settlements includes the 
case where a single contract for an industry ts negotiated 
anc the case where spillover effects link one contract 
in an industry to another. 

? For an earlier and somewhat different view of the 
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the case, wage rates would have to be ad- 
justed frequently to reflect market forces, 
and the advantage of stable administered 
prices based on a markup on fixed stan- 
dard costs would be lost. On the other 
hand, with a wage premium the adminis- 
tered firm hires workers off a queue. 
Fluctuations in product demand, and thus 
in the derived demand for labor, cause 
flunctuations in numbers hired off the 
queue but not in the size of the money 
wage rate offered.” 


The Wage and Price Decision 


For simplicity and in order to concen- 
trate on the inflation problem we assume 
that all variable costs are labor costs in 
both the administered and the competitive 
sectors and that over the relevant pro- 
duction range changes in output are sim- 
ply proportional to employment. One 
consequence of this assumption is that 
since the competitive real wage, w, will 
equal labor’s marginal product (in the 
competitive sector), w will be constant." 
Since wages and prices change together, 


impact of union contracts on wage determination see 
the article by Eckstein and Thomas Wilson. The inter- 
action between noncompetitive elements in product and 
labor markets is developed by John Dunlop (1944), 
(1957). 

10 The argument may be restated to emphasize that 
administered firms desire an assured supply of labor. 
This is similar to the model of administered firm 
behavior suggested by John Kenneth Galbraith. There, 
an assured labor supply as well as an assured supply of 
all inputs (and product demand to the extent that it 
is possible) is desired in order to reduce uncertainty. 
Galbraith interprets this as based on nonprofit maxi- 
mization. We suggest that profit maximizing behavior 
is still relevan=, but must be altered by the explicit 
recognition of uncertainty. 

The assumption of an exogenous real wage is made 
not only for simplicity, but also to stress the distinction 
between our findings and Patinkin-like disequilibrium 
analysis. The movement of real wages over the cycle is 
of great interest, however, its solution involves a more 
complex development of the disequilibrium behavior of 
the competitive sector. See, for example, Don Patinkin, 
R. Clower, Robert Barro and Herschel Grossman and 
E. Roy Weintraub and Sidney Weintraub. The mar- 
riage of our work with these competitive disequilibrium 
models is a difficult and distinct project. 
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we also essurre that the firm simultane- 
ously makes both a wage and a price de- 
cision at the beginning of a fixed planning 
period, at che time T, and maintains both 
until the start of the next period, at time 
T+1. 

The administered firm operates under a 
supply arc demand (for labor) constraint 
that, for any given moment within the 
planning Dderiod, 7, may be written 

wr 
(1a) r<u(= ), 0<7<1 


Tr 





and 


=), 0<7<1 


T+7 





(Ib) LS rat 


where Z :s the actual employment of the 
administered firm, wt and pf are its re- 
spective wage and price decisions made at 
time T and lasting until T-+1, and 
Wry, and pf, are the competitive wage 
and price levels at time T+r, respec- 
tively“? The administered firm regards w° 
and $° as given. The first inequality de- 
notes the labor supply limitation on hir- 
ing, and the second constraint asserts that 
the firm would not hire labor in excess of 
the amount required to produce the cur- 
rent product demand £7. 


12 In a recent paper, George Akerlof develops a model 
of an economy with two noncompetitive firms where 
firm 1 sets its wage and price at time t, t-+2,t+4,..., 
while firm 2 sets its wage and price at t+1, t+3, 
t+5,.... Although there are important differences, 
his model is th closest to our own of any in the litera- 
ture. 

13 These can be interpreted either as stock or flow 
constraints, Since our analysis will hold in either case, 
we will not b2 explicit. 5 

14 This is, o: course, an assumption rather than a 
true constraint and serves primarily to abstract from 
inventory accumulation. The assumption is made 
solely to faciitate the analysis. A stock of inventories 
has a role similar to that of the labor queue. Each is 
useful in avoiding & customer queue, and an adminis- 
tered firm is likely to maintain both-inventories and a 
labor queue. An unexpected increase in the product 
demand would, therefore, lead to a reduction in inven- 
tories and qu2ue sizz. 
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FIGURE 1 
The labor demand function of the ad- we 
ministered firm varies inversely with its (1a’) LSI (2 ; ) 
relative price p°/p*, where p° is used as a Ort 
proxy variable for the overall price level’ and 
The existence of a positive cross-price e 
elasticity between the representative ad- (1b’) L< a (3. pr ) 
ministered firm and other firms in the n Prose 


administered sector and/or firms in the 
competitive sector can justify the down- 
ward slope. The labor supply function 
depends positively on the administered 
firm’s relative wage, w*/w*, because of 
the short-run immobility of labor. 

Denoting the relative wage and price 
by #=wt/wr and p=>pt/pt, equations 
(1a) and (1b) may be rewritten as 


15 Tt might seem better to use an average adminis- 
tered sector price or an industry price as the denomi- 
nator of the relative price term, but as will be seen later, 
the use of the competitive price does provide a satis- 
factory proxy for the relative price term and greatly 
simplifies the model. 


The supply and demand functions in con- 
straints (1a’) and (1b’) are depicted in 
Figure 1. The horizontal axis contains 
either pt/pt,, or wh/wt..; the two are 
equal by the constancy of the real wage. 
The area below the thatched line displays 
the constraints of (1a) and (1b). 

At the beginning of each planning 
period the firm sets wt and p+. In so doing 
it fixes # and ĝ, the slopes of the demand 
and supply curves in Figure 1, and thus 
their intersection pointy. To the left of y, 
customers queue, and to the right of y, 
workers queue. At the beginning of the 
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planning: period, 7 equals zero and the 
administered firm is at the unity point on 
the horizontal axis. As r varies from zero 
to unity, pt/pt., and w/wh,, may 
change, thus altering the position on the 
horizontal axis. The firm’s optimal choice 
of y is determined by the firm’s expected 
rate of inflation and its presumed evalua- 
tion of profits when either workers or cus- 
tomers are forced to queue. If the expected 
rate of inflation, Er= expected (pfii/P1), 
were certain the firm would set @ and $Ê 
(the slopes of the supply and demand 
curves, respectively), so that y=1/Er. 
When the forecast, Er, is not certain, the 
relative cost to the firm of worker and 
customer queues is important in deter- 
mining y. If the realized rate of inflation 
is less than Ær, then workers queue, and 
the profit loss to the firm consists of the 
excess wage premium. On the other hand, 
when thé realized inflation goes beyond Er, 
the profit -oss is in excess of the current 
profit opportunity loss of the low price. 
The reason for the extra loss is that dis- 
appointed customers who are forced to 
queue may not remain as customers in the 
future. The reduction in current account- 
ing profits, therefore, understates the loss 
in discounted lifetime profit. Hence, the 
opportunity loss from underestimating the 
rate of inflation exceeds that of overes- 
timating, and the risk-averse firm will pay 
a wage premium. This safety factor is 
measured by the term Y>1 and the firm 
sets y= 1/ErẸ. 

To summarize, even though the firm 
expects an inflation rate of Er, risk aver- 
sion will lead it to set its market clearing 
point y so as to have a worker queue if 
expectations are realized. It does this to 
reduce the probability of having a cus- 
tomer queue which it views as being more 
costly than a worker queue.” 

4¢ An additional reason for the administered firm to 


pay a wage premium stems from the observation that 
the supply curve of labor is likely to be more elastic 
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It can be snown formally that the above 
model of the administered firm leads to 
wage anc price equations of the form: 


(2a) wy = oVEqwy 
(2b) pr = uY Erpr 


The terms @¥ and pW represent the 
markup of the administered firm since, if 
they were equal to unity, the adminis- 
tered wage ard price would be equal to the 
competitive wage and price adjusted for 
the expected rate of inflation over the 
planning period. The pasic noncompeti- 
tive features of the product and labor 
markets cf the administered firms are 
represented by u and œ. The variables u 
and @ are (increasing) functions of ag- 
gregate demend and may be greater or 
less than unity depending upon the exact 
shapes of tae supply and demand functions 
the firm faces.'8 


than the cenand zurve of labor. The firm belongs to an 
oligopolistic industry and is a participant to an ad- 
ministerec pricing scheme where relative prices among 
firms in ar. industry are largely constant. These features 
decrease the e_asticity of the product demand and thus 
the derived demand for labor. On the other hand, the 
firm may be in a perfectly competive labor market. In 
this case as soon a3 wy,, > WT its labor supply leaves for 
the competitive sector, and the profits of the firm fail to 
zero. To avoid this the administered firm will establish 
a worker queue by setting &>1. More generally, labor 
supply may be sufficiently more elastic than labor 
demand and the argument will still be valid. 

17 The formulas are derived in our 1972 paper. Mark- 
up formulas also flay a central role in the macromodel 
developed by S. Weintraub. 

18 Tf J is small enough, ¢¥ may be below unity so that 
the noncompz2titiv2 firm would not pay a wage premium 
over the competitive wage. (If one assumes that the 
competitive end noncompetitive firms produce different 
products, then th? notion of a price premium is not 
well defined and, therefore, does not play an important 
role in the model. Since we are assuming homogeneous 


‘labor, however, tke notion of a wage premium is well 


defined.) The question as to whether noncompetitive 
firms pay z wage above the competitive wage, however, 
is largely empirica! and should not be confused with the 
fact that the administered firm always pays a premium 
over the wags necessary to clear its own labor market. 
Since there is considerable evidence that noncompetitive 
firms do pay kigher wages than competitive firms, we 
will assume that this is the case throughout the re 


VOL. 63 NO. 4 


In the above discussion, the justification 
for the behavioral assumptions of the ad- 
ministered sector is based on decision 
variables under the control of the ad- 
ministered firm. The model, however, 
should be interpreted as being relevant to 
a broader group of industries than those 
traditionally recognized as having very 
high concentration ratios. First, similar re- 
sults may be obtained for industries where 
the decision variables are, at least par- 
tially, controlled by labor unions. The 
results above suggest that the firms set 
their wage and price strategies at the be- 
ginning of a planning period (maintain a 
fixed strategy over that period) and pay a 
wage premium. Clearly, these same fea- 
tures are desired by labor unions. Tradi- 
tionally, unions are viewed as attempting 
to achieve a wage for their members which 
is greater than the wage dictated by 
market conditions. Furthermore, since 


contract setting is a costly process, unions. 


do not seek continuous renegotiation of 
contracts; rather, they prefer contracts 
which are fixed for a period of time. Sec- 
ondly, the dichotomy of firms as com- 
petitive or noncompetitive is not critical. 
More realistically, industries may be 
classified along a continuum with respect 
to their noncompetitive features. The in- 
teraction among firms along the con- 
tinuum will lead to the same qualitative 
macro-economic behavior that is described 
below for the dichotomous case. 


IJ. The Competitive Sector 


In the competitive sector, the wage and 
price adjust continuously to clear the 
market.!* The assumption of instantaneous 
reaction in the competitive sector is made 


mainder of the paper. The qualitative results of later 
sections do not depend upon this assumption to any 
significant extent. 

19 As in the section on the administered firm, we 
assume that the capital stock, technology, and the real 
wage are fixed. 
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solely to concentrate attention on the 
economic effects that arise when a non- 
competitive sector exists along with a 
competitive sector. The recent neoclassical 
literature on transactions costs and other 
frictions in a competitive economy could 
be built into our competitive sector. In- 
deed, it is suggested below that any lags 
of adjustment that may occur will be ad- 
ditive to the institutional lags of the non- 
competitive sector.” 

Assuming that the aggregate labor sup- 
ply is fixed, the supply to the competitive 
sector may be written as a residual and is- 
given by 


a we 
(3) L— Ss (=) 
| we 


where Z is the (assumed) constant ag- 
gregate supply of labor, and Sw/w*) is 
the labor supply to the administered sector 
written as a function of relative wages. 
The derived demand for labor in the com- 
petitive sector is assumed to bə propor- 
tional to aggregate demand, denoted m. 
On the assumption that the competitive 
labor market is continually in ecuilibrium 
we have 


= we 
(4) km = L — S° (=) 


ge 


where k>0 is the constant propcrtionality 
factor in the labor demand equation.” 
Equation (4) indicates that the level of 
aggregate demand is uniquely zelated to 
the relative wage. 


*0 See, for example, Charles Holt and Da.e Mortensen 
for a discussion of the labor market mechanism in a 
competitive economy. 

21In a model with two broad classes of output it is 
reasonable that the output of both sectcrs should be 
strongly superior goods in the sense that a rise in the 
level of real balances would require an extreme price 
shift to prevent aggregate demand for tae output of 
either sector from rising. Furthermore, if one conceives 
of the noncompetitive sector as being composed pri- 
marily of manufacturing industries and the competitive 
sector as being composed primarily of service industries, 
then the cross-price elasticity between ths two sectors 
is likely to be close to zero. 
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II. The Macromodel 


In this section we will put together the 
pieces constructed in Sections I and II 
into a single macromodel. Since the com- 
petitive sector has been developed in ag- 
gregate form, it only remains to aggregate 
the administered firms into a single ad- 
ministered sector. We assume that the 
administered firms all have planning pe- 
riods of identical length but that the 
initial point is different for each. If the 
administered firms have initial decision 
points distributed uniformly over the in- 
terval between T—1 and T, and if all 
firms are identical, then the administered 
wage and price indices may be represented 


by 


T 
(5a) w (T) = Í w,dr 
T1 
and 
a g (3 
T1 


The principal aggregation problem is to 
find an expression for aggregate unem- 
ployment in the economy as a function 
of the demand proxy variable, m, and the 
wage and price variables. Since we have 
assumed that the competitive sector labor 
market clears continuously, all of the 
system’s unemployment is found in the 
labor queues of the administered sector. 
This is, of course, not the only type of un- 
employment in the economy, and we are 
abstracting away from the other forms in 
order to concentrate on the implications 
of our two-sector labor market model. 

The worker can either work in the com- 
petitive sector or seek work in the ad- 
ministered sector. The recent literature on 
job search strongly suggests that the 
workings of the labor market and the time 
constraint of a 24-hour day makes it un- 
likely that a worker can simultaneously 
search for a job in the administered sector 
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while working in the competitive sector. 
At any rete, to do so would be costly and 
this is really all that is required for our 
analysis.” 

Figure 2 displays the aggregate demand 
and supply curves for labor in the ad- 
ministered sector as a function of the rela- 
tive wage for a given level of aggregate 
demand, m. As with the product demand 
in the competitive sector, we assume 
away relative price effects (due to the 
level of aggregation), and, given homoge- 
neity, this allows us to write the sector’s 
demand <or labor as D*(p*/p*, m)=6m. 
The curve S¥(w*/w*) is the full employ- 
ment supdly function that gives the num- 
ber of workers who would be willing to 
work in the acministered sector if the 
probability of finding employment in the 
sector weze equal to unity. For w*/w*>1, 
it asymptotically approaches the aggre- 
gate labor supply JZ. It is not coincident 
with ZL secause of the mobility costs. 
associatec with moving between sectors. 
For a relative wage equal to (w*/w*)o, the 
amount ol labor hired in the administered 
sector is D*= 8m. The horizontal distance 
between D? and Sf at (w*/w*)o, however, 


does not give the unemployment in the 


system; as long as unemployment is 
positive (and thus the probability of find- 


2 The general view in the search literature is that a 
worker cannot apply once-and-for-all for a job with a 
firm in the high wage sector and then, while waiting 
to be called fr employment, hold a job in the low wage 
sector. Hirinzs are made from the pool of active job 
applicants, taat is, when a vacancy develops, the first 
“qualified’’ iadividual to come into the personnel office 
is hired. This is less costly to the firm than attempting 
to trace bacx old applicants who may have applied 
first for the job. Indeed, the older the date of applica- 
tion, the less likely it is that the applicant can be found 
or will stil. be interested. Consequently, it is the indi- 
vidual who spends his day visiting personnel offices, 
who is likely to be hired in the high wage sector. In 
fact, the worker is not constrained to join the queue of a 
single administered firm; rather, each worker can search 
among a number of firms. As a consequence, the notion 
of unemployment is well defined only for the adminis- 
tered sector zs a whole and not for individual adminis- 
tered firms. 
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FIGURE 2 


ing work is less than unity), the actual 
supply function to the administered sector 
is to the left of Sọ. 

The position of the observed (disequi- 
librium) supply function to the adminis- 
tered sector S* depends upon two con- 
flicting forces. Namely, as relative wages 
are increased, the reward for choosing the 
administered sector rises, but to the ex- 
tent to which the ratio of S*/D# rises, so 
does the probability of not being em- 
ployed. The observed supply function is 
bounded on the right by Sọ, where the 
discouraged worker effect is zero, and on 
the left by D+, since on D* the probability 
of being hired is equal to unity.” Thus, S* 


2 The supply function $° is observable only where its 
slope is greater than the slope of the demand function. 
If this were not the case, unemployment would fall as 
the relative wage was increased, and to the extent that 
the administered sector was aware of the shape of 


will be determined as the solution to an 
equation of the form: 


Š Tan em U l 


c a 
We D 








where U=S+*— De is the amount of un- 
employment in the system.” Assuming 





Se, it would never increase its relative wage into this 
region. Notice that if De—0 as the relative wage rose 
then Se could actually fall with rising relative wages. 
The workings of the supply mechanism with demand 
shifts are obvious. An increase in real balances shifts 
the administered sector demand function to the right, 
and if relative wages are held constant, this will increase 
employment in the sector. The increase in employment 
increases the probability of being hired and this, in turn, 
shifts the supply function S¢ towards the full employ- 
ment supply Sf, 

In this model the existing unemploymen: is not 
strictly search unemployment in the sense that we do 
not have heterogeneous workers searching among 
heterogeneous jobs and there is no lack of information 
as to the probability of a worker being hired in the ad- 
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that this equation may be solved explicitly 
for U and approximated by a linear form, 
we have 








| wT) 
(7) U =e jy — hDe 
w, 
we T 
oT a = j= fee 
wy 


where e, f>0, and 0 <h<1. The parameter 
k may differ from unity because of the in- 
fluence of the change in the probability of 
being hired upon the supply of labor. For 
simplicity, we will assume that % is con- 
stant. ' 
The unemployment described by equa- 
tion (7) is similar, in a theoretical sense, 
to the unemployment that arises in a dual 
labor marxet setting which contains a 
high wage sector and a relatively low 
wage, market clearing sector. Although 
the dual labor market has traditionally 
been viewed as relevant to underdevel- 
oped economies, current empirical re- 
search suggests that it is also descriptive 
of developed economies such as that of the 
United States. As mentioned above, 


however, this paper assumes market clear- 


ing in the competitive . sector solely to 
concentrate on the effects introduced by 
the interaction between the two sectors. 
The effects of this interaction on wage 


ministered sector. The assumptions of homogeneous 
workers and jobs and perfect information on the prob- 
ability of being hired are made only to simplify the 
aralysis. The model, however, mey be extended—with- 
out altering the conclusions of the paper—by explicitly 
introducing search considerations. 

2 A component of unemployment in the dual theories 
arises because the price of Jeisure is greater than the 
wage in the low wage sector, but lower than the wage 
in the high wage sector. Hence, workers who are unem- 
ployed for a prolonged period eventually leave the 
labor force. In this paper, the size of the labor force is 
assumed to be exogenous so that unemployed workers 
are assumeé to prefer work in the low wage sector than 
to be out of the labor force. This assumption, which‘is 
made to simplify the analysis, can easily be altered. For 
a still more general theory one could also introduce 
heterogeneous workers and jobs as discussed in fn. 24. 
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determination and inflation, however, are 
not sensitive to the precise assumptions 
concerning market clearing. 

For referer.ce, the complete macromodel 
is written below. The wage and price 
equations are 


F 

(5a) w (T)= | wedr 
T~I 

and 

(Sb). p(T) =] pdr 
T-1 


where the administered markups are given 





(2a) w, = olm) PE, w, 
and 
(2b) b, = p(m) EE, p: 
Aggregate unemployment is given by 
() ye tei 
T 


Using (7}, the competitive market clear- 
ing equat:on may be written as 


(4) cm = iz — (« so + jt 


where 





btas 


Equaticn (4°) implies that the relative 
wage structure is a function of aggregate 
demand alone: 


we(—) 
¢ 
T 





_C-fy-om 


€ 


(8) 


w 


Hence, unemployment becomes a function 
of aggregate demand, Le., 


wt T) 





(9) Use +f — hpm 


Wp 
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IV. Steady-State Dynamics 
Constant Expectations 


In this section we investigate the man- 
ner in which the two sectors interact in the 
macromodel. We shall find that the steady- 
state dynamics of the model can describe 
many empirically observed phenomena. It 
is easiest to begin by analyzing the case 
where expectations are constant, E= E, 


and where competitive wages and hence - 


prices are growing at a constant rate of 
growth £, i.e., 


(10) Dwr = Dpr = £ 


where Dx=(1/x)dx/dr. From the def- 
nitions of the aggregate wages and prices 
(5) and the markup equations (2) we have 


T T 
(11) w (T) = f wdr = ¢¥Ew,dr 


Ti Ted 
= ¢VEg(t)w; 
where 
z 1 ; 
=f trades 
T1 E 


Hence, relative wages and prices are given 
by i 








a( T 
as eye 
T 
and 
a( T 
am oe a pte 


t 

Since g(£), the growth markup, declines 
monotonically in 4, the wage and price 
premium of the administéred sector varies 
inversely with the rate of change of wages 
and prices. To understand this result, 
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suppose that the system is originally in a 
dynamic equilibrium with wages and 
prices increasing at the rate £ in both 
sectors. Let the system be disturbed by an 
increase in Dwi to £’>£. Since the entire 
competitive sector adjusts continuously, 
ë is the rate of wage change for all com- 
petitive firms. The administered sector, 
however, adjusts with a lag; the only 
administered firms that can adjust im- 
mediately to the change are those at the - 
beginning of a new planning period. The 
result, in steady-state equilibrium, is a 
narrowing of the wage structure. Further- 
more, as long as expectations are un- 
changed (an assumption that we will drop 
in the next section), the wage structure 
will remain indefinitely in the narrowed 
position given by the equilibrium equa- 
tions (12a) and (12b). Although the repre- 
sentative administered firm ‘“‘catches up” 
with the competitive sector at the begin- 
ning of its planning period, the firm plans 
only an inflation markup of £ for the 
planning period. Consequently, the larger 
is &’, given E, the further behind the firm 
will be at the end of the planning period. 
(This does not mean that w*(T) necessarily 
falls behind wy. That result would depend 
upon the difference between Dw}, and Er 
in relation to the markup ¢¥.) Since the 
economy, at any point in time, consists of 
administered firms at different stages of 
their respective planning periods, it fol- 
lows that the greater the growth rate, the 
narrower the wage structure.” l 

The above analysis is useful in tracing 
out the effects of changes in aggregate 
demand or real balances on the rate of 
inflation and unemployment, as the econ- 
omy moves across steady states with 


z3 For a further discussion of the mechanism through 
which the wage structure varies over the cvcle, see 
Wachter (1972). Evidence that the wage structure 
narrows when aggregate demand rises (and thus unem- 
ployment declines) also may be found in the Wachter 


_ paper. 
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constant expectations. Given our assump- 
tions about price elasticities, an increase 
in m appears as an increase in demand to 
both sectors. For the high wage sector the 
Immediate adjustment means an increase 
in sector employment and thus a decrease 
in the size of the queue. If the competitive 
sector also is to meet the increase in de- 
mand, it must attract labor from the 
queue of the high wage sector. As a result, 
it must increase its relative wage. Dif- 
ferentiating (8) with respect to m, we 
obtain 


aw (T)/wr) _ 


om 


— c/e< 0 


that is, to allow increased hiring in the 
competitive sector, the wage structure 
narrows with an increase in real demand. 
Clearly, however, this narrowing cannot 
be brought about simply by a once-and- 
for-all increase in the competitive wage 
level since such a wage increase would be 
matched by firms in the administered 
sector. The only way for the low wage 
firms to succeed in raising their relative 
wage is to increase their rate of wage 
change Dwr. The mechanism through 
which an increase in Dw or € narrows the 
wage structure was described above. 

To formally verify that an increase in 
demand increases the steady-state rate of 
inflation, we differentiate (12a) with re- 
spect to m, 


l ð 
(12) WE (+ (mgl) + lmg (E) ) 
Om 


-4H EEE. 


Wh € 





and solve for 


c , , 

at aoe W Eo’ (m) g(é) 

Ga e 
ðm WEd(m) ¢g' (E) 
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Since the markup increases with increases 
in demand, ¢'(m)>0, and since g’(£) <0, 
we have 0¢/dm> 0,27 

The impact of changes in m on unem- 
ployment can be obtained by differentiat- 
ing (9) w-th respect to m. It is obvious 
that an increase in real balances or ag- 
gregate demand causes a decrease in un- 
employment. 

The implications of an increase in ag- 
gregate demand may be summarized in the 
following manner. Assume the system is 
originally in equilibrium with =. For 
both sectors the increase in aggregate de- 
mand causes a shift in the derived de- 
mand for labor. The high wage sector can 
satisfy its increased demand by drawing 
upon its labor zueue, that is, reducing un- 
employment without increasing its rate of 
wage change. [The low wage competitive 
sector, on the other hand, needs to increase 
its wage cffer relative to the high wage 
sector in order to attract the additional 
workers from the unemployment pool of 
the high wage sector. The increase in rela- 
tive wages is achieved for constant ex- 
pectations by increasing Dwr. Further- 
more, the larger the increase in aggregate 
demand, tie greater the increase in the 
rate of infation, the narrower the wage 
structure, and hence, the smaller the re- 
maining uremp!oyment.?* This inverse re- 
lationship between inflation and unem- 
ployment ts the short-run Phillips curve 
displayed in Figure 3. 


nealsed Expectations 


The Philips curve is a steady-state con- 
cept, drawn for a particular level of ex- 
pectations. Friedman and Phelps have 


27 The assertion that #’(i) >0 is an intuitively clear 
result and will be assumed below. 

8 Notice that since a given wage structure is associ- 
ated with a given unemployment rate, a low unemploy- 
ment rate meens a high rate of aggregate wage and 
price change, but not a constantly changing relative 
wage. 

29 The convexity of the Phillips curve is assumed. 
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argued that the curve will shift vertically 
upward by 1 percent for every 1 percent 
increase in expectations. Suppose on the 
Phillips curve of Figure 3 the point (UV, £) 
had the property that expectations were 
realized, i.e., the actual rate of inflation £ 
was the rate expected. If a rise of AŁ in 
expectations caused the curve to shift up- 
ward by Aé, then (U, £+A£) would be the 
point on the new curve where expecta- 
tions were realized, and there would have 
been no alteration in unemployment, U 
(hence, m could remain constant). In other 
words, the fully anticipated inflation has 
had no real effects, and if we connected 
all the points at U, we would have a ver- 
tical long-run Phillips curve. In our model 


this is not the case and inflation, even 
when fully anticipated, will have real ef- 
fects. 

Since expectations are realized, in con- 
tinuous time Ær will be some function of 
the actual rate, and for the present we let 


Er = Ef (pt4) /br} 


c e 
= pr/pr-i = € 


justifying this assumption below. Sub- 
stituting this into the wage structure 
equation (12a) we obtain 


2 


2# This is a bit ambiguous. More precisely, the infla- 
tion has no real effects if aggregate demand is held 
constant, but then expectations cannot Le realized at 
all rates of growth. This is discussed below. 
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w*(T) 





(15) = Felg = ohh) 


where A(t) =e'/*g(£) is the growth markup 
with realized ‘expectations. Unlike g¢(¢), 
h(E) is an increasing function of the growth 
rate (for €>0), and with realized expecta- 
tions the wage structure widens with in- 


creases in the rate of wage and price in- ` 


flation.*! 

The response of the system to changes 
in aggregate demand and the nature of the 
long-run Phillips curve may now be iden- 
tified. From (14) we have 


c 
- — — — We! (m)h(E) 
E E EE, 
ðm Yelm)h' ($) 

since ġ’(m) >0 and h’(€) >0. That is, when 
expectations are realized, an increase in 
real balances is associated with a lower 
rate of wage and price inflation. As a re- 
sult, since an increase in real balances (or 
“aggregate demand) reduces unemploy- 
ment, the long-run Phillips curve (Figure 
3) has a positive slope, i.e., 


(17) Á = ——— > 0 
U am ðU 


The emergence of an upward sloping 
long-run Phillips curve has its roots in 
the assumption that the administered 
firm finds a customer queue more costly 
than a worker queue or, alternatively 
(where the kigh wage sector is a unionized 
sector), that the union desires a wage 
premium for its members. This implies 
that the firm sets its wage and price de- 


3! Letting /:(x) = (e —e =) /x, sign h'(x) =sign {(x—1)e 
+(x+1)e=}. Since #’(0)=0 and d/dz|{x—1)e 
t+(x4+Let]=x2e—e 7) for x>0, we must have 
A’(z)>0, and for «<0, h’(x)<0. In what follows we 
will consider only the case where £>0. For the alterna- 
tive case, see the discussion at the end of this section. 


SEPTEMBER 1973 


cision sc as tə have a worker queue over 
the bulk af the planning period, i.e., the 
full emaloyment point, y of Figure 1, is 
reached near the end of the period. To see 
heuristically that this implies an upward 
sloping Fhillips curve, suppose that the 
actual ard realized rate of ‘inflation in- 
creases. Assume that at the initial rate 
of inflaticn tke firm would be at point a, 
in Figure 4+, at the end of the planning 
period, whereas at the higher rate of in- 
flation it would be at point b at T+1. If 
the firm always desires a worker queue, Y 
is set at the end of the period and an in- 
crease in £ causes firms to increase their 
relative wage and thus to alter L? and L5 
so that they intersect at b rather than at a 
in Figure 4. Thus, if a firm desires to 
maintain a worker queue throughout the 
planning periad, an increase in the rate of 
inflation forces the firm to increase its 
relative wage and hence the average num- 
ber of workers on the queue (ie., the 
number of unemployed workers) through- 
out the period also increases. It is shown 
above, algebraically, that if firms look 
roughly te the middle of the period, i.e., 
E=eél?, tkis is sufficient to override the 
growth markup, g(£), making h(£) positive 
and hence yielding an upward sloping 
Phillips curve. Since firms look more to 
the end than to the beginning of the 
period, they set H>e#!?, and the upward 
sloping curve holds e fortiori. 

In summary, the markup g({£) indicates 
the extent to which the administered sec- 
tor lags kehind the competitive sector. 
Consequent_y, as the rate of inflation, &, 
increases and g(#) declines, the wage 
premium narrows. When the increase in 
£ is anticipated, though, administered 
firms respond by increasing their wage 
markup. This offsets the narrowing of the 
premium induced by the lag of the ad- 
ministered sector. The net result is an in- 
crease in the wage differential and, hence, 
in unemployment. 
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In the case where the economy is de- 
flating, the above arguments are reversed. 
Now the firm will attempt to set the full 
employment point y (perhaps to the right 
-of unity) near the beginning of the plan- 
ning period, allowing the deflation to 
carry it into a worker queue region over 
the bulk of the period. Consequently, the 
deflation markup will be close to unity, 
and h(&) will be close to g(é). The signs of 
(16) and (17) will now be reversed, and 
the long-run Phillips curve will be down- 
ward sloping (see Figure 3). This implies 
that there is a minimal level of unemploy- 
ment, U in Figure 3, which can be at- 
tained by aggregate demand. policies 
alone when expectations are realized. At- 
tempts to achieve lower unemployment 


than U through aggregate demand pol- 
icles, cannot succeed in the long run. 

A caveat is necessary in concluding this 
section. Although we have derived a so- 
called long-run Phillips curve, the notion 
of long-run equilibrium in an economy 
with noncompetitive elements is am- 
biguous. In particular, it is possible that 
institutional features may change in the 
long run in response to economic variables. 


% Although the c-shaped long-run Phillips curve in 
the above analysis is based on the assumed attitude of 
the administered firm towards a customer queue, other 
reasonable behavioral assumptions could also lead to 
the same result. For example, if administered firms 
view demand as being more uncertain when prices and 
wages are changing rapidly rather than when they are 
changing slowly, the safety factor, ¥, would become a 
function of & so as to result in a c-shaped Phillips curve. 
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For exaniple, the length of the planning 
period, which is assumed to be fixed in the 
previous analysis, may shorten as a long- 
run response to a rapid (positive or nega- 
tive) rate of inflation. Escalator clauses 
would have this effect. A model where the 
length of the planning period is an en- 
dogenous variable is presented in our 
1972 discussion paper. 


V. Theoretical and Policy Implications 


The Phillips Curve 


The model presented in this paper sug- 
gests several labor market features that 
were largely ignored in earlier work on the 
Phillips curve. The stability of expecta- 
tions is a function of the time horizon of 
the forecast. In most empirical work that 
takes account of expectations, the time 
horizon of the expectation is anywhere 
from one quarter to one year; that is, the 
market is viewed as being concerned with 
wage and price changes (or wage and price 
levels) that are expected to occur within 
the next year. The presence of a planning 
period lag, however, implies that the time 
horizon for expectations should at least 
be equal to the length of the planning 
period. In certain key manufacturing 
sectors of the economy the presence , of 
union-negotiated contracts creates a plan- 


ning period of two or three years in dura- ` 


tion, whick implies a relatively long time 
horizon. As the expectation time horizon 
increases in length, the expectations series 
for a cyclical economy such as that of the 
United States becomes smoother; that is, 
whereas the expected rate of price change 
anticipated by businessmen for, say, 1972 


may be large (in relation to the historical 


mean), the expected rate of price change 
for the longer period of 1972 through 1975 
is likely to be considerably closer to the 
historical mean. The smaller is the vari- 
ance of the expectations series, of course, 
the more stable is the Phillips curve. Only 
significant changes in expectations or 
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changes in expectations that do not aver- 
age out over a three-year period appear 
in the plenning period expectational series 
and cause a s2ift in the Phillips curve.*® 
Although the expectational effect in- 
creases the stability of the Phillips curve, 
it also introduces a long lag between cur- 
rent wage and price changes and past 


_ rates of inflation. Furthermore, this lag 


is augmented by the catch-up effect; that 
is, a firm waich guesses incorrectly the 
developments. over its contract period, 
must wait at leest until the beginning of a 
new planning period before it can rectify 
the past error. The expectational and 
catch-up effects operate in the same direc- 
tion. When the current inflation rate is, 
for example, above the expected rate, not 
only are expectations likely to increase, 
but also the catch-up is positive. A lack 


of attention ta these long lags may help to 


explain the tendency of empirical Phillips 
curves tc underpredict the rate of infla- 


_ tion between 1959 and 1972. 


_ Socict Costs and Stability 


The social cost of having an adminis- 
tered sector is associated with the unem- 
ployment on the labor queue of the high 
wage sector.** The cost of unemployment 


. % The stability of the short-run Phillips curve is 
further enhanced by the inclusion of short-run frictions 
such as-money ilusion which will interact with the 
planning pericd efect in an additive fashion. Given an 
unanticipated inflation, the presence of money illusion 
on the part of workers, for example, may be indicated 
by an increase in the aggregate labor supply Z at any 
given real wage rate. This enables the low wage sector 
to attract adcitional workers without the necessity of 
increasing relative wages (in order to draw down the 
queue of the high wage sector). In turn, to the extent 
that the queue to the high wage sector is not reduced, 
there is no reason Zor that sector to revise its wage offer. 
As the money illusion wears off so that Z returns to its 
former level, the lw wage sector is forced to increase £ 
in order to attract additional workers. It is only at this 
point, with the increase in ¢ and the decrease in the 
labor queue. that the high wage sector need adjust 
its wage offe:. 

3 In fact, since we assume that the low wage sector 
clears contiruously, the only cause of unemployment 
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is a cost to society in the form of output 
foregone; that is, there is a production in- 
efficiency (arising in part from the diver- 
gence in wage rates). In addition to ef- 
ficiency considerations, there is also a re- 
distribution of income to those who are 
employed in the high wage sector from 
those who are not (whether they are 
in the queue or in the competitive sector). 
The dynamic costs to society imposed by 
the administered sector turn on the ques- 
tion of macro-economic stabilization pol- 
icy.” To the extent that it is understood 
by the policy makers, the lags associated 
with the planning period effect increase 
the stability of the system. If the dynamics 
of the mechanism are misunderstood, for 
example, if the government interprets the 
short-run Phillips curve as a loci of at- 
tainable long-run options, attempts to 
control the economy can be destabilizing. 
One important potential for error con- 


cerns the identification of the source of: 


the inflation. For example, suppose that 
the government increases aggregate de- 
mand from m to m’ (in Figure 3) but then 
becomes dissatisfied with the resulting 
rate of inflation &’. It, therefore, decreases 
demand back to m. Unemployment in- 
creases back to U, but since administered 
firms are still adjusting to the past price 
increases, the rate of inflation at first re- 
mains above £. Due to the planning period 
lags, the government cannot lower the 
rate of inflation as fast as it can increase 
the unemployment rate. The danger is 
that the government may erroneously de- 
cide that the economy is suffering from a 


n 


in the model is due to the queue for the administered 
firms. It should be stressed again that our assumption 
of continuous market clearing in the competitive sector 
is made solely to permit us to concentrate on the infla- 
tion effects of assuming a two-sector market. 

% We will be concerned in this section principally 
with the instability issue itself and will not attempt to 
formally link this to social costs. 

3 This result may be derived from the disequilibrium 
dynamics of the model. 
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cost-push inflation. Furthermore, the evi- 
dence would: lend misleading support to 
this view. Despite the fact that unem- 


- ployment is rising, the rate of wage change 


in the high wage (possibly unionized) sec- 
tor would be greater than the wage change 
in the competitive sector, widening the 
wage structure and giving (to what is a 
catch-up phenomenon) the appearance of a 
wage or cost-push. This exercise is meant 
as a capsule summary of the recent U.S. 
inflation experience in the period from 
1968-71, culminating in the adoption of 
wage-price controls in August 1971. For a 
further discussion of this point see the 
paper by Wachter (1972). 

A particularly intractable problem grises 
when the administered sector has ex- 
pectations of inflation that are greater 
than the rate of inflation which is desired 
by the government. The problem in this 
case is that the administered sector firms 
lock themselves into the higher expected 
rate for the length of the planning period, 
and the government then faces the choice 
of either lowering aggregate demand in the 
hope of reducing expectations for those 
firms that are beginning their planning 
period or validating the higher rate of in- 
flation by increasing real balances. In the 
former case the anti-inflation policy re- 
sults in both high unemployment and 
high inflation as long as it takes for ex- 
pectations to be adjusted downward. If 
the latter policy is adopted, low unem- 
ployment can be maintained but only at 
the cost of spiraling inflation. 

To summarize, the planning period 
effect permits the government to reverse 
any shocks that may increase the rate of 
inflation to an undesirable level, but if the 
government misinterprets the lags in the 
structure, it may adopt policies which are 
themselves destabilizing. In addition, dif- 
ferences between the expectations oi the 
administered sector and the government’s 
desired rate of inflation will be particu- 
larly difficult to deal with. 
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Male-Female Pay Differentials in 
Professional Employment 


By BURTON G. MALKIEL AND JUDITH A. MALKIEL” 


This study analyzes salary differentials 
among a sample of 272 professional em- 
ployees of a single corporation. While it is 
dangerous to generalize from the practices 
of one employer, a micro-economic case 
study approach has several advantages. 
Firstly, because the employer in question 
hires large numbers of men and women 
doing the same range of jobs, a measure of 
the extent of sex discrimination can be 
obtained, holding occupation constant. It 
has been almost impossible to obtain such 
estimates in the past, since as Victor Fuchs 
has indicated, men are seldom employed 
in the occupations employing large num- 
bers of women, and vice versa. Secondly, 
because the study has been confined to 
highly educated professional employees, 
the sample of men and women is rela- 
tively homogeneous with respect to career 
interests and attachment to the labor 
force. Other studies of sex discrimination 
have usually failed to distinguish between 
two very different groups of women em- 
ployees: those with a long-run commit- 
ment to their occupation and those whose 
attachment to the labor force is tem- 
porary. Thirdly, since the employer opened 
its full personnel records to examination, 
it was possible to obtain detailed informa- 
tion on the previous experience and per- 
sonal characteristics influencing salary 


* Professor of economics, Princeton University and 
examiner, Educational Testing Service. We are grateful 
to Orley Ashenfelter, Alan Blinder, George Borts, 
Daniel Hamermesh, Jacob Mincer, Richard Quandt, 
and Albert Rees for many helpful comments and sug- 
gestions; Ellen Yaroshevsky for collecting the data; 
Elvira F. Giaimo for programming the calculations; 
and the National Science Foundation for financial 
support. 


693 


differentials.1 Such information has gen- 
erally been unavailable in previous studies. 
Finally, because the employees in the 
sample have invested considerable years in 
higher education and in postschooling in- 
vestments, an analysis of the salary dif- 
ferentials of this sample shoulc provide 
information on the relevance of recent ex- 
planatory models of wage differentials in 
the human capital tradition at a level of 
disaggregation never used before. 

After a brief review of the postschooling 
investment model as an explanation of 
salary differentials, estimates of the model 
as applied to men and women employees 
separately are presented in Section II. A 
somewhat expanded model, including pro- 
ductivity measures relevant to the em- 
ploying organization, is estimated in 
Section II. In Section IV, the concept of 
discrimination is examined and estimates 
of discrimination against women are pre- 
sented. In Section V, a “job level’ vari- 
able is added to the equations and the 
assignment of men and women to job 
levels is analyzed. We conclude in Section 
VI that the source of any discrimination 
against women is in job assignments rather 
than in pay differentials between the 
sexes for the same job. 


I. The Postschooling Investment Model 


According to the human capital ap- 
proach developed by Gary Becker and 
Jacob Mincer, an individual’s gross an- 


1 We are extremely grateful to the organization, which 
wished to remain anonymous, for its generosity in pro- 
viding us with all the personnel information available 
to it. 
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nual earnings can be related to past in- 
vestments as follows: 


t-—l1 
(1) W= Wot+r >, Ci 

imi 
where W, is the gross annual wage in 
period t; C; is the cost of human capital 
investment during period 7; r is the rate of 
return (assumed to be constant over time) 
to human capital investment; and W, is 
the annual wage that would be received in 
the absence of any human capital invest- 
ments. 

If formal education is the only capital 
investment and if the costs can be es- 
timated as the earnings foregone during 
schooling, Becker and Barry Chiswick as 
well as Mincer have shown that equation 
(1) may be rewritten as 


(2) la (W4) = in (Wo) + 7S 


where S represents the number of years 
cf formal education in which the individual 
has specialized in human capital forma- 
tion. The model can also be expanded to 
include investment in on-the-job training. 
Letting k stand for the fraction of time 
invested in on-the-job training at the start 
cf work experience, and assuming that 
such investments decline linearly over 
time (as by the relationship k;= ko 
—(Ro/T);, where T stands for the years of 
work experience when on-the-job training 
ends), we may modify equation (2) as 
follows: 


(3) In (Wi) = In (Wo) + rS + reko 


Such formulations may be found in 
Mincer and Thomas Johnson. 

In (3), the subscripts s and e allow the 
rates of return for schooling and experi- 
ence to differ, and 7 stands for the number 
of years of work experience. The log of 
wages is related linearly to the years of 
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schooling (S) and in a quadratic fashion to 
the years of work experience (j). We call 
this the narrow form of the postschooling 
investment model. 


II. Estimation of the Narrow Post- 
schoo-ing Investment Model 

This section presents cross-sectional es- 
timates cf the narrow form of the model. 
The dependent variable was the em- 
ployee’s annual salary (or the full-time 
equivalent armual salary for the few part- 
time worsers in the sample).? The number 
of years of schooling was measured as the 
years of education beyond high school. 
It was necessary in many cases to divide 
some cf the years of graduate training 
into partial years of schooling and partial 
years of experience, as, for example, when 
the student held a part-time research or 
teaching job. The detail in the individual 
personne. folders made such divisions 
possible. Experience (outside of the pres- 
ent organization) was broken down into 
two categories: related (to the present job) 
work experience and unrelated experience. 
An example will illustrate how the division 
was made. 

Suppose a man with two years of ex- 
perience at a university or research or- 
ganization was hired as a research scien- 
tist. Cleerly his experience is related to 
the present job and undoubtedly con- 
siderab.e on-the-jcb training investments 
were uncertaken during that period. On 
the other hand, if the individual came to 
work as a research scientist with two 
years’ experience as a busboy after school- 


2 This waze is net of any postschooling investment 
in the current year. According to equations (1) to (3), 
however, Ít § the gross wage (before investment) rather 
than the nes wage paid that is the correct dependent 
variable. Tz s likely that the discrepancy is very small, 
however, especially for the year 1971, since only workers 
already in tae organization by 1968 are included in the 
1971 sample. Presumably these employees have com- 
pleted a considerable part of their apprenticeship period 
during which most of the pastschcoling investment 
takes place. 
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TABLE 1—EsTIMATES OF NARROW FORM OF THE POSTSCHOOLING INVESTMENT Moper”® 


1969 


Coefficient 
Sample Constant 
Group Term S j 
Men 8.697 +0.081 +0.054 
(9.93) (11.37) 
Women 8.504 +0 .066 +0 .059 
(6.47) (8.91) 


Standard 
— Error of 
ta R? F-Value Estimate ` 
—0.001 0.71 125.07 0.167 
(8.17) (3,155) 
 —0.001 0.68 78.89 0.192 
(5.45) (3, 109) 


a Numbers in parentheses below the coefficients are ¢-values. . 
5 S$ is years of schooling after high school, j is years of seniority and relevant work experience. Underneath the F- 
value the degrees of freedom are shown; the standard error of estimate is adjusted for degrees of freedom. 


ing, the experience was coded as unre- 
lated. Experience was coded as unrelated 
only if it was clearly irrelevant to the 
present occupation. Experience in the 
present organization (seniority) was sim- 
ply the number of years employed. As will 
be explained below, related work experi- 
ence outside the organization and work 
experience within the organization were 
combined into one experience variable. 

The sample consists of 272 employees 
. (159 men and 113 women) employed in 
fiscal year 1969 in six divisions. Their work 
was considered technical and/or scientific 
and some degree of advanced training was 
usually a requirement. Salaries and other 
personnel data were available backward 
in time to 1966 and forward in time 
through 1971. The sample numbers, how- 
ever, decline in both directions (particu- 
larly going backward in time) since some 
of the employees at work in 1969 were not 
employed in 1966 and some of the 1969 
employees subsequently left the orga- 
nization or retired. 

Cross-sectional estimates of equation 
(3), the narrow form of the postschooling 
investment model, for 1969, are presented 
in Table 1. As equation (3) shows, the co- 
efficient of S may be interpreted as the 
rate of return to schooling. According to 
our estimates, men received a rate of 
return of 8.1 percent while women re- 


ceived only 6.6 percent.? The difference 
was significant at the .05 level. While the 
rate of return to on-the-job training (re) is 
net identified, our estimates suggest that 
it is at least as high as that attributable 
to schooling. For example, assuming that 
ko, the fraction of time invested in on-the- 
job training at the start of work experience 
is one-half, one obtains an estimate of r, 
in the men’s equation of over 10 percent, 
since the coefficient of 7 is the product of 
reko. The number of years during which 
on-the-job training takes place, T, may be 
estimated as one-half the ratio of the 
coefficients of 7 (the experience variable) 
and 7*, For men the estimate is 27 years, 
a fairly long period, but not unreasonable 
in view of the technical nature of the work 
involved. 

In Table 1, related outside work experi- 
ence and experience within the organiza- 
tion (seniority) were combined into one 
experience variable. The estimated coef- 
ficients of the two types of on-the-job 
training were very similar when they were 


€ Equation (3) was also estimated under the essump- 
tion that the schooling variable might enter the equa- 
tion as a quadratic. The estimated coefficient of the 
quadratic term was always negative, suggesting dimin- 
ishing returns to schooling. Nevertheless, the standard 
error of estimate for the equation, adjusted for 
degrees of freedom, was never improved by th2 quad- 
ratic specification and therefore the linear specification 
was retained in this study. 
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TABLE 2—ESTIMATES OF NARROW FORM OF THE POSTSCHCOLING INVESTMENT MODEL 
USING APPROXIMATION FOR WORK EXPERIENCES > 


1969 


Coefficient 
Sample Constant 
Group Term S j’ 
' Men 8.674 +0,091 +-0.044 
(10.62) (8,83) 
Women 8.573 +0.078 +0.037 
(6.00) (5.32) 


7 Standard 
Error of 
j? R F-Values Estimate 
—0.001 0.66 100.63 0.180 
(5.76) (3,155) 
—0,001 0.47 32.07 0.248 
(4.07) (3,109) 


a Numbers in parentheses below the coefficients are i-values. 


b j’ = A ge— (18-+S). Other, terms are defined in Table 1. 


allowed to enter the equation separately.‘ 
Nonrelated work experience was dropped 
from the equation since estimates of the 
coefficient of such experience were never 
significant.® As will be indicated later, we 
also were able to reject the hypothesis that 
the salaries of men and women were gen- 
erated bv the same pay structure. 

Most previous empirical studies have 
not had available precise information on 
work experience. Such experience has 
usually been estimated as the number of 


4 For example, during 1969, the following coefficients 
(and values) were obtained when seniority and related 
work experience were allowed to enter- equation (3) 
separately, as first and second degree terms. 


Men Women 

Related Work Experience + 0.041 + 0.044 
S (6.00) (4.46) 
Related Work Experience? — 0.001 — 0.001 
(3.85) (2.09) 

Seniority + 0.049 + 0.046 
(4.64) (3.47) 

Seniority” — 0.001 - — 0.001 
(2.92) (1,65) 


It should be also noted that the standard error of esti- 
mate (adjusted for degrees of freedom) for the equation 
was higher when seniority and related experience en- 
tered the ecuations separately. l 

3 For example, for the year 1969 when the number of 
years of nonrelated work experience was added (as a 
separate independent variable) to equation (3), the esti- 
mated coefficients for men and women were -+-0.003 
with standard errors of (0.004). 


years since the completion of schooling, 
i.e., 7’ = Aze— 18+). The results of using 
such. an estimate of work experience is 
presented in Table 2. 

Comparisor of the two tables indicates 
that the crude approximation of experi- 
erice seems to work well for the sample of 
men. The R? and the coefficient estimates 
are quite similar in the two tables. The 
differences are much greater for the wo- 
men’s equations and the R? falls sharply. 
The approximation worked less well for 
women since many women in the sample 
spent several years after formal schooling 
out of the labor force or in nonrelated work 
activities. 

We alsc attempted to add age variables 
to equation (3), which included only 
schooling and experience. Perhaps there is 
a maturation process with age that affects 
salaries apart from the postschooling in- 
vestments associated with work experi- 
ence. To enswer this question we esti- 
mated equation (4) but could not accept 
the hypothesis that the coefficients of the 
added age variables were jointly signif- 
icantly different from zero.® 


8 The hypothesis was tested by calculating the ratio 
[R2(4) — R?(3)]/2 
[1 — R4] — 6) 
where R?(4) and R*(3) are the coefficients of determina- 


tion obtained from the estimates of equations (4) and 
(3), respeczively, ard » is the number of observations. 


E = 


a 
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(4) ln (W) = In (Wo) + 7S + reko 


Ro 
= 7? + aA ge 





+ ay A ge” a H 


This result held in both the men’s equa- 
tion and the women’s equation, where the 
collinearity between the age and experience 
variables was less severe. 


HI. An Expanded Wage Model 


Thus far the wage for an individual em- 
ployee is assumed to be fully explained on 
the basis of schooling and postschooling 
investments. Perhaps the major missing 
elements in our explanation of salary dif- 
ferentials concern the various personal and 
productivity characteristics that influence 
the employment situation. It is, of course, 
very difficult to measure an individual’s 
productivity independently of the salary 
decision. Nevertheless, proxy variables 
may be employed to estimate the in- 


dividual’s productivity and opportunities . 


for alternative employment. 

Given the scientific and technical nature 
of the output of the particular divisions of 
the corporation chosen for study, a vari- 
able measuring the extent of the individ- 
ual’s publications may serve as a useful 
' proxy for productivity. An individual’s 
value to the organization, and certainly 
his or her ability to generate outside job 
offers, is related to the employee’s pro- 
fessional reputation. Individuals obtain 
outside reputations in scientific fields 
primarily through published work. Con- 
sequently we added a variable indicating 
the extent to which the individual had 
“made important scientific contributions 
through his writing. 

A cardinal measure of the individual’s 
publications is not necessarily indicative 
of the employee’s professional reputation 
or worth to the corporation. Conse- 
quently, we used a dummy variable, 
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which took on the value “1” if the in- 
dividual had made significant contribu- 
tions and “0” otherwise. Several methods 
of coding the dummy variable were tried, 
based on the number of publications. All 
were successiul, but the most satisfactory 
method combined a quantity and quality 
measure. The variable took on the value 
“1?? if the individual had fifteen or more 
publications or, where publications were 
fewer than fifteen, a group of professionals . 
in the individual’s field judged that the 
publications were outstanding and so well 
known in the literature that he or she had 
achieved a distinguished outside reputa- 
tion. 

We also utilized a dummy variable in- 
dicating whether or not the individual had 
received the Ph.D. degree. Consider two 
individuals who spend four years each in 
graduate school. The first manages to ob- 
tain only a master’s degree during the . 
period while the second completes a dis- 
sertation and receives a doctorate. We 
suggest that the second individual is 
likely to be a more’ productive worker and 
will command a higher salary. 

Another variable was added to indicate 
the individual’s marital status. The vari- 
able was coded “1” if the indivicual was 
married and “0” if the individual was 
single. It has been argued by William 
Bowen and T. Aldrich Finegan that em- 
ployers may regard an individual’s marital 
status as a proxy for personal traits relat- 
ing to success in the work environment. 
Family and marital responsibilities may 
make married men more stable than single 
men and, therefore, married men get the 
better-paying jobs. Also the employer 
may rationalize the payment of higher 
wages to married men because their 
financial requirements are greater. On the- 
other hand, employers may expect married 
women to have higher absence end turn- 
over rates, that is, they are “less stable” 
employees. For example, it is generally 
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presumed by employers that a working 
wife will quit her job when the husband’s 
job changes so as to require the family to 
move.’ 


The actual number of years of schooling 


and on-the-job training may not capture 
adequately the quality of the investment 
made. The area in which an individual has 
undertaken undergraduate and graduate 
study may have an important bearing on 
salary prospects. For example, individuals 
with training in mathematics, statistics, 
and operations research would find many 
high paying opportunities available with 
universities, government agencies, or cor- 
porations. Other individuals trained in 
English literature might find only rela- 
tively low paying jobs available at uni- 
versities or, perhaps, with publishing 
firms or similar employers. Thus, people 
with “critical” skills have a much higher 
opportunity cost and need larger salaries 
to be attracted to and retained by the 
organization. 

In coding the employees with respect to 
the critical nature of their areas of study, 
we used a study, prepared for the Amer- 
ican Economic Association, of median 
salaries for Ph.D.’s in alternative fields. 
The highest of these were regarded as crit- 
ical areas of study. For the purposes of 
the present study, the fields of mathemat- 
-ics, statistics, and several of the physical 
sciences were coded as critical. A dummy 
variable, D., was employed which took on 
the value unity if the individual’s area of 
study was a critical one, and zero other- 
wise. | 

Finally, each individual’s absence rate, 
was added as an independent variable. 


7 In fact, as will be shown below, the absence rate was 
much higher for women than for men, although marital 
status itself was not related to absence. A previcus 
study of the organization was unable to isolate differ- 
ences in turncver among men and women. It is for this 
reason we suggested earlier that the sample was rela- 
tively homogeneous with respect to the employee’s 
attachment to the job. 


” 
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Absence might have two effects on salaries. 
First, arrual salaries for workers with a 
history cf absence might be lowered to re- 
flect the expectation that such employees 
would work fewer days per year. Second, 
absence may be related to looser work 
habits and may thus serve as a proxy for 
worker productivity. Workers who are 
frequent_y absent may be less productive 
even when they are on the job. The vari- 
able used in the regression was defined as 
simply the number of days absent per 
year other than vacation time, averaged 
over the preceding four years (or over the 
number of years employed if less than 
four). 

As an expanded wage model, we there- 
fore add to equation (3), the personal and 
productivity factors noted above. The 
broadened equation was 


(5) ln (W+) = Qo + ay 4- aJ + 37" 
+ asDpupn + €D PuB 
+ asDu + 47D, + asd +n 


where Deyn, Dryg, D m, and D, stand for 
the Ph.D., publications, marital status, 
and critical area-of-study dummies, re- 
spectively, and A stands for the absence 
rate. Escimates of equation (5) for the 
years 1666, 1969, 1970, and 1971 are 
shown in Table 3. 

Table 3 indicates that the additional 
“productivity” proxy variables do im- 
prove our ability to predict salary levels 
for men and women in the organization.® 
In most cases more than three-fourths of 
the variance in men’s salary levels is ex- 
plained by the regressions, while over 80 
percent of the variance in women’s 
salaries is explained. The coefficient of the 
dummy variable associated with publica- 


8 Utilizing an F-test similar to that described in fn. 6, 
we verified that the addition of the productivity vari- 
ables was Lighly significant in all years. Nevertheless, 
the increase in R? over the narrow form of the model is 
only moderate, indicating the robustness of the cruder 
model. 
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“TABLE 3— ESTIMATES OF Equation (5)* Some 
so 
eS Zi X 
l Coefficient af ornen, 2 
Constant F-Valuz Error of AS gen rence 
Sample Group Term S j $ Drup DpuUB DM De A Estimate 
Men 1971 9:008 +0.036 +0.044 —0.001 +0.118 +0.147 +0.145 +0.066 —0.005 0.68 31,83 0.161 
(2.77) (7.28) (5.18) (2.67) (2.91) (2.88) (1.99) (1.09) (8,1201 
Women 1971 8.719 +0.044 +0.061 —0.001 +0.047 +0.355 -—0.013 +0.216 —0.015 0.83 49.83 2.155 
(3.88) (7.90) (4.65) (0.81) (.54) (0.39) (5.36) (4.62) (8,84) 
Men 1970 8.790 +0.042 +0.051 —0.001 +0.121 +0.112 +0.183 +0.078 —0.001 0.76 53 88 0.156 
(3.41) (10.09) (7.10) (2.95) (2.40) (4.18) (2.50) (1.24) (8, 1333 
‘Women 1970 8.692 +0.046 +0.059 —0.001 +0.044 +0.337 —0.010 +0.202 —0.015 0.84 61.67 0.143 
. (4.63) (9,12) (5.15) (0.82) (3.64) (0.28) (8.61) (5.26) (8,93) 
Men 1969 8.767 +0.041 +0.048 —0.001 40.141 +0.075 +0.162 +0.084 —0.004 0.78 65.33 0.148 
(3.79) (11.05) (7.37) - (3.95) (1.74) (4.30) (3.04) (1.08) (8, 150) 
Women 1969 8.692 +0.043 -0.054 —0.001 +06.078 40.318 ~-0.012 +0.182 -—0.014 0.82 58,43 C.149 
(4.31) (10.04) (6.03) (1.46) (3.31) (0.40) (5.00) (4.78) (8, 104) 
Men 1966 8.828 +0.033 +0.049 —0.001 +0.105 +0.100 +0.034 +0.109 —0.048 0.77 29,30 C.149 | 
(2.35) (7.35) (4.97) (2.31) (1.77) (0.51) (2.72) (1.68) (8,70) 
Women 1966 | 8.361 +0.059 40.074 —0.002 —-0.015 +0.322 —0.027 -+0.138 —0.013 0.83 34.35 G.160 
(4.69) (8.70) © (6.11) (0.18) (2.43) (0.61) (2.83) (3.51) (8,55) 





a The numbers underneath the coefficients are the related f-statistics. 
Note: S, j, are defined in Table 1; Dpxp=Ph.D.; Dpyp =publications; Djs =marital status; D,=critical area-of-study; and A stands for the 


absence rate. 


tions always had the correct sign and usu- 
ally was highly significant. Similarly, the 
receipt of the Ph.D. and study in a cri- 
tical area were typically associated with 
higher salary levels. Of course, the co- 
efficients of S and j shrink and lose their 
former interpretation because the Ph.D. 
and publications variables represent un- 
measured aspects of investment in S and 7, 
respectively, and are correlated with 
them. Finally, the marital status dummies 
took on their expected signs, although the 
coefficients for women were never sig- 
nificant. The coefficient of the absence 
rate was typically negative and especially 
significant for women.?® 


9 It should be noted that we were unsuccessful in 
finding a relationship between several other variables 


and the structure of salaries. We tried, for example, to. 


measure the quality of education by obtaining the 
quality rating of the institution at which the education 
was received, and also by looking at whether or not 
the individual received academic honors. We could find 
no relationship between either variable and the struc- 
ture of salaries. Our procedure was to add explanatory 
variables to the salary structure equations until further 
additions failed to reduce the standard error of the 
estimate adjusted for degrees of freedom. 


As in the narrow form of the postschool- 
ing investment model, we were able to re- 
ject the hypothesis that the structural 
salary relationships estimated for men and 


women were the same. The null hypoth-. 


esis that the two equations had the same 
slopes and constant terms was rejected at 
the 1 percent level in each year on the 
basis of the standard Chow test. 
many of the slope coefficients were. not 
significantly different, differences in the 
overall structure were caused by signif- 
icant differences in the constant terms and 
in the coefficients of most of the dummy 
variables. As noted above, the similarity 
of the schooling and experience coef- 
ficients (compared with the narrow model) 
should not be taken to indicate that the 
rates of return for men and women are the 
same. 


IV. Adjusted Salary Differentials 
_or Discrimination Measures 


Gross differences in average salaries be- 
tween men and women (i.e., Wm— Ww») do 
not indicate the presence of discrimina- 


While. 


ee | 
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tion. If women, on average, have less 
education and job experience than men, 
we should anticipate that their average 
salaries would be lower. Discrimination 
can be said to exist only if women with 
the same characteristics as men tend to 
receive lower salaries. 

The basic technique involved in es- 
timating salary differentials adjusted for 
differences in personal and productivity 
characteristics is to compare the average 
-wages that would be received by the two 
groups if they were paid according to the 
same salary structure. Two different types 
of assumptions are possible. We could as- 
sume that in the absence of discrimina- 
tion, both men and women would face the 
salary structure applicable for men, or 
that both sexes would face the salary struc- 
ture applicable for women. 

We defire We as the average salary 
women would receive if they were paid 
by the salary structure applicable for 
men. We may estimate W., by 


(€) Ww a er Jw Pu) 


where fm stands for the pay structure rela- 
tionship estimated for men. It will be 
noted that equation (6) evaluates the 
function at the mean values of the school- 
ing, experience, and w, the vector of 
“productivity” variables applicable to the 
women in the sample. The gross differ- 
ence in average salaries between men and 
women (W,,—W.) may be decomposed 
into two components: 1) the difference in 
salaries due to different characteristics, 
which may be estimated as W,,—W., and 
2) the differential remaining after adjust- 
ment for differing characteristics, Le., 
W..—W., which may be interpreted as a 
measure of sex discrimination.*® 
Alternatively, we define W, as the 
average salary men would receive if they 
were paid eccording to the women’s pay 


© This apprcach is similar to the one employed bv 
Ronald Oaxaca. 
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structure. Then W, may be estimated by 
(7) Wn = PORR Pm) 


where fe, the pay structure function es- 
timated for women, is evaluated at the 
mean vales of the characteristics vari- 
ables. As before, the gross difference in 
wages can be decomposed into that com- 
ponent due to differing characteristics, 
Wmn—-Ww, and the adjusted difference re- 
maining, W m— W mn. l 

Table 4 presents the average salaries 
for men and women for the period studied 
and a decomposition of the gross differen- 
tials. The top part of the table is based on 
the regressions estimating the narrow 
form oi the postschooling investment 
model (equation (3)), the bottom part is 
based on the expanded model of equation 
(5). Wemen’s salaries have consistently 


averaged only about two-thirds of the 


salaries fcr men. The gross difference in 
salaries, $7,000 in 1971, should not be at- 
tributed to discrimination, however. Even 
if women were paid according to the same 
salary reletionship existing for men, they 
would still earn only about 80 percent of 
the salary of men. 

Large salary differentials would remain 
even if the same pay structure prevailed 
for men and women. The reasons are in- 
dicated in Table 5, which shows by sex 
the mean values for the independent 
variables of the wage-structure equation. 
The women in the sample are less en- 
dowed with the characteristics preferred 
by the orgarization. Women had less 
education, related work experience, and 
seniority than the men and more unre- 
lated exverience.'! In addition, a smaller 


u Of course, culture, tradition, and even overt dis- 
crimination may explain why women do not have the 
same training and experience as men. Women may have 
been discouraged from graduate training and from par- 
ticular fielcs of study such as mathematics and physics. 
They may, >v choice, have devoted a number of years 
of their working Lives to childbearing and household 
activities. 
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percentage of women studied in critical 
areas, gained the Ph.D., or had published 
significantly. Finally, women tended to 


have considerably higher absence rates . 


than men. As the bottom rows of Table 4 
show, the major part of the gross dif- 
ference in wages can be attributed to the 
differential training and other job char- 
acteristics women bring to the employ- 
ment situation. Estimates of discrimina- 
tion or “adjusted salary differentials” 
tended to be somewhat higher when salary 
structures are based on the narrow post- 


TABLE 4—ANALYSIS OF SALARY DIFFERENTIALS 
anew POSTSCHOOLING INVESTMENT-MopEL: Equation (3); EXPANDED MODEL: EQUATION (5) 
1971 1970 1969 1966 
Equa- Men Women B/A in Men Women B/A in Men Women ve in Men Wemen B/A in 
tion A B Percent A B Percent A B Percent A B Percent 
Average Salary $20,273 $13,273 65.47 $18,030 $12,043 66.79 $16,357 $10,941 66.89 $14,608 89.651 66.07 
Salary if men and wom- (3) 20,273 16,447 81.13 18,030 14,380 79.76 16,357 13,088 80.01 14,608 12,160 83.24 
en were paid accord- - 
ingtomen’spaystructure (5) 20,273 15,719 77.54 18,030 13,609 75.48 16,357 12,456 76.15 14,608 11,856 81.16 
Salary if menand wom- 
en were paid accord- (3) 15,121 13,273 87.78 13,486 12,043 89.30 12,099 10,941 90.43 10,362 9,651 93.14 
ing to women’s pay ' r 
structure (5) 15,749 13,273 84.28 14,208 12,043 84.76 12,805 10,941 85.44 10,859 9,651 88.88 
Analysis of Gross Differences in Percent 
Gross Difference 
m~ Ww 7,000 100.00 5,987 100.00 5,416 100.00 4,957 100.00 
Difference due to differ- (3) 3,826 54.66 3,650 60.97 3,269 60.36 2,448 49,38 
nt characteristics 
Wm- Wu (5) 4,554 65.06 4,421 73.84 3,901 72.03 2,752 55.52 
Adjusted Difference (3) 3,174 45.34 2,337 39.03 2,147 39.64 2,509 50.62 
Remaining 
WoW (5) 2,446 34.94 1,566 26.16 1,515 27.97 2,205 44,48 


cause women were less endowed than men 
with qualities we have suggested may 
proxy for worker productivity. 

-It may be argued that our analysis of 
adjusted salary differentials is biased be- 
cause some of the independent variables 
measure different things in men and 
women. The primary example is marriage, 
which employers may tend to associate 
with maturity and stability for men and 
divided responsibilities for women. It may 
be unreasonable to say that in the absence 
of discrimination married women would 


schooling investment model. This is be- 


earn more than single ones—but this is 


TABLE 5—-AVERAGES OF VARIABLES 


1971 


Means Men Women 

Annual wage $20,273.36 $13,272.93 
Level code 9.38 6.58 
Age 40.83 38.91 
Years of seniority and related 

experience 14.86 11.86 
Years of nonrelated experience 1.20 1.34 
Years of higher education 6.73 5.07 
Percent of sample with Ph.D. : 

egree 0.53 0.20 

Percent of sample classified as 

having publications 0.12 0.03 
Percent of sample having 

critical areas of study 0.26 0.23 
Number of days absent (aver- 

age of past 4 years) 3.69 6.42 
Percent of sample married 0.91 0.62 


1970 

Men Women 
$18,029.79 $12,043.33 
39.19 37.54 
13.53 10.62 
1.11 1.47 
6.66 5.11 
- 0.52 0.19 
0.12 0.03 
0.25 0.22 
3.86 6.54 
0.89 0.62 


1969 


Men 


Women 


1966 


- Men 


Wi omen 


$16,356.98 $16,940.64 $14,608.23 $9.651.41 


37.76 
12.03 
1.03 
6.70 
0.53 
0.11 
0.26 


3.94 
0.89 


36.59 
9.76 
1.42 
5.12 
0.18 


0.03 


0.20 


6.43 
0.61 


38.84 
13.C6 
1.€6 
6.89 
0.53 
0.15 
0.25 


5.03 
0.92 


37.52 
10.41 
1.63 
5.20 
0.19 
0.03 
0.23 


7.13 
0.61 
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precisely what is assumed when the equa- 
tion for men is used together with the 
means of the women’s characteristics 
variables. 

To judge the effects of such “‘bias’” we 
ran the same experiment omitting the 
marital status variable. The resulting es- 
timates of discrimination against women 
were actually a bit larger than those pre- 
sented in Table 4 for the expanded model. 
The inclusion of marital status reduces es- 
timated discrimination. Since far fewer 
women were married, including marriage 
as a desirable characteristic tended to 
make the “justifiable” difference in aver- 
age men’s and women’s salaries larger. 

Table 4 indicates that, in percentage 
terms, the adjusted salary differential in 
, the organization has decreased since 1966 
although it rose in 1970, compared with 
the preceding two years. Our estimates of 
discrimination, while substantial, are 
somewhat lower than those of other in- 
vestigators, who have studied mainly the 
less skilled occupations. Fuchs finds that 
even after adjusting for education, wom- 
en’s salaries tend to be about 60 percent 
of those for men, and indicates that such a 
percentage can be found in the Bible, the 
code of Hammurabi, and in data on the 
price of slaves in the antebellum South. 
Oaxaca, using a human capital approach 
and survey data collected in February 
` 1967, found somewhat greater adjusted 
salary differentials than those reported 
here for 1966. These comparisons suggest 
that estimates of discrimination may be 
less for a relatively homogeneous sample 
such as utilized here. 


V. Analysis of Regression Results Using 
a “Job Level” Variable 
Starting in 1971, the corporation pro- 
vided a thirteen-point ranking of job 
levels, designed to indicate the individual’s 
level of responsibility. Since job levels had 
salary renges associated with them, it was 
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expected that the salary and level variables 
would be highly correlated. Indeed, the 
simple correlation between the two vari- 
ables was about 0.8. Consequently, when 
level was added as an independent vari- 
able to equation (5), many of the ¢-values 
associated with the independent variables 
became insignificant. Nevertheless, it was 
possible =o include some of the indepen- 
dent variables from (5) together with level 
to explain the structure of salaries in 1971. 
The equétion estimated was 


(8) Ia (Wy) = ao + aS + aj + a7? 
+ asDpup + aD. + aga 
+ aL + € 


where L stands for the workers job level. 
The estiraates of equation (8) are shown 
in the top half of Tabie 6. As expected, 
the coefficients of determination Improve 
considerably compared with those re- 
ported previously. 

The botiom half of Table 6 presents an 
analysis of the related salary differentials, 
as was shown in Table 4. Essentially, all 
the adjusted salary difference, or “‘dis- 
crimination,” seems to disappear. The 
gross salary differentials can now fully be 
explained by differences in worker char- 
acteristics, including job level. What has 
happened is that women, on average, have 
considerably lower job levels than the 
men. Given the job levels to which women 
are assigned, they tend to make about the 
same salaries as men. 

The question immediately arises, how- 
ever, why women are assigned to much 
lower jok levels than men. Can this be 
explained by their lower levels of training 
and education, or does the organization 
discriminate in assigning men and women 
to particular job levels? This can be 
analyzed by the same techniques em- 
ployed above. We can try to explain as- 
signment to job levels on the basis of the 
same types of employee characteristics 
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TABLE 6—ESTIMATES OF Equation (8) WITH JoB-LEVEL VARIABLE 














1971 
Coefficient of Standard 
Sample Constant Error of 
Group Term S j Fi Dpys De A L Re F-Value Est:mate 
Men 8.582 +0.017  -+0.016 —0.0003 -+-0.127  -+0.038 —0.005 +0.109 0.91 166.66 0.987 
(3.19) (4.50) (3.54) (4.73) (2.16) {1.90} (18.34) (7,121) 
Women 8.563 +0.019 +0.028 -—0.0005 40.281 +0.147 -—0.006 -+0.081 0,93 155.78 0.101 
(2.78) (4.80) (3.13) (4.39) (5.46) (2.73) (10.83) (6,85) 
Analysis of Related Salary Differentials 
Men Women 
A B B/A in Percent 
Average Salary l $20,273 $13,273 65.47 
Salary if men and women were paid according to relationship for men 20,273 13,419 66.19 
Salary if men and women were paid according to relationship for women 17,385 13,273 76.35 
Gross Difference Im —Ww a 7,000 190.00 
Difference due to different characteristics Wm — W w 6,854 97.91 
Adjusted difference remaining Wy—W w 146 2.09 





Note: the term L stands for workers’ job level; S, 7 are defined in Table 1; Dpys, De, A are defined in Table 3. 


previously used to explain salary dif- 
ferentials. The specific equation employed 
was 


(9) L = ao + aS + œj + as]? + asDpxp 
+ asA + asDprop + a7Dar 
+- as De + U 


where Dprop was a dummy variable, 
which took on the value unity if an in- 
dividual employee worked in the “pro- 
duction” division, where job level as- 
signments tended to be relatively low. 
The results of this exercise are shown in 
the top half of Table 7. Education, ex- 
perience, and other characteristics can be 
used to make reasonably good predictions 
of an employee’s job level.” 


2 Equation (9) was reestimated under an assumption 
that the relationship between absence rate and level 
was a simultaneous one. We assumed that the absence 
rate affects level, but that the level assignment also 
affects the absence rate, particularly for women. We 
hypothesized that women assigned to low job levels 
(inappropriate to their training) might be bored with 
their assignments and, therefore, be absent more. Thus, 
the absence rate, A, was hypothesized to depend upon 
age and level, Z, in the following fashion: 


A = Bo + Bi Age + B.A ge? — BIL + ò 


When equation (9) was reestimated with a two-stage 
least squares technique, the coefficient estimates were 
essentially the same as those reported above. Moreover, 


The bottom half of Table 7 presents an 
analysis of the differences in levels. The 
analysis is the same as was carried out for 
salary differences. On average, the level | 
for men employees was 2.8 level steps 
higher than for women. Almost one-half 
of this gross difference can be attributed 
to the different characteristics of the men 
and women in the sample. Women can be 
expected to be 1.31 level steps lower than 
men because of their lower level of educa- 
tion, experience, etc. The remaining half 
of the difference remains unexplained and 
may be attributed either to discrimination 
against women or to other productivity 
characteristics, which differ by sex and 
which we were unable to measure. 


VI. Conclusion 


This study has attempted to answer two 
questions. 1) Can the structure of salaries 
in an individual organization be expleined 


the estimated coefficient, 83, of the absence rate equa- 


tion above was not significantly different from zero. We 
did find, however, that the age was important in explain- 
ing absence. The estimated coefficient 62 was positive 
indicating that the older employees were more likely to 
be absent from work. The age variables explain only a 
small part of the variance in absence rates, however. 
Absence was found to be unrelated to such plausible 
explanatory variables as marital status and presence of 
children under six years of age for women. 
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TABLE 7—ESTIMATES OF EQUATION (9) PREDICTING Jos LEVELS 


1971 
Coefficient of Standard 
Sample Constant Error of 
Group Term S j j Dpyp A Dprop Da De R F-Value Estimate 
Men 4.025 +0.259 +0.255 -0.004 +0.668 —0.010 —0.533 +0.9%4 40.233 0.53 17.06 1.271 
(2.52) 5.34) (3.68) (1.88) (2.69) {1.79} 2.35} = (0.89) (8,120) 
Women 1.741 -0.349 +0.428 —0.008 +0.701 —0.115 —0,341 -—0.012 +0.808 0.69 23.38 1.469 
(3.13) (5.82) (3.49) (1.31) (3.70) (0.951 0.04) (2.12) (8,84) 
Analysis of Level Differentials 
Men Women 
s B/A in Percent 
Average Level & 38 6.58 70.15 
Level if men and women were assigned job levels according to relationship for. men 0.38 8.07 86.03 
Level if men and women were assigned job levels according to relationship for women &.24 6.58 79.85 
Gross Difference in Levels 2.80 100.00 
Difference due to differing characteristics of men and women in sample (assuming men 
and women were assigned levels according to the relationship for men) 1.31 46.79 
Difference remaining 1.49 $3.21 


Note: Deron stands for workers in preduction; S, j are defined in Table 1; DPRD, EM, De, A are defined in Table 3. 


by such variables as education, experi- 
ence, and productivity proxies? 2) Is 
there discrimination against women; that 
is, do women with job characteristics equal 
to those of men fail to get the same 
pay? 

We have been quite successful in an- 
swering to the first question. Experience, 
education, and productivity variables are 
able to explain over three-quarters of the 
variance in salaries for both men and 
women over several years. The answer to 
the second question depends upon how 
narrowly or broadly one perceives the 
problem. If the question is posed, “Do 
men and women in equal job levels, with 
the same characteristics, get equal pay?” 
the answer is “Yes.” If, on the other hand, 
the question is posed, “Do men and wom- 
en, with equal characteristics, get equal 
pay?” the answer is “No.” The reason 
for the difference in answers is that 
women with the same training, experience, 
etc. as men tend to be assigned to lower 
job levels. 

It is, of course, possible that such a 
pattern of job assignment does not reflect 
discrimination. Other explanations may 
be preferences of men and women for 


more or less responsibility or biases re- 
sulting irom our culture and tradition 
which may affect productivity charac- 
teristics cf men and women other than 
those that we were able to measure and 
include in the study. It seems highly im- 
probable, however, that such missing 
variables would fully account for the pat- 
tern of icb ievel assignments or for the 
adjusted salery differentials we have iso- 
lated. We suzgest that it is difficult for a 
discriminating organization to give male 
and femele employees the same titles and 
pay them different amounts. It is far 
easier to assizn women to lower job levels 
and then set up a pay structure by level 
that is the same for both sexes. Thus, our 
analysis of salary differentials including 
job levels shculd not be interpreted as in- 
dicating an aasence of discrimination. The 
assignments to job levels can most plausi- 
bly be interpreted as the mechanism by 
which the discrimination takes place. 
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Nontraded Goods, Factor Market Distortions, 
and the Gains from Trade 


By RAVEENDRA N. BATRA* 


The purpose of this paper is to explore one 
ky one the implications of a change in the 
rate of tariff and the terms of trade for com- 
munity welfare in an economy where some 
goods are traded and some nontraded and 
where factor markets are distorted by the 
presence of invariant interindustry wage dif- 
ferentials. Despite the claim to the contrary 
by Murray Kemp,! we find that an increase 
in the rate of tariff may actually lead to a 
rise in welfare even when distortions are 
absent. Another major result of this note is 
taat, unlike the results derived by Jagdish 
Bhagwati and V. K. Ramaswamil, free trade 
alone may turn out to be the second best 
policy in the presence of distortions, pro- 
vided the higher wage rate is paid by the 
import-competing industry or the wage rates 
differ among all industries. Furthermore, 
unlike the traditional two-good models, fac- 
tor proportions may play a significant role in 
determining the fate of several standard 
theorems concerning the gains from trade. 


I, Assumptions and the Model 


Unless otherwise specified, we assume that 
there is a small country which produces 
three goods, X1, X», and X;, with the help of 
given supplies of two factors of production, 
capital (K) and labor (L). In its trade rela- 
tions with the rest of the world it takes the 
internationel price ratio as given, exports X» 
and imports X,. The third good, Xs, is not 
traded. There is perfect competition in 
product markets, and production functions 
are homogeneous of the first degree. Factor 
markets are characterized by a) perfect 
internal mobility of factors, and perfect 


* Professor of economics, Southern Methodist Uni- 
versity. I wish to express my gratitude to V. S. Rao for 
useful discussions and to the editor and an unknown 
referee for suggesting several refinements. This research 
was supported by a grant from Canada Council. 

1See Kemp, ch. 12, note 13, p. 267. 
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factor-price flexibility, and b) the reward of 
capital is the same in all three sectors, but 
the wage rate differs among all three indus- 
tries in spite of the factor mobility. There is 
full employment of factors, which is ensured 
by the presence of factor-price flexibility. 
Foreign trade is stable and inferior goods are 
absent. Ir. addition all goods are gross sub- 
stitutes. 

Let U denote the total utility which a 
community derives from the consumption of 
the three goocs, with their demand-denoted 
by D: @=1, 2, 3). Then 


(1) eS UD DED 
(2) en eo 

(3) ies Keene 

(4) D, =X; 


where E, equals the import of the first com- 
modity and E- equals the export of the sec- 
ond commodity. The balance of trade equi- 
librium requires that 


(5) Pyky = PEs 


where P; is the given foreign price of the jth 
traded good (j=1, 2). The three linearly 
homogeneous production functions are given 


by 
(6) Xi =F (Ei, Lò) = Lf:(k) (G= 1, 2,3) 


where K: and L; are the capital and labor 
inputs and &;=K,/L; is the capital-labor 
ratio in the ¿tk commodity. Let Fg: and Fz; 
be the marginal productivity of capital and 
labor, respectively, in the ¿th commodity. 
Then Fgi=fi and Fri™=fi— kifi. The price 
of each factor of production equals the value 
of its marginal product. With the reward of 
capital assumed to be the same in all indus- 
tries, 


(7) r= Pfi = Poff = Pif; 
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where P; is the price of the nontraded good. 
However, in the presence of'the wage dif- 
ferentials in all industries 


Pi(fi — kifi) £ Po(fe — kafi) 


OY œŒ 


_ P3(fs — kafz) 


3 


(8) 


where a;> 1 (t=1, 2, 3) is a constant. Under 
full employment, 


(9) Lit lki + hys L 
and 
(10) KiıtK:+K:;= Likit Loeko+ Leks = K 


This completes the specification of our model 
which allows for the presence of the factor- 
price differential as well as a nontraded good. 


The Relationships Among Xı, Xo, and X3 


For a small country Pi, Pz, and hence P; 
are given, so that k; is constant.? Differenti- 
ating Xı and X: from (6) with respect to X3, 
we obtain 

ax; dL; 


Sf (Geal? 
dX; fix, N ) 





Substituting this in the differentiation of the 
full employment equations (9) and (10) 
then yields 


dXı filks — ka) 
dX; falka — hi) 
dX. falki — ks) 
dX; falka — ki) 


Equations (11) and (12) reveal the impor- 
tance of factor proportions in the three in- 
dustries in the determination of the relation- 
ships among Xj, Xe, and X3. For expository 
purposes, we also need the relationship be- 
tween the production-possibility surface and 
the price plane in the presence of the inter- 
industry wage differentials. 


(11) 





(12) 


2 Ryutaro Komiya has shown that if P, and Pe are 
constant, P, also remains constant. 
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Totally differentiating X; and X: in (6) 
and dividing through by dX», we obtain 


GX, FridKit Fiuidli 
From (9) and (10), 
dL, + dl: + dL; = dKı + dK + dK: = 


Using these relations ‘and (7) and (8), (13) 
can be written as 


(13) 








ax, Pa 
(14*) = —— 
aX. Py 
|- x2o(dKo+dK3) + (a1/ae) Pre(dLe+ =| 
ProdKotF idly 
or 
dX P 
(a a2 
aX» Py 
l FrodK3 + (a1/a2)F aa 
PrdKe + FrodlLo 
where 


_ FgdKa + (a3/a2)F rad La 
FgadKo + FradLe 


2 


according as (a/a) 21. This follows from 
the fact that dK; and dL; and hence the 
numerator and the denominator of 8 have 
the same signs.’ In the same manner, we can 
write that 


dX Pol ProdKs + (a3/ 2) F zad L3 

dX, Ps | Fr:dK: + FiadLs l 
Pa| Fx:dK; + (a1/a2)F red L3 

7 el (FPodKe + FrodLs)ad l 





where 


= FgodK; + (a3/a2)F rod La S 


i Fek 42 Gale ril > 


3 This can be readily seen by comparing the produc- 
tion points along the contract curve in the Edgeworth- 
Bowley production box diagram in the two-good, two- 
factor case and in the Melvin type box diagram in the 
three-good, two-factor case. The reader will find that 
the rise in the output of the zth good is accompanied by 
the rise in both K; and Li, and conversely. 
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if (23/2) )(a1/ æ), “or A1,2 S1 according as 
(a/c) 21. It may now be m that the sec- 
cnd term within the brackets of (14) equals 
(AP3/ Po) (dX3/dX2) . Hence 


dX, a XP; ad 
Xo Py ü P: dX: 











(15*) 


or 


Equation (15) shows that the price plane is 
not tangential to the production-possibility 
surface. In the absence of the wage differen- 
tial, however, a;=8=A=1, so that (15) 
reduces to Pid Xit Pod Xat- P3dX3= 0. 


IJ. Welfare and the Change 
in the Terms of Trade 


In this section we examine the Batra- 
Fattanaik theorem (derived in the absence 
of the nontraded goods) that an improve- 
ment in the terms of trade may result in a 
loss of welfare, and vice versa, if the wage 
differential is paid by the importable good. 
In our model, Xe is the exportable good and 
X; the importable good. Therefore an ex- 
ogenous improvement (deterioration) in the 
terms of trade can result from a rise (fall) in 
Fs alone, or a fall (rise) in Pı alone. Let us 
consider the implications for welfare of a 
slight change in Pa only, keeping P, con- 
stant. Differentiating the social utility func- 
tion given by (1) totally with respect to P», 
and dividing through by U,, we get 

















(16) 1 dU dD; U, dD: Us aD; 
Uı dP, dPa U, dP: US. dP» 

_ dD; Pa dD, P3 dD} 

dP, Pı dP. Pı dP: 
where U:=89U/3D:>0, (U:/ U) = (Pa/ Px 


and (U;/U,)=(P;/P:). Differentiating (2)- 
(5) with respect to Ps, dividing through (15) 
by PidPs, substituting dXı/dP» in (16) and 








remembering that (dD3/dP:)=(dX3/dP.), 
we obtain 
1 aU E, P dX, 
17) —— =—-+-—: = 
a Ui dPa Py, Py dP» N 8) + 
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P; iD; 
+ -— 
Pı dP» 





=A) 


This last equation furnishes the long 
sought after relationship between the terms 
of trade and welfare measured in terms of the 
first commodity. The following results may 
now be derived. 


1, Suppose the wage differential exists, 
but the nontraded good does not. Following . 
Batra ani Pattanaik, it is assumed that 
dXo/dP,>0 ir spite of the wage differential. 
Then if B>1, it can be easily seen that an 
improvement (deterioration) in the terms of 
trade may leed to a loss (rise) in welfare. 
Now $> 2 implies that a,>c2, which from 
(8) means thaz the differential (or the higher 
wage) is paid òy importable goods. This is a 
simple proof of the Batra-Pattanaik result 
and is obtained as a special case of the gen- 
eral equation » 17). 


2. Suppose that the nentraded good 
exists, We have already established that 
B21, if (er/ogi31 and that 21, if (a/a) 
1. Let us first consider the case where the 
differential is paid by the nontraded good. 
Here 1=c,=a»<a3, so that B=1 and A<1. 
Under our assumption that all commodities 
are gross substitutes, (dD3;/dP:)>0. Hence 
from (17), we can see that (1/U;)(dU/dP») 
>0. Thus we conclude that if the wage diferen- 
tial is paid by the nontraded good, and if the 
commodities are gross substitutes, then an im- 
provement (deterioration) in the terms of trade 
results in an improvement (deterioration) in 
welfare. This is a straightforward generaliza- 
tion of the theorem by Anne Krueger and 
Hugo Sonnenszhein.* What is more interest- 


4 That the wage differential is paid by the nontraded 
good sector is not a mere theoretical possibility. There 
is a logical exnlaretion for why the contrary may be 
untrue. Since the craded goods face strong competition 
from foreign producers which the nontraded goods do 
not, the emp‘oyers in the nontraded goods may be more 
prone to accept union demands for higher wages 
than the employers in the trade goods. Recent restric- 
tions introduced in the United States by President 
Nixon on the spiralling wage gains by unions in the con- 
struction industry. which is a very good example of a 
nontraded good industry, would lend credence to our 
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ing is that the change in welfare is even 
greater than what would result in the absence 
of the wage differential. 


3. Of greater interest is the case where 
the differential is paid by the import com- 
peting industry so that 1=a,.=a3;<a;. Here 
the results turn out to depend crucially on 
factor-proportions in all three industries. 
For by using (12), (17) can be written as 


1 dU E =P3(1—d) dD; 
18) —-—_=—+————— 
OU, dP, Pi Py dP» 


Po1—B) falkı— ka) 
[e A) h= A 


With the wage differential paid by the im- 
portable good only, A and @ are both greater 
than unity, so that (1—A)<0 and (1—8)/ 
(1—))>0. The effect of a change in Ps on 
welfare then depends on the sign of the terms 
within the brackets, and hence on the factor 
proportions in the three industries. A suff- 
cient condition for the terms of trade to have 
a positive relationship with social welfare is 
that the square bracketed term is zero or 
negative, that is 


P3(1—A) © folks — kı) 
P1 — 8) falk: — ki) 


Since the left-hand side of (19) is positive, a 
necessary condition for (19) to be satisfied is 
that its right-hand side be A aN which 
in m requires that either k ks Zhe or 
ki 2hkZ Sks However, condition (19) is vio- 
lated if k; lies between k, and kz, so that with 
A> 1, an improvement in the terms of trade 
may then lead to a loss of welfare, and con- 
versely. This is a variant of the Batra- 
Pattanaik theorem and it highlights the role 
of factor proportions of the three industries 
in determining the implications of a change 
in the terms of trade for welfare, when the 





(19) 


hypothesis. Similarly, in Canada the wage increases 
secured by unions in the housing industry have far out- 
paced the increases in other sectors, some of which do 
enter international trade. Thus, if there was no wage 
differential in the economy before, one will now be 
created in such a way that higher wages will be paid by 
the nontraded good sector. 
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differential is paid by the importable good 
and all goods are gross substitutes. 

One may also wish to analyze the effects 
of the wage differentials prevailing in all the 
industries. In this case, the results derived 
above may be reinforced or attenuated. It is 
of some interest to note here that the effects 
of the wage differentials among all three 
industries may cancel out each other and 
leave the standard theorem unscathed. The 
necessary condition for this “cancelling 
effect” is again given by condition (19) with 
equality. 


Ill. Higher Versus Lower Tariffs 


This section is concerned with the impli- 
cations of a rise in the rate of tariff on wel- 
fare. Assume that a small tariff already 
exists on the imports of the first commodity, 
so that P*¥= P,(1+2), where PŤ is the domes- 
tic, tariff-inclusive price for the importable 
commodity and ż is the rate of nonprohibitive 
tariff. With- P, constant, dP{/di=P,>0. 
Differentiating (1)—(5) with respect to ¢ and 
remembering that here U2/U:=P:/P? and 
U3/U;= P3/PT, we obtain 


4 du i = 4X, 
(20) — — = 
U, a LO+e di 

P. aXe Py dD; 
P di Pf dt 

With the imposition of the tariff, Pi is 

replaced by Pf in (15), so that 

(21) PidX, + BPodX, + Psd Xs = 0 


Dividing through (21) by PYdi, substituting 
for dX,/dt in (20) and with some manisula- 
tion, we obtain 


(22) 1 dU 
U, dt 

















= : | Pa = ice oy a BEEN 8) 
1+: dP* dP* 





+ Pst») | 


Equation (22), which indicates the effects of 
a change in the tariff rate on welfare, may 
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now be utilized to derive the following 
results: 


1. To begin with, consider these effects 
in the absence of the wage differential, so 
that with 8=A=1, (22) reduces to 


5 = Pi dÈ, 
: U, dt 1+ dP 





In the absence of nontraded goods, dE,/dP{ 
<0, thet is, a rise in the domestic price of 
the importable good resulting from the rise 
in tariff lowers the demand for imports, so 
that (1/U:)(dU/dt) <0. In other words, a 
rise in the tariff rate leads to a decline in 
welfare. This is the standard theorem derived 
by Kemp. However, when a nontraded good 
is introduced, the sign of dF,/dP{ becomes 
ambiguous, because now the repercussions of 
a change in the domestic price of the import- 
able good on the price of X; have also to be 
considered. Even if all goods are assumed to 
be gross substitutes, Komiya has shown that 
the sign of (dE,/dPf) may be uncertain, 
simply because of the ambiguity in the sign 
of (dX,/dP#), which is possible when a third, 
nontraded good is incorporated into the 
model. Thus we conclude that the effects of 
a rise in the tariff rate on social welfare are 
uncertain in the presence of the nontraded 
good. What is of great interest is that a higher 
tariff may lead to higher welfare than a lower 
tariff in the presence of the nontraded good, in 
spite of the absence of the wage differential, so 
that the standard theorem by Kemp may not 
hold. 


2. When wage differentials are also 
introduced, (22) shows that the sign of 
(1/U,)(dU/dt) becomes ambiguous even if 
(i) (dE,/dPf)<0, (ii) (dX2/dPf)<0 and 
(iti) dD3/dP*>0, so that all goods are gross 
substitutes. The increase in the tariff rate 
may or may not cause a decline in welfare. 
Here again by following the procedure 
established in the previous section, one can 
demonstrate the significance of factor pro- 
portions in the three industries for the change 
in welfare when the higher wage rate is paid 
by the import-competing industry. The 
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interested reader can derive his own conclu- 
sions with the help of condition (19). 

If the wage differentials exist among all 
three industries. the results derived above 
may be strengthened or weakened. Again it 
may be noted that the effects of the wage 
differentia! may cancel out and the last two 
terms in zhe square brackets of (22) may add 
to zero. But the standard theorem by Kemp 
may still be invalid because of the possi- 
bility of the positive sign of (d&i/dPf). 


IV. Free Trade Versus No Trade 
and Optimum Policy 


In the last section we have shown that 
there is no monotonic relationship between 
the tariff rate and the level of social welfare 


_when the interindustry wage differential is 


present even if (dE;/d PI) has the “normal” 
negative sign. Since free trade represents the 
absence of the tariff and no trade may be 
considered to be a situation with prohibi- 
tive tarif, the results derived in the previ- 
ous section are applicable to the questions 
under consideration in the present section. 
In the absence of the monotonic relationship 
between the rate of tariff and social welfare, 
we conclude that in the presence of the inter- 
industry wage differential, free trade may or 
may not be superior to no trade.’ 

In other werds, the Bhagwatt-Ramaswamt 
theorem continues to hold when a nontraded 
good is iniroduced in their model incorporating 
factor mcrket imperfections, although their 
condition that the wage differential should be 
paid by the importable good ceases to be 
the necessary condition, for the sign of 


5 It is worth pointing out here that this procedure 
does not apply tc the case where the wage differential 
does not exist. As shown above, (22) now reduces to 
(1/U,) (dU /dt = (Put/1 +9 (di, /dP*), and the ambi- 
guity in the sign of (@Z/dP*) in the presence of the 
nontraded good may lead one <o the faulty conclusion 
that free trade may be inferior to no trade. In the sub- 
sequent sections free trade is snown to be the optimal 
policy in the absence of the wage differential regardless 
of the presence of nontraded goods. A simple proof of 
this result actually follows from (23) if we assume that 
there is no tariff in the initial situation, so that /=0 and 
with B=A=1, (1/01) (dU /dt) =0. In the presence of the 
wage differential, however, it is easily seen that this is 
not true. 

€ The earlier trade literature cn wage differentials has 
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(1/U,) (dU /dt) turns out to be indeterminate 
if the differential is paid by only the non- 
traded good. This brings us directly to the 
question of optimal policy in the presence of 
the wage differential and the nontraded 
good. Here it is fruitful to draw a distinction 
between the optimal policy in the presence 
of a stable interindustry factor-price differ- 
ential, which we shall call the second best 


policy, and the optimal policy that serves to | 


eliminate the factor-price differential to the 
producers, so that the optimum oplimorum is 
achieved. This latter policy will be referred 
to as the first best policy. Assume that ini- 
tially there is free trade. Differentiating 
(1)-(5) totally and following essentially the 
same procedure as that used in Section H, 
we obtain 


(24) O a (1 8) + axl A) 
o pe P 


1 1 


The following results are then immediate: 

1. The necessary condition for an in- 
terior maximum is that (dU/U,) =0. If the 
wage differential does not exist so that 
8=r=1, this condition is automatically 
satisfied. In other words, free trade is the 


tended to make an illusory distinction between a wage 
differential which leaves the pattern of trade unchanged 
and one that causes a change in this pattern. With 
the former type of wage differential, the beneficent 
effects of free trade continue to exist, whereas with the 
latter type, they may not (see Everett Hagen, Bhagwati 
and Ramaswami, etc.). However, it appears that this is 
an unsatisfactory way of presenting the conclusions, for 
whether or not the differential causes a reversal in the 
earlier pattern of trade, there are always two possibili- 
ties, namely, 1) the differential is paid by the exportable 
good, and 2) it is paid by the importable good. Suppose 
in the absence of the wage differential, one commodity 
is imported, and suppose now that the differential is 
introduced which is unfavorable to this importable good. 
Obviously, the earlier pattern of trade cannot be re- 
versed in this case. The conventional literature would 
then create the impression that the standard theorems 
will now be valid because the earlier pattern of trade is 
not reversed, which is not true. One does not have to 
bother about the reversal of the pattern of trade. In a 
two-good model, as stated above, there are only two 
possibilities: under one the traditional results hold, 
under the other, they may not. In this paper, this is how 
the conventional results and our own results have been 
presented. 
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first best policy in the absence of the distor- 
tionary wage differential even when a non- 
traded good is introduced. 


2. If the nontraded good does not exist, 
then (dU /U,y) = Ped X2(1—B)/Pi. Here 8 
reflects the divergence between the marginal 
rate of transformation and the international- 
price ratio, because from (15*) (2X1/dXo) 
= —-(8P./P:) when the nontraded goods are 
absent. The optimal policy in the presence 
of the wage differential requires a zhange in 
X such that the divergence between the 
marginal rate of transformation and the 
given international-price ratio is ehminated, 
so that the value of 8 to the producers comes 
to equal unity. The second best policy in 
other words requires the imposiczion of a 
production-tax-cum-subsidy on second com- 
modity. This result is also due to Bhagwati 
and Ramaswami. The first best policy, of 
course, consists in the elimination of the effec- 
tive wage differential to the producers by 
means of the factor tax-cum-subsily policy, 
such that (a;/ae) and 8 are equat2d to one. 
This is the proof of the first best policy pre- 
scribed by Bhagwati and Ramaswami. 


3. Suppose the nontraded gcod exists. 
Then if the wage differential is paid either by 
the nontraded or the exportable good, so 
that only @ or A differs from unity, the second 
best policy requires respectively the imposi- 
tion of the production tax-cum-subsidy on 
the second commodity, or a consumption 
subsidy on the third commodity such that 
the divergence to the producers between 
— (dX1/dX2) and 


[(P2/P1)(1 + (Ps/ Pe) (dX3/aX2) | 


is eliminated, that is to say, the effective 
value of 8 or A, as the case may bs, is equal- 
ized to unity. Note that when tke differen- 
tial is paid by the nontraded good, the sec- 
ond best policy calls for the grant of a con- 
sumption subsidy to the domestic good, a 
policy that does not apply to the case of 
traded goods. Since the distortion is in the 
domestic production sector of the eccnomy, 
the thrust of the cure should also lie in re- 
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moving the inequality between — (dXı/d Xa) 
and (P/P) [1+ (P3/ Pà (dX3/dX2) |. Just as 
in the two-good model, the second best 
optimum is achieved by changing the out- 
put of Xı and X; in such a way that the dif- 
ference between —(dX1/dX») and (P2/P)) is 
eliminated. If the consumption tax (or sub- 
sidy) were to be imposed on one of the 
traded goods, there will nct be any change in 
cutputs, for (P2/P1) which is exogenously 
determined will remain unchanged for the 
producers. However, in the case of the non- 
traded good, the domestic output of X; 
equals its domestic consumption. Therefore, 
if the wage differential is paid by X3 pro- 
ducers, the second best optimum will be 
attained only by increasing its output to 
such an extent that to its producers A comes 
to equal unity. However, in order to raise the 
output of X; without creating a discrepancy 
in its domestic demand and supply, a con- 
sumption subsidy to the nontraded good, 
rather than a production subsidy, is required. 
The output of X; will automatically rise 
when its demand increases, for in the three- 
good, two-factor model, as demonstrated by 
James Melvin and Kemp, any number of 
output configurations are compatible with a 
given set of commodity prices. The produc- 
tion possibility surface is completely de- 
scribed by straight lines and each line is a 
Iccus of possible output configurations for 
the three commodities corresponding to a 
given set of commodity prices. Hence when 
a consumption subsidy is given to the non- 
traded good, a new production point can be 
selected for the given set of prices in such a 
way that PidX1-+ PodX2+ P3dX3;=0. It may 
also be noted from (24) that when A<1, so 
that the wage differential is paid by the non- 
traded good, a positive sign of Gia dX, will 
raise welfare. 

On the other hand, if a producion sub- 
sidy was zranted to the nontraded good, the 
change in its output would not necessarily be 
matched by the change in its consumption, 
so that a disequilibrium situation could arise 
wnich will not be self correcting because the 
price of the nontraded good to the consumers 
remains constant under the small country 
assumption. 
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4. Finally, if the wage differential 
is paid bv the importable good, then, given 
that the nontraded good exists, both 8 
and à exceed unity. An interesting but 
chance result emerges here. It is possible 
that (dU/U) =), provided P.dX-(1—8) 
+ P3¢4X3(1—A) =0, or 





(25) 


In this case free trade alone is the second best 
policy and the imposition of the production 
tax-cum-subsily is not needed. Although 
this result is purely of academic interest, for 
only by ccincidence will 8 and A be such as to 
satisfy (25), yet the condition does suggest 
an interesting possibility. In any case if the 
difference between the left- and right-hand 
sides of (25) is small, the gain to be derived 
from the introduction of the production tax- 
cum-subsidy may not be more than negli- 
gible and may not be worth the administra- 
tive headaches and costs. A necessary condi- 
tion for (25) tc be satisfied is that (€X2/dX3) 
be positive, because both 6 and à exceed 
unity when the differential is paid by X; pro- 
ducers. The chances of (25) being satisfied 
improve if the differential exists among all 
three industries so that a:+4a2.~a3; nor is it 
necessary anymore that (dX2/dX3) be posi- 
tive, because it is possible that X\S1 when 
B21. The interesting point is that there 
exists a c2rtain configuration of wage dif- 
ferentials which will satisfy (25). Neverthe- 
less, in all the cases discussed above, the first 
best policy requires the use of factor tax- 
cum- -subsidy so that the differential to the 
producers is eliminated. 

An interesting policy device to attain the 
second best welfare suggests itself from this 
discussion. Suppose the level of the inter- 
industry factor-price differential itself de- 
pends on the government policy. For ex- 
ample, Harry Johnson, referring to Arnold 
Harberger, has suggested that the inter- 


-~ industry factor-price differential will occur if 


the goverrment imposes a corporation in- 
come tax (whica is a tax on the use of capital 
in the corporate sector alone), that drives a 
wedge between the gross rewards of capital 
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in the corporate and the noncorporate sector. 
If the government must impose the corpora- 
tion income tax in order to raise revenue, 
etc., 1t could be imposed in such a way as to 
satisfy condition (25). For a small country, 
the commodity prices and hence factor- 
proportions and fe and fz are given. All we 
then need to do is to select that level of tax 
on the use of capital, and hence the level of À 
and £, such that (1—A)/(1—8) is equated to 
Pofo(R3— ki) / Psf3(Re— hi), because from (12) 
(dX2/dX3) = fo(ks— ki) /fa(Ro— kı). Although A 
and 8 represent the wage differential among 
the three industries under the assumption of 
similar reward of capital in all industries, 


the arguments are little modified if the . 


rewards of capital differ.among industries 
but the wage rates are similar. 
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Optimal Effective Protection in General Equilibrium 


By Francisco R. Casas* 


In a well known article, Roy Ruffin has 
shown that for a small country importing a 
final as well as an intermediate product, the 
second bes: optimum effective tariff rate 
using the Barber-Johnson-Balassa measure 
is zero when the imported input is not pro- 
duced domestically and is used in the im- 
port-competing sector only. Ruffin defines 
the second best optimum in terms of a given 
consumption distortion. It will be shown, 
however, that the optimality of a zero effec- 
tive tariff rate is not unambiguous in terms 
of a given production distortion and that, in 
fact, there exist two different second best 
optima in this context. 

Following Ruffin, it will be assumed that 
the home country is small and produces two 
final goods, X; (exportables) and X+ (im- 
portables). The production of import-com- 
peting goods requires the use of an imported 
material input, X3, which is not produced 
domestically and which is used in fixed pro- 
portions. Production functions are homo- 
geneous of the first degree and quasi-con- 
cave, and all competitive assumptions are 
assumed to hold. To avoid income distribu- 
tion problems, we postulate a collective 
utility function U=U(Ci, C2), where C; is 
the aggregate consumption of the ith good. 
With p denoting the relative price of the 
second commodity in the home country, X; 
being taken as the numeraire, changes in 
real income or welfare measured in terms of 
the numeraire are given by? 


* Department of political economy, University of 
Toronto. I am indebted to James R. Melvin, J. Clark 
Leith, and an anonymous referee for their valuable 
comments on tke initial draft of this paper. 

1 Ruffin also showed that the second best optimum 
rate of effective protection is zero when the imported 
input is used in the export sector or in both sectors pro- 
vided another unbiased measure of effective protection 
which he proposes is adopted. However, we shall not be 
concerned with =his problem here. 

2 The reader will recognize the technique used by 
Ronald Jones. 
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dU 
dy = Tr = dC: + pdCe 


l 


(1) 


Let p* denote the fixed foreign price ratio of 
final commodities, p and p%$ the domestic 
and foreign relative price of the intermediate 
good, respectively, and & the fixed inter- 
mediate iinpur coefficient in the import- 
competing sector. Balanced trade then im- 
plies 


(2) 


where £;=C;—X, is the domestic excess 
demand fer the ith good. From (1) and (2), 
the change in welfare for small changes in $, 
ps, and X; that satisfy the budget constraint 
is readily shown to-be given by 


(3) du = dX, + (Q — kp) dXa] 
+ R(ps — ps)dX 
+ (p — p dE 


Since along the production possibility 
curve the marginal rate of transformation 
between tke two final goods equals the ratio 
of value-added, the first bracketed term on 
the right-hand side of the above equation is 
zero. On the other hand, if ¢ and ¢s denote, 
respectively, tke ad valorem tariff rates on 
imports of the final and the intermediate 
goods, then p=p*(1+ and ps=p3(1+4). 
It follows that 


(4) 
Substituting for dÆ», we now obtain 
(5) dy = — p¥(t — O3t3)dX2 + tp*dC: 


E, + p Er + pskX2 = 0 


dy = klap;dX_ + tp dE: 


where 6;= kp$/2* is the distributive share of 
the materiel input at free trade prices. 

This last expression for the change in wel- 
fare may be further simplified by noting that 
the domestic output of the importable good, 
Ae, is a function of p and f, and that 
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(0X2/dp3) = —k(0X2/dp).2 It can thus be 
seen that 








ðX d 
CPA 
dp di Ops dts 


3 





aX 
= p*(dt — zdi) 7 


On the other hand, Cz is a function of the 
commodity price ratio, p, and real income: 


(7) dC, oer 


where m is the marginal propensity to con- 
sume importables in the home country. Sub- 
stituting for dX and dC, in equation (5) 
yields equation (8). 





pel + 2) 
Saye 
ep ae (1 + mit) 
d- qei 5 e 
aCe 
a} 
Op 
where 





dCs 
mı = Í — ma and — <0 
Op 
Consider first the case analyzed by Ruffin 
in which a tariff on the final good is arbi- 
trarily set (t=?) and the problem is then to 
find the second best optimum tariff on the 
imported input, és,op, In this case, we can 
write 








(9) əy) pH +E) 
ðlslıT (1+ mil) 
- ðX? 
: 16 — Ozta) o} 
op 


3 As long as X, does not use the imported input, the 
output of Xz is a monotonically increasing function of 


(p—kps). 
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If h is at its optimum value, dy/d4;=0, so 
that 


(10) ts op = t/@s 


Remembering that the Barber-Johnson- 
Balassa measure of effective protection is 
ERP = (t—6st3)/(1—@3), it follows that for 
any given ?, the optimum effective rate of 
protection is 


[Z — 63(8/0s) | B 
(1 — 63) 


which is the result derived by Ruffin.’ 

It must be noted that this result was 
derived under the assumption that the first 
best optimum solution (namely, free trade) 
is not attainable because of the presence of a 
nominal tariff on the final commodity. The 
question arises, however, as to whether the 
second best effective tariff rate is zero when 
the initial distortion is a nominal tariff on 
the imported intermediate good. Let t, be 
any such arbitrarily chosen tariff; the effect 
of imposing a tariff on the final commodity is 
now given by 


GD ERPs = 





ð t1 pi 
(12) = : = ee Sa 
ði ta=t3 (1 + mt) 
OC 2 
4- (= ie ae T 4 
Op Op 


It follows that the second Bast nominal tariff 
on the final good ts 


Ad ase 03(0X2/dp) ts 

(8X/ap) — (8C:/ap) ~ 

if fs 2 0 
and the second best effective rate of protec- 
tion 15 
63(8C2/dp) ks 

(1—0) [(8X2/dp) — (8C2/Ap)] 

$0 if 7320 
In other words, given any arbitrary tariff 


(subsidy) on the material input, the second 
best effective tariff rate is negative (positive) ! 


(14) ERPp= 


í See his equations (5) and (9), pp. 264-65. 
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‘This result stands in sharp contrast. with 
Ruffin’s and is indeed odd. However, the 
intuitive explanation of this asymmetry 
between the two cases is quite simple. The 
initial Imposition of a tariff on imports of the 
final good results in a production loss as well 
as a consumption loss. When a tariff on the 
imported input is then levied, the effect of 
the latter is to reduce the production loss as 
the output bundle produced moves toward 
its free trade composition, while the original 
consumption loss remains unaffected. When 
the effective tariff rate falls to zero the pro- 
duction loss will have been totally eliminated 
and further increases in ¢; will again result in 
production losses.*® 

On the other hand, the initial imposition 
of a tariff on the intermediate good involves 
only a production loss. If a tariff on the final 
commodity is subsequently introduced, this 
production loss is reduced but a consump- 
tion loss is simultaneously created. Thus, it 
is no longer clear that the attainment of the 
second best optimum involves raising the 
tariff on the final good up to the point where 
the effective rate of protection is zero, ie., 
up to the rate at which the production 
bundle is the same as under free trade. In 
fact, the optimum ERP will always be nega- 
tive in this case’—expect in the event that 
the two final goods are consumed in fixed 


.5 This brings out the point—~not always explicitly 
recognized—ihat there are production losses from too 
much specialization as well as from too little. 

6 The reader may wonder whether it is not possible 
for the additional consumption losses from successive 
increases in ¢ to be so small as to make it profitable to 
raise the latter to the point where the ERP =0. How- 
2ver, we must note that reductions in production losses 
are proportional to the effective rate of protection 
(t—O3f3) while increases in consumption losses are pro- 
Dortional to the nominal tariff rate #. Thus, for any non- 
extreme values of 0X2/0p and dC2/dp, it will always be 
true that for # sufficiently close to 8sfs, —(8X:/Əp) 
- (¢—05¢3) > —(8C2/dp)t. 
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proportions (8C:/dp=0) or if 0X2/dp ap- 
proaches infmity. Conversely, if the import- 
competing sector is being protected through 
a subsidy towards the use of the material 
input, the second best policy involves an out- 
put tariff wkich is not large enough to wipe 
out the protection given to that sector. 

Thus, it turns out that we cannot in gen- 
eral conclud2 that the second best rate of 
effective protection is zerc in the small 
country case. This will be true if the exoge- 
nous distortion takes the form of nominal 
protection oł the import-competing indus- 
try, but not if the distortion is a tariff or 
subsidy on the imported input used by that 
industry. This, in turn, casts some doubt on 
Ruffin’s definition of an efficient measure of 
effective protection: “... if when the effec- 
tive tariff on the imported final good is zero 
and the tariff on the final good is non-zero, a 
second best optimum is achieved, then the 
effective tariff is said to be eficient” (p. 265). 
While Ruffin argues that the Barber-John- 
son-Balassa meesure is efficient, at least for 
the case where the commodity using the im- 
ported material input is itself an importable 
good, we have shown that this definition 
holds only ii additional qualifications are 
made, namely, a specification of the nature 
of the initial distortion. Indeed, it appears 
that no measure of effective protection can 
be devised that will be unambiguously 
“efficient” in this sense and the concept of 
efficiency is thus of limited use for practical 
policy making. 
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Industrial Pzices, as Administered by Dr. Means 


By GEORGE J. STIGLER AND JAMES K. KinpauL* 


The most fundamental proposition in the 
administered price literature is that prices in 
industrial markets, especially those which 
are oligopolistic in structure, are unrespon- 
sive to changes in genera. business condi- 
tions, and that this behavior is pervasive. 
Our study, The Behavior of Industrial Prices, 
is an examination of the evidence regarding 
this view. 

Our central purpose was to ascertain 
whether “administered prices” which, as 
reported by the Bureau of Labor Statistics 
(BLS), were essentially unresponsive to 
declines of general business. conditions, were 
in fact unresponsive: that is, our central 
task was to obtain transaction rather than 
quoted prices. To that end, we collected 
buyers’ prices on commodities that met two 
conditions: | 


1. The commodities were those which 
did not undergo large quality changes over 
cycle-length periods of time (so the prices 
would be meaningful), and 

ii. The prices were generally considered 
to be administered. 


It follows that we were making a one-way 
test of the existence of administered prices: 
we deliberately omitted all industrial prices 
where the phenomenon >f administration 
had not been urged with some plausibility. 
This concentration on administered prices 
had only three possible (but by no means 
certain) exceptions of which we were aware: 
‘bituminous coal, wood flooring, and plywood, 
where excellent price series became available. 

The concentration of the sample in the 
area of administered prices means, of course, 
that we were not searching the universe of 
industrial prices to determine the extent of 
“administration” but rather that we were 
examining the behavior of so-called adminis- 
tered prices. Even if 1CO percent of our 


* University of Chicago and University of Massa- 
chusetts, respectively. 
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sample showed a particular type of perverse 
price behavior, that would leave open the 
question of how the remainder (81.1 percent 
by weight) of nonagricultural and nonfood 
wholesale prices behaved. 

Gardiner Means has reinterpreted the evi- 
dence on pricing behavior presented ir. our 
book and he is duly rewarded for his dili- 
gence by finding that “the administered- 
price thesis” is fully confirmed (1972). We 
shall restrict our comments to 1) the cri- 
teria of administered prices, and 2) several 
general questions of empirical procedure; 
these are the basis for Means’ dissent from 
our conclusions. 


I. Means’ Concepts of Price Administration 


Means has great claims to initiating the 
literature of administered prices (although 
F. C. Mills’ claims are not negligible), but it 
is not his personal prerogative to designate 
which prices are administered in the eves of 
the economics profession. The very success 
of Means’ writings—and we reckon him 
among the most influential of economists in 
the history of this country—implies that 
they no longer have any special meanings he 
might wish to attach. For scientific purpose, 
it is the accepted view of administered 
prices that must prevail. Most economists 
specializing in industrial organization will 
accept our list of administered prices as gen- 
erally valid (although incomplete). 

Of course we concede Means’ right to 
define administered prices for himself as he 
wishes, and we would be glad to segregate 
out a subset of prices and label them 
‘“‘Means-administered,” but this proves to be 
virtually impossible—at least for us. It will 
be useful to comment upon his changing cri- 
teria of administration. 

Initially his definition of administered 
prices was as follows: 

A market price is one which is made in 


a market as the result of the interaciion 
of buyers and sellers. The prices of 
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wheat and cotton are market prices... . 


An administered price is essentially dif- 
ferent. It is a price which is set by ad- 
ministrative action and held constant 
for a period of time. We have an ad- 
ministered price when a company main- 
tains a bosted price at which it will 
make sales or simply has its own prices 
at which buyers may purchase or not 
as they wish. [1935, p. 1] 


This distinction is palpably vague. Even on 
an organized exchange a buyer or seller may 
have a bid or ask price which persists for a 
long time. Conversely, what if one of numer- 
ous firms in an industry changes prices each 
month, but it is a different firm each month 
—the BLS data often display this amazing 
behavior—is the market price administered? 
Or if the firm makes different offers for 
forward contracts of different length—is its 
price constant over time? 

In his actual practice during the 1930’s, 
Means defined administration as infrequency 
of price chenge, and measured it simply by 
frequency of price change per price reporter. 
Thus, if three sellers of a product each made 
one price change in a three-year period, the 
price flexibility measure would be. 1/35 
whether the changes were in the same month 
or different months. The literature of eco- 
nomics did not faithfully follow Means in 
this respect; it introduced two different cri- 
teria which are absent from his early work: 


1. Oligopoly or high concentration was 
identified with administration; Means ex- 
pressly disavowed this connection.’ 

ii. Frequency of price change received 
less emphasis, partly as a result of the in- 
creased attention to concentration, in favor 
of amplitude of price change. 


When Means applied himself to infla- 
tionary conditions in the 1950’s, he modified 
his criteria in several respects: 


i. He necessarily used the inappropriate 
BLS frequency of price change, whose be- 


1 Means, (1935), p. 1: “Administered prices should 
net be confused with monopoly. The presence of ad- 
ministered prices does not indicate the presence of 
monopoly. ...In many highly competitive industries, 
such as the automobile industry, prices are made ad- 
ministratively and held for fairly long periods of time.” 


SEPTEMBER 1973 


havior is strongly influenced by the number 
of price reporters.?, Hence, measured fre- 
quency of price change became heavily 
dependent upon the number of price re- 
porters. 

il. He modified the classification rest- 
ing upon frequency of price change in a 
highly subjective fashion: 


The classification of price groups into 
those Gominated by price administra- 
tion, mixed, and those dominated by 
market prices is based upon general 
knowledge. It is consistent with the 
findings of the BLS on average fre- 
quency of price change except in the five 
cases {aut of a total of 15] as is shown 
in the table below: .. . [1959, p. 4756]. 


Here Means was dealing with categories 
of BLS prices rather than individual prices, 
but the criteria should not be affected. 


iii. A tacit acceptance of the congru- 
ence of ais classification with that of compe- 
tition anc monopoly became apparent, al- 
though not wholly explicit. Thus, he refers 
to “classically competitive prices for food, 
leather, limber, textiles, and farm prod- 
ucts... (1959, p. 4758, also p. 4775). In 
the same oral testimony, he says, “I know 
well that zhe rubber industry, the manufac- 
turing of rubber, is fairly concentrated. 
Therefore we could appropriately classify 
even this exception [the rubber and rubber 
products industry] as black” [ie, as an 
administered price industry; a chart pre- 
sented had colored industries said to have 
administered prices in black | (1959, p. 4758). 


In his most recent article, Means offers 
still another criterion of administered prices. 
He omits fifteen commodities as being mar- 


_ ket-dominated. Eight copper related prices, 


for example, are deleted because they are 
“fabricated from highly competitive raw 
materials” (1972, pp. 295-96, n.). This is an 
almost new criterion of nonadministration, 
wholly absent from his works in the 1930’s, 


2 Earlier, Łe had access to individual price reporter 
data, and ouz failure to realize this led to the inappro- 
priate criticism which was withdrawn in the Journal of 


. Economic Literature, Sept., 1971, p. 852. The data of 


the 1953-56 study of the BLS are fully vulnerable to 
these criticisms, see Stigler and Kindahl, pp. 18-20. 
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but with partial anticipation in his testimony 
before the Kefauver Committee. Yet even in 
Means’ own terms the omissions are odd: 
The BLS price of copper ingots shows in our 
10-year period, subperiods of 33, 13, and 
thrice of 7 months of price constancy.’ 
Aluminum ingot prices behave similarly, 
though the rigidity is less dramatic. 

He also has two new interpretations of the 
implication of price administration: 


1. He now believes that administered 
prices should be corrected for trend (1972, 
p. 299). This is a novel departure from previ- 
ous practice—with important implications. 

2. “ ... the administered-price thesis is 
not concerned with regular seasonal price 
jumps” (1972, p. 301). This again is a wholly 
new interpretation. 


Means’ theory has indeed become difficult 
to refute or confirm. In the absence of a well- 
defined set of criteria, and rigorously derived 
implications, no test can be convincing. 
Means’ criteria have changed—or, perhaps, 
evolved—over time. The implications have 
become so broad as to be almost uselessly 
vague: ‘Basically, the administered-price 
thesis holds that a large body of industrial 
prices do not behave in the fashion that clas- 
sical theory would lead one to expect.” His 
empirical work using our data embodies this 
statement without further qualification. We 
think that virtually all of our price series are 
appropriate to what economists in general 
mean by administered prices, and that our 
interpretation of its implications conform to 
an important segment of thought on the 
question. We think that Means’ extreme 
flexibility of concept of price administration 
does his work a disservice. 

A final word on Means’ “theory.” He has 
never offered an acceptable theoretical ex- 
planation for administered prices (=infre- 
quently changed price quotations) as either 
a phenomenon of individual business or as a 
market phenomenon. We provide an ortho- 


3 The Houthakker report on copper prices states that 
with the pegged domestic price producers “have tradi- 
tionally attempted to mitigate fluctuations in copper 
prices by changing prices only at discrete intervals... .” 
(Council of Economic Advisers, p. 9). 
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dox explanation of long-term contracts by 
individual businesses in our book, and find 
no clash between traditional theory—once 
transaction costs are introduced—and ob- 
served behavior. Means insists upon limit- 
ing ‘‘classical”’ price theory to the large- 
number auction of a perishable good, and 
much of his frustration with the theory 
comes from this narrow vision.‘ 


Il. The Interpretation of Evidence 


Means’ paper comes to the conclusion, 
startling at least to us, that our new price 
data really indicate the opposite of what we 
assert: the new data, indeed, seem to him to 
provide overwhelming support for his ad- 
ministered-price thesis. Thus, his Table 1 
retabulates our data to suggest that weil over 
half our price series conform to his “trun- 
cated administered-price hypothesis.” How 
can our statistics be truly so obliging to 
Means’ purposes? There are three reasons. 

First, he excludes nearly one-fourth of our 
price series as “raw material dominated” (a 
concept left undefined). We have already 
argued that this exclusion is mistaken. 

Second, he redates the turning dates of 
cycles. We adopted the reference cycle dates 
of the National Bureau of Economic Re- 
search (VBER)—a chronology which has 
been widely accepted by the economics pro- 
fession. For reasons best known to himself, 
Means constructs new cycle dating by using 
only his interpretation of the Index of Indus- 
trial Production; this gives the same results 
as the NBER dating for the first contraction 
(July 1957—April 1958) and for the beginning 
of the first expansion (April 1958); he dates 
the end of the expansion at June 1959, eleven 
months short of the May 1960 peak of the 
NBER series. Means dates the second con- 
traction as beginning in January 1960. Thus, 
he leaves the last six months of 1959-in the 
limbo of neither expansion nor contraction— 
a procedure totally foreign to the accepted 
methods of defining cycles. Finally, he finds 
the expansion ended in March 1962. (The 
NBER reference cycle expansion does not 
begin until January 1961). 


4 Means asserts a clash because he has a rigid, ele- 
mentary competitive price model (1972) p. 302. 
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The expansion beginning in 1961 (as seen 
by the NBER reference cycle) is the longest 
in the history of the United States. We noted 
that taking the entire period of 1961-66 as an 
expansion would give so much weight to 
trend factors as to be useless as a cyclical 
measure. Somehow, we had to choose part 
of that expansion for analysis. Means wishes 
tc choose the first 14 months; we chose the 
last 24. Our grounds were that in the 1961-66 
period, a number of indicators (GNP, con- 
stant dollar GNP, industrial production, 
expenditures on new plant and equipment) 
showed higher annual percentage increases 
in the last two years of the period than in 
earlier years of the expansion. Moreover, 
inflation began in these latter two years, and 
we wished to examine both the accuracy of 
the Wholesale Price Index (WPI), and the 
behavior of “administered” prices, during 
this period of rising prices. 

Third, Means enlarges the predictions for 
price behavior of the administered-price hy- 
pothesis to include eny departure from strong 
classical predictions, and his tables are so 
ladelled. Let us rewrite Means’ Table 1 with 
neutral headings breaking the heading ‘‘Con- 
forming to the Truncated Administered-Price 
Thesis” into two parts., 


TABLS 1--Mrans’ TABLE 1 REARRANGED 
AND DISAGGREGATED 


ist Con- tst | 2d Con- 2d 
traction Recovery traction Recovery 
July 37- Apr. 58- Jan. 60- Jan. 61- 


Apr. 58 June59 ‘Jan.61 Mar. 62 
Price Increased 15 17-12 5 
No Change In Price 19 10 14 16 
Price Decreased 16 23 24 29 
50 50 - > $0 50 


Consider the two recoveries: the decreases of 
prices in the recoveries account for more than 
half of the 100 observations on Means- 
defined administered prices in recoveries. 
These are classified in his tables as ‘“‘con- 
forming to the truncated administered-price 
hypothesis.” Shall we call this ““administered- 
price deflation”? The extraordinary intellec- 
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tual imperialism of this label should be clear.® 
Firms using their market power to force 
prices down during an expansion are not dis- 
playing ‘‘administered price behavior” to the 
profession. We are hardly ready to concede 
this price behavicr to be telling evidence in 
favor of the view that prices of such goods do 
not fall in contractions and rise only tardily 
in expansions. 

In the two brief contractions allowed by 
Means, on2 shows about a third of the prices 
declining, the other nearly one-half. Con- 
sidering the shoriness of the period (eight 
and twelve mcnths, respectively) compared 
with the typical length of contracts used by 
our buyers (twelve months) we do not find 
this convircing evidence of price administra- 
tion—especiall since the fifty commodities 
surviving in the table are all certified to have 
administered prices. 


We -shall not subject the reader to our 
more detailed differences from Means, such 
as the over-epresentation of steel products 
in our sample (which seems evident on the 
basis of WPI weights), or thelr atypical be- 
havior (which seems evident from the 
charts in cur kook), or our use of weighted 
averages in summarizing experience of two 
cycles. The facts on price behavior are at the 
reader’s disposal and he can form his own 
judgment. 


LI. Conclusion 


The most fundamental proposition in the 
administered price literature, to repeat, is 
that industrial markets, especially those 
which are oligopolistic in structure, are 
unresponsive ir their pricing to changes in 
general business conditions. Our work seri- 


ously undermines this proposition. 


ë Means goes stil. further: he finds some commodities 
with a downward trend in price, whose rates of fall in 
contractions were less than in expansions. By using 
deviations frcm: trend (shown as “data corrected for 
trend”), rather then raw data, he converts them to 
commodities whose prices “rise” (relatively) in reces- 
sions, fall in contractions—and then claims these as 
behaving as administered-price theory predicts! (see 
Means (1972) p. 299). 
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The standard theory of pricing shared by 
virtually all modern economists has serious 
limitations and unresolved problems. In our 
study, we lamented our tardy recognition of 
the fascinating problem of determining the 
nature of the contracts under which most 
industrial goods are sold. We analyzed prices 
in specific cycles, to get wholly obscure 
results. Cleverer men will find difficulties 
with the received theory that never occurred 
to us. But we do not believe that these 
known and unknown difficulties with re- 
ceived theory are favorable to Means. His 
theory, if it be a useful one, cannot be, as at 
times he believes: prices behave differently 
than most economists believe—that theory 
has, no doubt, ample content but no direc- 
tion. He once observed, no doubt whim- 
sically, that “... if one introduces a single 
administered price into the [Walrasian | sys- 


ë An amazing example of this Phoenix property of 
Means’ theory is the discussion of “specific cycles”— 
large changes in output of individual industries. He 
views as strong confirmation of his thesis the fact that 
we found very few price increases in these large expan- 
sions (there were few sufficiently large contractions in 
our period), Yet two pages later he asserts that accord- 
ing to his thesis, prices should rise in periods of sustained 
expansion of output! “... A finding of a predominent 
tendency for prices to rise in this period could not pos- 
sibly support either thesis as against the other” (1972, 
p. 299). 
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tem, the equations cannot be solved” (1962, 
p. 28). The economy is not all that fragile; a 
single administered price—let it behave as 
insanely as the Devil can devise—will have a 
negligible influence. The thesis that modern 
economics has received from Means, what- 
ever he intended, is that perverse or un- 
responsive price behavior is widespread. Our 
study, without benefit even of data from a 
large or protracted recession, contradicts 
that thesis. 
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Environmental Externalities and the Arrow-Lind ` 
Public Investment Theorem 


| By ANTHONY C. FIsHER* 


In a recent article concerning the evalua- 
tion of public investments Kenneth Arrow 
and Robert Lind have shown that, as the 
net returns to an investment of given size are 
shared by increasingly many individuals, the 
risk premium for the representative indi- 
vidual vanishes and, more importantly and 
perhaps surprisingly, the aggregate of these 
premiums for all individuals also approaches 
zero. 

The purpose of this note is to consider 
whether, and how, this result and the im- 
plied policy of risk-neutrality in the evalua- 
tion of public investments might have to be 
modified where these investments produce 
uncertain environmental side effects. In par- 
ticular, suppose that in addition to the direct 
costs of undertaking a project, already 
netted out of the returns, there are other, 
external costs in the form of environmental 
damages, borne perhaps by a different set of 
individuals than those who benefit from the 
project. In what follows, conditions under 
which this would affect the Arrow-Lind 
results are defined, and the results appropri- 
ately modified. The note is concluded with a 
discussion of the empirical relevance of key 
assumptions in the analysis, and some impli- 
cations for policy. 


I 


Following Arrow and Lind, let the welfare 
function for each of n identical individuals 
be written 


(1) W(s) = E[U(A + sB + sx)} 


where welfare W is the expected utility E[U] 
cf (uncertain) income A independent from 
the particular public investment under con- 


-* Resources for the Future, Inc. I have benefitted 

rom conversations with Kenneth Arrow, John Brown, 
and Harl Ryder, and from comments on an earlier draft 
by Barry Chiswick, Donald Hester, John Krutilla, 
‘Howard Kunreuther and Kerry Smith. 
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sideratior, plus the share s of (net) income B 
from the inv2stment, made up of the ex- 
pected returns B plus a random component 
x with meen zero. If all share equally in the 
net returrs, then s=i,’n. Assuming the 
representative individual is risk averse, there 
exists a number k(n) >0 such that 


o sfofa 28) 


Fa 


-[o(4+2-10)] 


i.e., the individual is indiferent between ac- 
cepting the risk z/n and paying the amount 
k(n). 

Arrow and Lind note first that lim,.., (7) 
=(), and ther. prove that lim, » k(n) =0, 
which is not Intuitively obvious. The mean- 
ing of this result is that ic v is large enough, 
then only the expected value of net benefits 
should be taken into account in evaluating 
the investment—even though each of the 
affected individuals is assumed to be averse 
to risk. 

Note thet costs and returns are finite, and 
sum algebraically to B. Any part of B that 
goes to one individual does not go to another, 
so that as B is (equally) divided among in- 
creasingly many individuals, the size of the 
share going to each decreases. But suppose, 
as has heen suggested, that in addition to the 
costs already included in B, the investment 
generates environmental damages, for ex- 
ample air pollution, which can be considered 
a “public bad’’ in the sense that what is re- 
ceived by one economic unit does not ap- 
preciably reduce what is received by others. 
To put the matter a bit differently, let 
C(m)/m be the environmental damages 
borne by each of m identically affected indi- 
viduals. Then dC(m)/¢m>0, ie, total 
damages C(m) are increasing with m, per- 
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haps sufficiently rapidly that C(m)/m re- 
"mains constant, or even increases, with in- 
crease in m.! In this not untypical situation, 
- clearly, the stake in the outcome of each of 
the affected individuals, and therefore also 
the cost of risk to each, does not decrease 
with: increases in their number—or, of 
course, in the number of those who benefit. 
_ The implications of this for the cost of risk 
in the aggregate, and in turn for the social 
evaluation of the investment, are spelled out 
in the following exercise within the Arrow- 
Lind framework. 

Suppose, then, there are » individuals who 
share equally in the net benefit B from an 
investment, and m (different) individuals 
who bear equally the environmental dam- 
ages. An efficient policy is one that maxi- 
mizes 


o fo(s- 


subject to 


o mofa- 2Y 


> mE|U(A)|] 


where 7 is the total compensation that could 
be transferred from the n gainers to the m 
losers and all other symbols are as defined 
earlier. 

Dividing C(m) into two parts, C(m) ex- 
pected costs, and Z(m), a random part with 
mean Z(m)=0, (4) can be rewritten as 


(5) z| u(A ss co) zen] 


m m m 
> E[U(A)] 


Assuming the representative individual who 
suffers the damages is risk averse, there is 
some positive amount he would be willing to 


1As a matter of fact, the analysis that follows re- 
requires only that lim,.,, C(m)/m+0. One way in 
which this condition could fail to hold, i.e., in which 
C(m)/m could approach zero, would be if a variety of 
other adverse effects of a very large increase in 1, not 
related to the investment externality, were to render 
the separate effect of the investment negligible. 
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pay in order to remove the risk represented 
by Z(m)/m. At the margin, 





o a[p(- B22 63) 
= el u(4 — z — (m) +2)| 


where (m) is the positive amount which 
would leave him indifferent between paying 
and accepting the risk. Combining (5) and 
(6). we have 


(7) el u(A 5 dO ‘ S] 


> E[U(A)] 





which implies 
(8) T 2 C(m) + ml(m) 


Since, however, (3) is to be maximized, r 
must be as small as possible, so that 


(9) a = C(m) + ml(m) 


Alternatively, B should be undertaken 
(assuming no constraint on capital) if 


(10) | B — C(m) — ml(m) > 0 


In the absence of individual risk aversion, 
the cost of risk-bearing /(m) vanishes, leav- 
ing the Arrow-Lind result that a project 
should be undertaken if the expected value 
of benefits net of all costs is positive. Where 
environmental losses are collectively borne, 
and the risk to those who bear them remains 
significant, then, this result must be ad- 
justed. To the cost of the project must be 
added not only the expected value of these 
losses but also the amount that would be 
required to compensate those who bear the 
risk. Although information on these magni- 
tudes would ordinarily be difficult to come 
by, it is at least clear that some adjustment 
for risk ought to be made. 

The result expressed in equation (10) can 
be generalized rather simply to treat all indi- 
viduals symmetrically. Proceeding as before, 
write 
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(11) E[U:(4: + B: + 2)] 
= E[U:{4: + B: — bi] 


where U; is the utility of the ith individual, 
from preinvestment income A;, expected 
investment benefits B; ne! of environmental 
costs, and a random investment return s. 
Equation (11) says that there is some posi- 
tive amount k; the risk-averse individual 
would pay that would leave him indifferent 
between paying and accepting the risk repre- 
sented by x;. Let T; be the amount, positive 
or negative, that could be transferred from 
each individual and leave him as well off 
after the project is undertaken as before. In 
symbols, 


(12) E[U(A: + B: — ki — Td] 
= E[U:(A,)] 
Then 
(13) T; = B; — ki 
and the project should be undertaken if 


(14) DT: = 2 (Bi — ki) > 0 


II 


One important assumption underlying 
these conclusions is of course that the en- 
vironmental damages associated with the 
investment represent a nonnegligible frac- 
tion of the real income of the affected indi- 
viduals. Were this not the case, 1.e., were 
they in fact negligible, clearly it would mat- 
ter little that they are not reduced to indi- 
viduals as they are spread. This suggests 
that the appropriateness of the adjustment 
to net benefits for aversion to the risk of 
environmental damage may be an empirical 
question. In at least some cases, as where 
significantly increased mortality rates, or 
reduced residential property values have 
been attributed to air pollution, the environ- 
mental effects of an investment project may 
well be large enough to make the adjustment 
appropriete.? In particular, effects that are 


2For empirical studies of the health and property 
losses attributable to air pollution, see Lester B. Lave 
and Eugene P. Seskin, and Ronald Ridker. 
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cumulative, or irreversible, may fall in this 
category.” 

Another important assumption is that the 
risk is not (ccstlessly) transferable from the 
affected individuals to the larger community. 
If private markets for transferring the risk 
exist, then the Arrow-Lind results follow, as 
indeed they demonstrate in the first part of 
their pape-—though not with reference to 
“collective’ risk of the sort considered 
above. Tke second part, cn which this discus- 
sion has keen based, is designed explicitly to 
demonstrate the validity of their results pre- 
cisely when these markets do not exist. The 
analysis af the preceding section might then 
be interpretec as an argument for govern- 
ment provision of insurance, where it is not 
privately available, against the risk of envi- 
ronmenta. damage. 

The difficulty with this approach is that 
where markets for transferring risk do not 
exist, presumebly this is because the moral 
hazard is zco great, or the cost of making the 
complicated contracts that would be required 
is too high, as Arrow and Lind also note. The 
case for government provision of insurance 
against the risk of environmental damage 
then depends in part on the ability of govern- 
ment to reduce the moral hazard, or the 
transaction costs. One advantage govern- 
ment has, of course, is that it can in effect 
enroll the entire community in an insurance 
program, thereby maximizing risk spreading, 
or what is the same thing, minimizing the 
cost of risk b2aring, as in the Arrow-Lind 
model. Thus suppose all costs (as well as all 
benefits) associated with a particular proj- 
ect, including any environmental damages, 
were made internal to the project in the 
sense that r2turns net of all costs were shared 
equally. In the framework of the analysis of 
the preceding section, the m affected indi- 
viduals wculd not alone bear the cost and the 
risk, which would be spread, with the bene- 
fits, to all members of the community. 

A policy zo internalize all of the costs of a 
public prcj2ct. including in particular the 
cost of envircnmental risk, is certainly 
appealing, and is consistent with economists’ 


3 For a discussicn of the special implications of irre- 
versible changes for the problem of environmental 
preservation, sze Eenneth Arrow and Fisher. 
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recommendations for the control of privately 
generated external costs. The difficulty here 
again is that an attempt to transfer risk in 
this fashion is likely to be accompanied by 
substantial transaction costs, broadly con- 
ceived. Suppose, for example, we are consid- 
ering whether to build a jetport near enough 
to a residential neighborhood that some 
people are likely to be affected by noise and 
air pollution. In order to make these uncer- 
tain environmental costs internal to the proj- 
ect in the sense suggested above (and as they 
have generally not been), costs of education, 
persuasion, or even coercion might be in- 
curred. This is because some other people 
(those not in the affected area) presumably 
benefit from the project so long as the envi- 
ronmental costs are not internalized. 

Or suppose the question is whether to con- 
struct a dam for purposes of power genera- 
tion, where this construction necessarily 
results in the flooding of a canyon, obscuring 
the walls and converting a free-flowing river 
into a pool. Suppose, further, that river and 
canyon, if left undeveloped, are capable of 
providing valuable recreational and scien- 
tific services (though perhaps not to the 
same individuals who would benefit from the 
dam). It may be difficult, Le., costly, even 
for the government, to identify all those who 
lose as a result of the development, and to 
measure all of the losses, as would be re- 
quired under any scheme that seeks to insure 
equal shares in the gains from the project 
net of all losses. What these examples sug- 
gest is the possibility that the cost of trans- 
ferring the risk of some environmental dam- 
ages from private individuals to the larger 
community may exceed the cost to these 
individuals of bearing the risk, where the 
damages would be hard to identify and 
measure, or are unequally distributed. 
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As a final point, note that the suggested 
transfer will be effective in reducing the cost 
of risk only if m is small relative to n, assum- 
ing again that the environmental costs to 
each of the m affected individuals are not 
reduced with increases in m. 

What are the implications for policy of the 
several points raised in the note? First, it 
would be desirable to internalize, in such a 
fashion that they are shared more or less 
equally, the environmental costs cf a public 
project. This is so not only for the traditional 
reason for internalizing all costs of a private 
project, namely to correct the distortion ‘in 
allocation that would result from « failure to 
internalize, but also for another reason: to 
eliminate the deadweight loss that would 
result from privately borne risk of environ- 
mental damage. Second, the attempt to 
transfer this risk to the larger community 
may itself carry costs; and third, where these 
(transaction) costs are large enough that 
transfer is not profitable, the net benefit 
from a public project should be adjusted to 
take account of the attitude of the affected 
individuals toward the risk of environmental 
damage. 
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A Note on Proportionally Distributed Quotas 


By RAcHEL MCCULLOCH AND Harry G. JoHNSON* 


Traditional theory has usually condemned 
trade restriction as an irrational or mis- 
guided interference with efficient resource 
a-location. The two notable exceptions have 
been the “optimum” tariff and the infant 
industry argument for protection. More 
recently, however, trade theorists have 
begun to investigate the possibility that 
tariffs are used to achieve certain “non- 
economic” objectives, that is, ones reflecting 
considerations not captured by individual 
private consumption.! Their work has eval- 
uated the relative efficiency of tariffs, pro- 
duction subsidies, and consumption taxes as 
instruments for implementing such objec- 
tives as a given increase in domestic produc- 
tion or restraint of imports below the free 
trade level.* This note seeks to extend the 
analysis by comparing a tariff (or equivalent 
quota) with a commonly used protective 
arrangement which we term a “propor- 
tionally distributed quota,” as alternative 
means of pursuing various objectives of 
trade restriction. 

We do not intend to de-etnphasize the 
cost, even when minimized, of achieving cer- 
tain objectives through protection. Rather, 
to the extent that these objectives are the 
end result of a process of political bargaining, 
they may be difficult to alter merely through 
demonstration of their welfare cost to the 
economy as a whole. Of course, calculation 
and promulgation of this cost makes it 
harder for special interest groups to obtain 
economic privileges at the expense of the 
majority. However, we should not overlook 
the possibility that certain noneconomic 
objectives are truly public goods which pro- 
vide sufficient collective utility to the ma- 
jcrity to justify their cost in terms of fore- 
gone consumption. In either case, it is desir- 
able to provide the least-cost method of 


* University of Chicago, 

1 See, for example, Harry G. Johnson (1960). 

? For instance, see Jagdish Bhagwati and T. N. 
Srinivasan. 
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achieving the objective. For purposes of this 


‘paper, noneconomic can best be understood 


as “outside the model.” 

It is well krown that any protective goal 
can be acaieved through some combination 
of a consumption tax and a production sub- 
sidy. However, tariffs and quotas are em- 
ployed much more frequently than direct 
subsidies—probably for reasons of political 
feasibility. In this paper we use a familiar 
model to show that a proportionally dis- 
tributed quota implies a smaller tax and 
larger subsidy than a tariff or conventional 
quota, and thus provides a more econom- 
ically efficient—but equally practical—means 
of achieving some objectives. 

As long as markets remain competitive, 
import quctas distributed in most of the 
usual ways? are analytically equivalent to 
tariffs, since they will acquire a premium 
value in the market reflecting the domestic 
scarcity of the importable good.‘ The only 
difference is in the distribution of the pro- 
ceeds. In fact, the import licenses can be auc- 
tioned to the aublic, in which case (assum- 
ing again that markets remain competitive 
and in particular that the supply of licenses 
is not monopclized) the distribution of the 
proceeds is also equivalent, since the auction 
should yield the same revenue as would be 
produced by a tariff. We designate this type 
of restriction below as a tariff/quota. 

In contrast, the proportionally distributed 
quota is a system in which import rights are 
assigned to praducers or consumers in pro- 
portion to ~heir individual production or con- 
sumption of the restricted good. We show 
below that whch group receives the licenses 
is irrelevant to the resulting equilibrium, for 
a given objective of protection (again, mar- 
kets remaining competitive). This is analo- 
gous to ihe fact that the economic incidence 


3 That is, other ihan in proportion to consumption or 
productior.. 

4 Bhagwati gives an extended discussion of equiva- 
lence under alternative market conditions. 
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of an excise tax or subsidy does not depend 
upon its legal incidence. Examples of propor- 
tionally distributed quotas are the U.S. oil 
import program, in which quotas are (or 
were) assigned to refiners in proportion to 
their refinery throughput,’ and the system 
of content protection, by which import 
duties on parts or finished products or both 
are waived if a certain percentage of sales is 
accounted for by domestic value-added.® 

For simplicity, we assume competitive 
markets and abstract from the possibility of 
a quota-induced change in market structure. 
We also exclude optimum tariff considera- 
tions by assuming a perfectly elastic foreign 
supply curve for the protected good, and 
ignore the problems raised by divergence 
between private and social costs or benefits. 
These complications will be briefly discussed 
later. We consider four possible noneconomic 
objectives of trade restriction: (a) to achieve 
a given ratio (below the free trade level) of 
imports to domestic production (or, equiva- 
lently, consumption); (b) to reduce imports; 
(c) to increase domestic production; and (d) 
to reduce domestic consumption. The first of 
these objectives has increasingly come to be 
regarded by protectionists as a “fair” com- 
promise between the desire to protect domes- 
tic industry from foreign competition and 
the claims of foreign producers to access to 
domestic markets (or, possibly, fears on the 
part of exporters that trading partners may 
impose retaliatory restrictions). Most protec- 
tive policies can be expressed in terms of one 
of these four alternatives. 

In the accompanying figures, DD is the 
domestic: demand curve ior the protected 
good, SS the domestic supply curve, and P; 
the world market price of imports. Figure 1 
illustrates the standard cost of protection 
argument,’ where a tariff or quota restricts 
imports to a level FG. We may define con- 
sumption cost to be GHJ, production cost to 
be FKL, and observe that tariff revenue (or 


ë For a detailed description of the mechanics of the 
program, see the Cabinet Task Force on Oil Import 
Control. 

€ Analyses of content protection are provided by 
Johnson (1963) and Bernard Munk. 

7 See, for instance, Charles P. Kindleberger, pp. 
105-06. 
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proceeds from auction of import licenses) is 
FGJK. According to this analysis, the im- 
porting country is now worse off than under 
free trade. However, if we assume that the 
government behaves rationally, some fur- 
ther policy objective must underlie the 
restriction of trade, and this should be taken 
into account in evaluating the result. In 
terms of the four policy objectives suggested 
above, the protection imposed is consistent 
with: a) a desired ratio R= XV/OX of im- 
ports to domestic production; b) a reduction 
of imports to FG; c) an increase of domestic 
production to OX; or d) a reduction of con- 
sumption to OV. We will compare the cost 
of achieving each of these objectives through 
a tariff/quota with that incurred when a pro- 
portionally distributed quota is used. The 
difference results from the fact that the pro- 
portionally distributed quota uses the value 
of the import licenses to influence directly 
the allocation of resources within the pro- 
tected industry. In some instances, this 
reduces the degree of import restriction 
(and hence the welfare cost) required to 
achieve the desired result. 

Suppose that the policy objective is (a), a 
given ratio of imports to domestic produc- 
tion. Assume now that import licenses are 
distributed to each producer in proportion 
to his individual output. This will cause 
domestic output (and hence imports) and 
consumption to increase above their levels 
under the tariff/quota used to achieve the 
same objective. To see why this occurs, con- 
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FIGURE 2. A Frxep RATIO OF Imports TO DOMESTIC Proruction OR CONSUMPTION 


sider the position of producers at the tariff/ 
quota equilibrium point, G, reproduced in 
Figure 2. The value of each license is P,— Py, 
the difference between the cost of importing 
an additional unit and the price which con- 
sumers are willing to pay for it. Receipts 
-from an additional unit produced will be the 
market price P, plus the value of the frac- 
tional impcrt license thus earned, a total of 
P,+k(P,.—P;). This exceeds the domestic 
producers’ supply price, P;. Therefore, pro- 
duction (and consumption) will be expanded 


= until, at the new equilibrium point, H, do- 


mestic supply price P, exceeds demand price 
P, by exactly the value of the fractional im- 
port license earned by an additional unit of 
domestic output: 


Py — P: = k(P, — Py) 


Since consumption is equal to domestic pro- 
duction plus imports, the induced change in 
production is related to the increase in con- 
sumption by 

l AQ, AC 


= (P. =P) 


1+ k)(P.— P.) 
(1 + k) i) AP. AP. 








Use of a proportionally distributed quota 
results in a new relationship linking Pe, Ps, 


and P;, which may be considered the net 
marginal cost or supply price of the pro- 
ducer-importer. An additional unit of domes- 
tic production, along with exercise of the 
import privileze thus earned, increases total 
cost by P,-+k&P; and total supply by 1+2 
units. Hence, the net marginal cost of the 
protected gocd when supplied under the 
constraint of a fixed proportion of imports to 
domestic production is 


P, + kP; 1 k 
B a Py 
i+k i+k 1 +k 


This net supply relation is shown as the 
schedule $” in Figure 2. The S$” schedule 
begins at point C of Figure 2, since for domes- 
tic prices less than Py there would be no im- 
ports. As a consequence of competitive 
profit maximization, the net supply price 
must equal the market demand price, so that 


Lok 


i.e., the new equilibrium, H, is at the inter- 
section of the S$” schedule with the domestic 
demand curve. 

The S” sckedule (for domestic prices 


-= 
— 
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above P;) is the weighted average of foreign 
and domestic supply cost, the weights being 
the proportion of each in total consumption. 
To disaggregate this average, the S’ schedule 
can be used. For every domestic supply price 
above Py, the S’ schedule shows (1+) times 
domestic output. For any level of total sup- 
ply (consumption), the S$” schedule gives the 
net social cost while the S’ schedule pro- 
vides the domestic supply price of the 
required domestic output component of that 
total. 

A proportionally distributed quota results 
in total consumption of OW of which OR is 
domestically produced at a supply price of 
P, while RW is imported at the world price, 
P;. Total value of the import licenses, 
(P.—P;)RW, is equal to (P,—P.)OR, the 
excess of total cost of domestic output over 
its market price. 

A tariff/quota is equivalent to a subsidy 
to production plus an equal tax on consump- 
tion. The proportionally distributed quota 
provides a different “mix” of the tax and 
subsidy elements. From Figure 2 we can see 
that a proportionally distributed quota 
results in an additional production subsidy 
of P,—P: over that implied by the tariff/ 
quota, plus a-countervailing consumption 
subsidy of P,—P., which partially cancels 
the consumption-taxing effect of the tariff/ 
quota. The fact that a proportionally dis- 
tributed quota implies a larger production 
subsidy and a smaller consumption tax than 
a comparable tariff/quota indicates that the 
former will be preferred whenever the con- 
sumption-tax aspect is an undesired side 
effect of achieving the policy objective. 

From this, it can be seen that a propor- 
tionally distributed quota maximizes wel- 
fare subject to the constraint that imports 
are a fixed proportion of domestic produc- 
tion. The marginal condition for welfare 
maximization requires that price equal mar- 
ginal cost. As previously indicated, the effec- 
tive marginal social cost of the product when 
supplied under the given constraint is 
(P.+RPs)/(1+2). By using the propor- 
tionally distributed quota, we equate this 
constrained marginal cost to the demand 
price of consumers. In Figure 2, the welfare 
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gain which results from substituting this 
method for a tariff/quota is measured by 
GHW V—FNRX—(KIJWV—-CERX) =GHA. 
The area GHW'V is the gain from increased 
consumption of VW. The cost is FN RX of 
additional domestic production and KJW y 
—CERX=k(XR)P; of additional imports. 
Net cost of additional consumption is given 
by the S” schedule, so that the cost is also 
measured by AHW V. Thus, the welfare gain 
is GHWV—AHWV=GHA. 

We stated earlier that the resulting equi- 
librium does not depend on whether con- 
sumers or producers receive the import 
licenses. This can be seen easily in terms of 
the net supply relation derived above. To 
maintain the same proportion of imports to 
domestic production, imports must be a 
fraction k’=k/(1+k) of total consumption. 
Now consider the effective supply curve fac- 
ing the consumer. For each unit he con- 
sumes, he obtains the right to purchase a 
fraction k’ at the world price Py. The remain- 
ing fraction 1— k’ must be purchased domes- 
tically at the supply price P,. Thus, the aver- 
age price per unit is 


1 
s S 
1+k 


RP, + (1 —-kP, = PrF s 


1+ 


Hence the net supply schedule facing the 
consumer is exactly that which is obtained 
when the licenses are distributed to pro- 
ducers. This symmetry does not depend on 
demand or supply elasticities. ® 

Policy objective (b), a given level FG of 
imports, is analyzed in Figure 3. The value 
of k is chosen so as to produce the desired 
equilibrium import level, FG (=LR).° As 
discussed above, the value of the import 
licenses given to producers in proportion to 
their individual output results in increased 
domestic output and consumption. At the 
proportionally distributed quota equilib- 
rium, R, the excess of total cost of domestic 


8 Although the two equilibria are alike in every real 
way, the domestic price P. is not the same. Thus, the 
nominal value of the import licenses is also cifferent. 

§ The appropriate value of $ in this case is less than 
XV/OX, the proportion of imports to domestic pro- 
duction under a tariff/quota regime. 
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production over total receipts from sale of 
that output (P,P.LM) is equal to the total 
value of the import licenses distributed 
(LNBR). But in contrast to case (a), in 
which imports expanded in proportion to 
domestic production, the increased consump- 
tion comes entirely from additional domestic 
production. This is because imports are 
fixed. Since consumers are willing to pay less 
(P.) for an additional unit of output than it 
costs te provide (P;) under the constraint of 
fixed tota! imports, the proportionally dis- 
tributed quota is welfare-inferior to an ordi- 
nary tariff/quota in achieving this objective. 
The result follows because the objective is 
itself the limitation of trade. A tariff/quota 
is the optimal instrument in this case, since 
it equalizes the marginal cost of increased 
domestic production and reduced domestic 
consumption. The additional welfare cost 
incurred by use of a proportionally dis- 
tributed quota is measured by FMYX 
—GRWV=FMT+GRU. 

Policy objective (c), a fixed level of domes- 
tic production OX, is well suited to the use 
of a proportionally distributed quota; in con- 
trast to the previous case, expanded domes- 
tic production is the stated objective of the 


program, rather than an undesired side effect 
of achieving a different end. The value of the 
import licenses is thus used to give a direct 
subsidy to tke desired activity. There can be 
no efficiency loss due to higher domestic pro- 
duction with < proportionally distributed 
quota as contrasted with a tariff/quota, 
since production must be the same under 
either alternative. The increase in domestic 
consumption which results from the use of a 
proportionally distributed quota comes en- 
tirely from lower-cost foreign sources. 

The value of k is chosen so as to result in 
domestic production of OX. As shown in 
Figure 4, the use of a proportionally dis- 
tributed quota to achieve the desired pro- 
duction- level results in a new equilibrium at 
N, with a consumer price of P, and a net 
welfare gain of GNMR over the use of a 
tariff/quota. Again, the excess P,P.HF of 
total domestic costs over sales is exactly 
equal to HLILN, the tozal value of the im- 
port licenses distributed. Changing from a 
tariff/quoza tə a proportionally distributed 
quota moves the economy toward the opti- 
mum, which would be achieved through the 
use of a direct production subsidy of P,—Py 
per unit, with free trade. 
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For policy objective (d), restricting con- 
sumption to OV, the best instrument is a 
consumption tax. By analogy with the previ- 
ous case, it is clear that the policy can be car- 
ried out more efficiently by a tariff/quota 
than by a proportionally distributed quota, 
since the former provides a higher consump- 
tion tax for a given level of production sub- 
sidy. The welfare loss from using a tariff 
instead of a consumption tax results from 
the implied subsidy to production, in this 
case an undesired subsidy. The additional 
subsidy produced by a proportionally dis- 
tributed quota increases this welfare loss. 

The analysis so far has assumed that the 
market supply and demand relationships 
reflect true social costs and benefits. Where 
a domestic distortion exists, the correct 
policy is first to eliminate the distortion 
through an appropriate tax or subsidy and 
then to apply the instrument indicated by 
the underlying policy objective. However, 
this may not always be possible, for the same 
types of reasons which lead to use of trade 
restriction where another instrument, such 
as a direct subsidy, would be more efficient. 
In such cases, the existence of the distortion 
may create a stronger presumption in favor 
of one of the policy alternatives available. 


For example, if the supply curve overstates 
social cost, or the demand curve understates 
social benefit, there is a stronger argument 
for employing a proportionally distributed 
quota rather than an equivalent (in achiev- 
ing the policy objective) tariff/quota. 

Similarly, where optimum tariff possibil- 
ities are present, the correct policy is first to 
impose the optimum tariff, and then to use 
the appropriate form of trade restriction as 
indicated by the relevant policy objective. 

We may summarize the argument as fol- 
lows: In comparison to a tariff or equivalent 
quota, a proportionally distributed quota 
produces an additional subsidy to production 
and a reduced tax on consumption. Under 
competitive conditions, import restriction 
policies carried out through a proporticnally 
distributed quota rather than a conventional 
tariff/quota will be more efficient to the ex- 
tent that the additional production and con- 
sumption thus induced tend to contribute to 
the underlying objective of the policy. If 
markets are competitive, the import licenses 
may be given to producers or to consumers 
without affecting the result, so long as a pro- 
portional distribution is employed. 

Where the underlying objective of trade 
restriction is to maintain a desired ratio of 
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imports to domestic production, a propor- 
tionally distributed quota is the optimum 
instrumen: to achieve that objective. In 
addition, the proportionally distributed quota 
is a practical means of implementing the ob- 
jective, since it can be put into effect without 
first estimating the supply and demand rela- 
tions, and does not require revision when 
changes in these relations occur.!? However, 
where a tariff or auctioned quota is replaced 
by a proportionally distributed quota, the 
government revenue thus lost must be re- 
laced through another tax. 
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Effective Protection and Decreasin g Returns to Scale 


By EITAN BERGLAS AND Assar Razin* 


The concept of effective protection was 
first developed in the context of a Leontief 
input-output economy. Only recently has the 
concept been -defined and applied to any 
constant-returns economy.! Jones and Mayer 
have analyzed effective protection in a gen- 
eral equilibrium model with two commodi- 
ties. They have shown that effective protec- 
tion, through its effects on the prices of pri- 
mary factors, will not necessarily increase 
the output of the protected industry.” 

In this paper, we analyze the effects of 
changes in effective protection in a partial 
equilibrium context. The partial equilibrium 
approach to effective protection requires de- 
creasing returns to scale. Otherwise, any in- 
crease in effective protection holding primary 
factor prices constant will result in an in- 
definite increase in.output.* The analysis of 
effective protection in industries with de- 
creasing returns to scale has been carried out 
mainly for the case of fixed imported-input 
coeffiicients.* The following analysis does not 
impose any restriction on the form of the 
production function. Elsewhere we have 
analyzed effective protection in a general 
equilibrium model with more goods than 
factors. The partial equilibrium analysis to 
be developed in this paper is preserved un- 
changed in our general equilibrium. model.§ 


* Department of economics and the Foerder Insti- 
tute, Tel-Aviv University. We should like to thank 
Elisha Pazner for helpful comments on an earlier draft. 
All remaining errors are, of course, our own responsi- 
bility. Partial financial support from the Peretz Naftali 
Fund is acknowledged. 

1 See Ronald Jones. For a similar analysis, see 
Wolfgang Mayer. 

2V. K. Ramaswami and T. M. Srinivasan first pro- 
duced an example of this paradoxical result. 

3 One seemingly exception to this statement is the 
case in which an industry is producing under constant 
returns to- scale, but some of the factors are specific to 
the industry and their quantities are fixed. It will 
become clear in the following analysis that this case is 
equivalent to the case of decreasing returns to scale 
analyzed in this paper. 

4 See, for example, Harry Johnson, ch. 14, 

6 See Berglas and Razin. Johnson, ch. 15, has ana- 
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Jones’ definition of effective protection 
holds for any constant returns to scale pro- 
duction function. We develop a method by 
which any decreasing returns production 
function can be transformed into a constant 
returns production function by an addition 
of a fictitious factor of production. Using this 
transformation, the extension of Jones’ defi- 
nition of effective protection to any decreas- 
ing returns production function is straight- 
forward.® 

In this paper we shall show that in the case 
of decreasing returns to scale, in a partial 
equilibrium context, effective protection may 


decrease the output of the protected industry. 


For this case to arise, there is no need to 
assume any extreme biases in substitution 
among factors of production. It is demon- 
strated that a decrease in production is 
possible even in the case where the produc- 
tion function is weakly separable between the 
imported input and primary factors.’ Since 
output may decline as a result of effective 
protection with decreasing returns to scale 
under fairly general situations, it seems that 
the case no longer deserves to be regarded as 
a paradox. 

Mordechai Kreinin, James Ramsey, and 
Jan Kmenta have recently analyzed effective 
pretection in the context of decreasing re- 
turns to scale. However, their analysis is 


lyzed a similar general equilibrium model, and con- 
cluded his analysis with the statement: “It may be that 
the prevailing mixture of general and partial analysis is 
the most reasonable approach for practica. economists 
interested in commercial questions” (p. 3&3). The fol- 
lowing analysis is, therefore, in the spirit of Johnson’s 
conclusion. 

€ This method, which is demonstrated to be useful in 
adapting available analysis for constant returns to 
scale to decreasing returns to scale in the case cf effec- 
tive protection, may prove to be useful in othe- cases. 

7 The case cf a separable production function is 
widely used by William Corden in the analysis of effec- 
tive protection. Within his model Jones shows that even 
in the separable case protection may lead to a fall in 
production. We show that the same result may happen 
in partial equilibrium analysis and provide the neces- 
sary condition for this possibility. 
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restricted to the case of CES production 
function with one imported good and one 
variable primary factor. In our paper, by 


THE AMERICAN ECONOMIC REVIEW 


introducing the fictitious factor of produc- ` 


tion, the analysis of effective protection is 
not restricted to any specific functional form 
of the production function, nor to one im- 
ported intermediate good and one variable 
primary factor. In their paper, Kreinin et. al. 
failed to distinguish between changes in value- 
added and changes in the price of value- 
added. In our paper, we introduce this dis- 
tinction; we also show ‘contrary to their 
‘result which is based on a nontraditional 
definition of effective protection), that 
changes in effective protection, defined as 
changes in the price of value-added, are 
always proportional to changes in the rent. 


I. Effective Protection for a Decreasing 
Returns Production Function 


In this section, we use Jones’ definition of 
effective protection—which was developed 
in the context of constant returns to scale— 
and apply it to a decreasing-returns-to-scale 
production function. 

Let X=F(K, L, M) be a decreasing-re- 
turns-to-scale production function of com- 
modity X in its three factors of production: 
capital (K), labor (L), and an imported in- 
termediate good (M). This production func- 
tion can then be transformed into a constant- 
returns-to-scale production function by add- 
ing a fictitious factor T as follows: 


(1) X = G(K, L, M, T) 


where G is linear homogeneous in K, L, M, 
and T. For convenience choose T= 1. Define 
G as 


meme 


K LM 
(2) G(K, L, M, T) = TE (Z Z ) 
T rT 


It can be easily checked that if we multi- 
ply K, L, M, and T by A>0, output will be 
raultiplied by à. Since T=1, it is obvious 
that F(K, L, M)=G(K, L, M, T) so that the 
addition of the factor T does not change the 
production relation between output X and 
the factors K, L, and M. Let the prices of 
X, K, L, and M be denoted by P, R, W, and 
Py, respectively. If all prices are given, the 


4 
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output and the quantities of the factors are 
determined. Denote the resulting rent by 
Pr. It is obvious that if the industry is faced 
with the same given prices P, R, W, Pm, 
and Py, erd the industry is restricted to the 
use of ore unit of T, the same output and 
quantities of factors will result. 

Using this transformation, it is straight- 
forward z0 apply the definitions of value- 
added and its price introduced by Jones to a 
decreasing-returns-to-scale production func- 
tion. We now define the value-added per unit 
of output as follows: 


(3) arW + agR + arPr 
(4) a,P, + @uPu 


where 2; is the input-output coefficient of 
factor i14=L, K, T, M), a, is the input- 
output coefficient of the value-added, and 
P, is its price. Following Jones’ analysis, the 
change in P, (which is the change in effective 
protection rate) is given by:§ 


. P—byP; 
(5) p25 
1 — Ox 


where X denotes dX /X and 6; is the distribu- 
tive share of input 7. 

Substituting equation (3) into (4), dif- 
ferentiatinz while holding W and R constant, 
and using the cost minimization property for 
linear homogeneous production function 


Orr + Oxdx + Omm + Ordr = 0 
we get 
(6) 


Furthermore, rewriting (6) using equation 
(5), we get 


(6’) Êr = ((1 — 05) /6r) P, 


8 This is equaticn (A.6’) in Jones. It must be empha- 
sized that this equation is valid for the general case of N 
primary factcrs end S imported factors—provided we 
redefine 


iFa 
P 


il 


Pr = (Ê — OP a1) /Or 


Grp = > Ex; and Py = 5 
iS 


where fx, and Psr; are the distributive share and the 
price of impcrted factor 2, respectively. Hereafter fxr 
and Py, will represent the composite intermediate good. 
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Thus, the rent always changes in the same 
direction as effective protection. Clearly,’ 
the rate of increase in the rent exceeds the 
rate of increase of P,. This result resembles 
Mayer’s conclusion that effective protection 
has a magnified effect on relative factor re- 
wards. 


II. Output Effect of Effective Protection 


In order to analyze the output effects, it is 
necessary to specify in greater detail the 
characteristics of the fictitious production 
function.?® Given fixed W and R, the input- 
output coefficients are functions of the rent 
and the price of the imported intermediate 
input. 


(7) a; = a:(Pr, Px) i= K, L, 1, M 


Since 7 =1 we have 

(8) arX = 1 
Differentiating (8) 

(9) Š = — ap(Pr, Pu) 


Denoting E;=(0ar/dP,)(P./ar), equation 
(9) can be rewritten as 


(10) X = — [EpPp + Ex Py] 
Substituting equation (6’) into (10) we get 


P 1—8 p F 
(11) X = — [w ErP, + BaPa 
T 


Although Er and Em represent the elasticities 
of the fictitious input-output coefficient ar, 
they necessarily have the familiar sign char- 
acteristics, namely, Er<O. and Ey=0, de- 
pending on whether the fictitious factor is a 
substitute or complement for the imported 
good. 


? Note that 1—6@s;=67-+-0,-+-0¢ 

Output effects are hereafter analyzed by the use 
of a production function. On the level of the industry, 
the analysis can be done in the following way: (a) If all 
firms are identical, the whole industry can be described 
by an aggregate production funczion. (b) If the indus- 
try consists of (identical) constant-returns-to-scale 
firms, but all use a factor which is specific to the indus- 
try, the same analysis applies. (c) If the industry con- 
sists of nonidentical firms, then the change in output of 
the industry is the sum of the changes of output of indi- 
vidual firms. 
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Equation (11) can be presented alterna- 
tively in terms of elasticity of substitution.?! 


a. 


(11) X= — [1 — @worrP, + OuoruP | 


It is straightforward to derive from equa- 
tion (11) two cases known from existing 
literature: (a) Æm=0; this will be the case if 
the imported intermediate good has a fixed 
input-output coefficient. (b) Py=0; this is 
the pure case in which effective protection Is 
a result of changes in tariff on the final prod- 
uct only. In these two cases we have the well- 
known result that effective protection will 
increase the output of X. However, this re- 
sult is not generally correct. 

We can now derive the necessary and suf- 
cient conditions for an increase in effective 
protection to result in a smaller output. From 
equation (11’) we get a necessary condition 
oruPy>0. Substituting equation (5) into 
equation (11’), using orr<0, we get the 
necessary and sufficient conditions for effec- 
tive protection to result in <0 as follows: 


(11") Ow Pu < Ê < OuPuy (: = cra) 


GTT 


Given inequality (11’’), it is necessary to dis- 
tinguish among three cases: 


Case a: Êm >0 (therefore P>0): In the 
case of ora >0O we have (1—erm/orr)>1, 
therefore inequality (11”) is nonempty. 


Case b: Py <0, P>0: The left-hand side 
of inequality (11) is redundant. From the 
right-hand side of the inequality in the case 
of orm “or, we have (1—eru/ orr) <0; 
therefore, the inequality (11”) is nonempty. 


Case c: Êw<0, P<0O: In the case of 
oru <0 we have (1—erm/err)<1, therefore 
inequality (11) is nonempty. 


We have shown that effective protection in the 
nonemply cases presented in a, b, and z will 
result in a decrease in output. 

The reader may suspect that paradoxical 
results occur only in the case of inferior in- 
puts.” However, this is not true. Inferiority 


u Observe that Er =0rerr and Ey = MOTM; where cij 
is the partial elasticity of substitution of 2 + for j, as 
defined in R. G. D. Allen, p. 504. 

2 See J. R. Hicks, p. 93. 
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of M is necessary only i in Case b. This can be 
seen most clearly in the case where P=0. 
Then we have a decline of output associated 
with a reduction of the price of Py which 
can occur if and only if M is an inferior 
factor. A fortiori, M is inferior if P>O, 
Py <0 and <O. In Case a; inferiority of 
the composite input of K and L is implied 
when P> Py, Using zero homogeneity in 
prices of profit maximizing output, this is 
equivalent to the case in which Py =0, 
W=R<0 and P>0. Since W=R, factors 
K and L can be regarded as a composite 
factor; thus, by the same reasoning as in 
Case b above, the composite factor must be 
inferior. j 

In Case a, when Py>P, and in Case C, 
input inferiority is not required. This can 
perhaps be seen most clearly in Case a, 
where the rise in marginal cost will exceed 
the rise in the price of the final product when 
effective protection is increased, so that out- 
put will decline. It must be emphasized that 
in these cases “paradoxical” results do not 
require extreme assumptions about substitu- 
tion between factors of production. We illus- 
trate this result for a decreasing-returns 
Cobb-Douglas production function.!4 


- III. The “Paradox” with a Separable 
Production Function: An Illustration 


Let X=F(K, L, M) = Kex LoL Mem 
where Dy:ai<l and a;>0 (i=K, L, M). 
Then 


G(K, L, M, T) = KOR Ler MMT 


where ar=1— J:a Under competition, 
the rent is equal to the marginal productivity 
of the fictitious factor T: 


P 
(12) ag— = Pr 


ar 
Substituting equations (6) and (12) into 


3 See Moses Syrquin, proposition 1. 

“4 The example of the Cobb-Dcuglas production func- 
tion, which is weakly separable between M and other 
inputs, demorstrates that in the case of decreasing 
returns separability does not insure that effective pro- 
tection will increase output. It may be recalled that 
separability was introduced as a sufficient condition for 
effective protection to result in increased output in the 
case of constant returns to scale. 
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equation (8) and differentiating, we get: 
(13) x= 
ar ar 


The necessary and sufficient condition for 
<0 and P,>0 is i 





i. Py T= 
Mar P ar 
and Py >0 


Observe that since ay<1—ar, it is neces- 
sary in this cese that Py>P. 


IV. Concluding Remarks 


We have shown that the standard measure 
of effective protection is a good predictor of 
changes in the rent of the decreasing returns 
industry. However, changes in output are 
not uniquely related to changes in this mea- 
sure.? Furthermore, increase in effective 
protection in many cases will lead to a de- 
cline in output. Ruling out the possibility of 
inferior inputs, production will expand when- 
ever the rate of increase in output price is 
greater than cr equal to the rate of increase 
of imported input price. 
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External Diseconomies in Competitive Supply: 


. Comment 


By GEORGE A. HAy AND Jonn J. McGowan* 


In a recent article in this Review, Charles 
Goetz and James Buchanan (G-B) assert 
tnat “*... the standard description of mis- 
allocation in the presence of external produc- 
tion diseconomies is misleading . . . ” because 
these externalities produce a “ .. . combina- 
tion of exchange-inefficiency with produc- 
tion-inefficiency [which] renders the con- 
struction of correction devices much more 
difficult” (p. 889). Stated otherwise their 
contenticn is that with external diseconomies 
that are internal to an industry, i.e., those 
that each firm in an industry inflicts on other 
firms in the same industry, a competitive 
regime in the presence of a per unit tax on 
output designed to eliminate the difference 
between private and social marginal cost will 
not achieve a Pareto optimum. The com- 
petitive equilibrium even after the imposi- 
tion of the corrective tax lies inside the 
production possibilities frontier.? 

The purpose of this note is to suggest that 
the G-B anzlysis while technically correct is 
based on a set of assumptions that differs in a 
particular aspect from what we believe to be 
the assumptions of the neoclassical paradigm. 
Moreover within the framework of the neo- 
classical model we show the standard pre- 


* Associate professors, Yale University. We are grate- 
ful to William Brainard, Joseph Stiglitz, and Martin 
Weitzman for helpful comments. 

1 As G-B point out, the issue involves technical rather 
than pecuniary externalities since it is well known that 
the latter czuse neither exchange nor production inefh- 
ciency. Moreover we assume G-B intended to restrict 
their analysis to external diseconomies in the produc- 
tion of a final (consumption) good rather than an inter- 
mediate good. We think it is clear that the neoclassical 
writers have recognized that external diseconomies in 
an intermediate goods industry would cause the un- 
regulated competitive equilibrium to lie inside the 
economy’s procuction possibilities frontier, since pro- 
ducers of fina] products would be led to choose inefficient 
input combinations. However even in this case the neo- 
classical writers, correctly. we believe, would claim that 
a simple Pigovian tax on the intermediate product in 
question would restore full Pareto optimality. 
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scription regarding a corrective tax to be 
correct. As it turns out, the difference be- 
tween the G-B model and the neoclassical 
model is l:kely to be negligible in any mean- 
ingful application but in any case we show 
that in the G-B model, a lump sum tax im- 
posed on top of the standard Pigovian per- 
unit tax wil restore full Pareto optimality. 

G-B assume that the tctal cost function of 
any firm Las the following specific functional 
form: 


(1) c= b+: + Ou: 


where g: is the firm’s ow: output, Q; is the 
aggregate output of all ofker firms in the in- 
dustry, anc where b>0 indicates the pres- 
ence of a technological external diseconomy. 
All firms gre assumed to have the same cost 
function. 

A general version of such a cost function is 
the follow:ng: 


(2) Ci = g(T/n, T) 


where c; is total costs for firm 7, T is total in- 
dustry output and » is the number of firms 
in the industry. Since all firms are assumed 
to have the same cost function, efficiency re- 
quires thet output be distributed evenly 
among them. Thus, with firms, each will 
produce T/a units.? 

Dropping the subscript 4, we can write 
total industry costs for any output T as: 


(3) TC = ne = ng(T/n, T) 


The firs: condition for Pareto optimality 
is that of production efficiency, ie., any 
output 7 should be produced at minimal 


a>i,b>0 


2 Near the end oi their paper, G-B generalize their 
original cost function in the form: f(T/n, T—T/n). 
Obviously, without further restrictions on g or f, the two 
are indistinguishakle. We use (2) because it highlights 
the key necclassical assumption more effectively, but 
the identical resu:t can be obtained using the G-B 
version. 
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total cost to society. The policy variable for 
the “social planner” is T/n, or since T is 
given, n. Thus we wish to minimize total in- 
dustry costs with respect to # for a given T. 
This requires: 


(4) pa ea 














ðc ðT/n ac OT 
(= ðn Eoo) 
= c + ng(— Tin”) 
=c — g:T/n = 0 
where gı = = 
oT /n 
F c 
©) ae Tin 


but c/(T/n) is average costs, AC, for each 
firm. Therefore, efficiency in production re- 
quires that production take place in each 
firm up to the point where g= AC. 

The second condition for Pareto opti- 
mality is efficiency in exchange. This in turn 
requires that total industry output be ex- 
panded to the point where price is equal to 
social marginal cost. The latter is defined by: 


ðTC dc OT/n ðc 
o Sean( +=) 
6T/n aT oT 


oT 
gı 
E n(= + e) 
n i 


= £1 + ng 








Thus the condition for exchange efficiency 
reduces to: 


(7) P= git ng 


On the other hand, profit maximization for 
the firm requires that production be ex- 
panded to the point where price equals pri- 
vate marginal cost, MC. The latter is de- 
fined by: 
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ðc ðc ðc OT 
(8) MC = — = ——. 
dg; ƏT/n ƏT dq; 
oT 
cage -+ g2 
Og: 





ôT 
= £1 + £ (since 7 = 1) 


z 


where we have used the q; term to indicate 
that the marginal cost for any one firm pro- 
ducing T/n is defined in terms of increasing 
only its own output, with all other firms con- 
tinuing to produce at T/n.® 

We assert that a key assumption of the 
neoclassical paradigm is that firms regard 
any increase in costs caused by the disecon- 
omy effect of higher industry output as an 
exogenous shift in their cost curves, unre- 
lated to changes in their own or industry 
output.4 This is equivalent to the assump- 
tion that firms perceive g, as equal to zero.® 

If this assumption about firms’ perception 
of ge is correct, the first condition for Pareto 
optimality will be fulfilled, since competitive 
equilibrium will be established where F= MC 
= AC, which reduces to gi=c/(T/m) as in 
(5). (Of course if ge is negligibly smell, the 
assumption is unimportant since we see 
from (8) that equilibrium output and the 
Pareto optimal output differ by the order of 
ge. Moreover as we shall see, there is strong 
reason to believe that ge will be negligibly 
small in meaningful applications.) 

To secure exchange efficiency, the neo- 
classical economists prescribed a per-unit 
tax on output. If that tax is set equal to ags, 


3 Implicit in (8) is the assumption that the disecon- 
omy effect is a function of total industry output inde- 
pendent of its distribution among firms. This assump- 
tion is not critical to the main results. We could have 
written (1) as cc=g(gi, gis, Q42 ->.> Qina). The 
first-order conditions would be more complex but their 
nature would not change. The G-B cost function does 
not assume that the diseconomy is independent of the 
distribution of total output but the nature of the 
required tax is unaffected by this asymmetry. 

4John Chipman in an elegant analysis of the neo- 
classical argument makes this assumption most explicit. 

ë The spirit of this assumption is identical to that 
under which a firm in perfect competition assumes that 
expansion of its own output will not affect marxet price. 
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we have as a condition for private profit 
maximizeticn: 


(9) P— ngo= gy 
' P = gy + ng as required by (7) 


Thus, under what we believe to be the as-: 


sumptions cf the neoclassical paradigm for 
external diseconomies, the prescription of a 
per-unit tax equal to the difference between 
private marginal cost and social marginal 
ccst Is the correct one and is sufficient to 
restore the economy to a Pareto optimal 
position, 

We note now that where z is large, as we 
would expect in perfect competition, ng can 
be significant even though ge is negligible. 
Moreover, if g ts not negligible, a tax equal to 
ng: would be so large as to probably require 
a complete shutdown of the industry, or at 
best an output so small that atomistic com- 
petition would not be feasible and a totally 
different set of controls would be required. 
Therefore, in any case in which the prescrip- 
tion of a Pigovian tax could be a feasible 
remedy, there is reason to believe that gz 
would in fact be negligibly small, and the 
neoclassical assumption would not be un- 
realistic. 

Despite the above, if firms do not ignore 
go, then each firm expands production to the 
point where P =g, +g, and the tax required 
to restore exchange efficiency is changed to 
(n—1)ge. In that event, the production eff- 
ciency condition will not be satisfied since 
then we will have: 


l C 
(10) P — (n — 1) ge = £1 + ge = T/n 


thus: 


c 
1i = e e o 
(11) BT, 8 
violating (5). 
This situation can be remedied, however, if 
we impose in addition to the per-unit tax, a 
lump sum tax equal to go: T/n. Doing so will 
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cause competitive equilibrium to be estab- 
lished where: 


c+ go T/n 
T/n 


resulting in g:=¢/(T/n) as required by (5). 
Thus if firms regard the level of disecon- 
omy as beyond their control, which we be- 
lieve is the assumption of the neoclassical 
paradigm, the Pigovian tax guarantees 
Pareto optimality. Where firms recognize the 
relation between industry output and their 
own costs, the competitive equilibrium with 
the Pigovian tax lies inside the production 
possibilities frontier by a factor of the order 
of ge which it seems reasonable to expect will 
be negligibly small when the number of firms 
is large. In anv case, full Pareto optimality 
can be restored by a lump sum tax on top of 
the Pigovian p2r-unit tax. 
_ Examination of the G-B model reveals 
that the orly important difference between it 
and the neoclassical model is precisely the 
assumption about ge. In the G-B model the 
diseconomy effzct of an increase in a firm’s 
output, (and therefore total industry output) 
on its own costs is blended into the cost func- 
tion along wita direct costs and both are 
assumed to be fully recognized by the frm 
in deciding how far to expand output. 

Thus G-B are correct in asserting that tn 
their mode! the competitive equilibrium, even 
with the Pigovian tax equal to the difference 
between private marginal cost and social 
marginal ccst, lies inside the production possi- 
bilities curve. What we have shown is that 
the remain:ng inefficiency should be negligi- 
ble. In any case we have also shown that a 
lump sum tax added to the per-unit tax will 
be sufficien- žo restore full Pareto optimality. 
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External Diseconomies in Competitive Supply: Comment 


By ALAN NicHoxs* 


Recently in this Review, Charles Goetz and 
James Buchanan advanced the proposition 
that output-generated external diseconomies 
may be associated with a production possi- 
bilities curve internal to an attainable curve 
and that under competition it would be the 
former on which equilibrium would occur. 
This in turn they take to imply that the con- 
ventional tax-bounty analysis offers, in gen- 
eral, an incorrect remedy in that it applies to 
the wrong production possibilities curve. 

The present discussion does not deny that 
the results indicated by Goetz and Buchanan 
occur, as they too note, in the context of 
imput-generated external diseconomies nor 
that their results may be conceivable in the 
context of output generated external dis- 
economies.1 We do however deny that the 
analytical structure they offer in support of 
their conclusion is admissible. 

The analytical case Goetz and Buchanan 
make is, in terms of Dean Worcester’s classi- 
fication, that of “Externalities which are in- 
ternal to a specific industry” (p. 884). They 
employ the crucial specification, on which 
their results turn, that the costs of each firm 
(where firms are identical) depend on a func- 
tion which includes the output of other firms, 
as distinct from total industry output, as an 
argument. Where ci, qi, Q: are, respectively, 
firm total cost, firm total output, and output 
of all other firms corresponding to any par- 
ticular firm, 7, we have 


(1) ci = fgs, Qs) 


For full competitive equilibrium the mc= ac 
condition requires 


(2) Ci/qi = Of/0Q: 


Holding industry output, T, constant we 
have the number of firms, n, as 


* Professor of economics, Central Michigan Univer- 
sity. 

1 To say that they may be conceivable is not the same 
as saying that we can conceive of them. See reference in 
fn. 2, below. i 
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(3) n = T/g 
and 
(4) Q=(T- q) 


Efficient production, subject to the industry 
output constraint and the particular specifi- 
cation that Q is output only of other firms, 
requires 


(5) cij qi = Of/0q; — af/3Q 


Thus the output of each firm should exceed 
that attained under competition or, in other 
words, for given industry output there should 
be fewer firms and each should be larger. 
From this it follows that, since firms aze too 
small, the industry is operating below an 
attainable production . possibilities curve; 
hence the Goetz and Buchanan conclusions. 

To evaluate the Goetz and Buchanan 
analysis it is necessary first to note that a 
minuscule change in specification eliminates 
their conclusions. Thus rewrite (1) as 


(6) ci = f(g, Q + qi) 


and the constraint that T is a constant now 
produces conventional results, not those 
they identify. With total industry output the 
source of external diseconomies we no longer 
have the curious economies of scale that are 
implicit in their specification. Since it was 
the failure to realize these scale economies 
that presented the interior production possi- 
bilities curve in the first place, it is, in turn, 
not surprising that they find that “... any 
attempt to impose a per unit corrective tax 
on the output of firms in the industry will 
fail” (p. 888). Here their problem is not that 
of external output diseconomies; it Is that 
the firms are too small. Meanwhile the fact 
that there are external output diseconomies 
is a priori neither here nor there for firm size, 
nor is firm size a priori relevant to external 
output diseconomies. It is only the “other 
firm” specification that makes it so. 

One might ask is there any advantage in 
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associating external output diseconomies in- 
ternal to an industry only with output of 
other firms, apart from the advantage of be- 
ing totally literal? The literature, to our 
knowledge, discloses no example.? The com- 
mon oil pool case clearly includes the firm’s 
own output summed with the output of other 
firms. But our failure to conceive of an ex- 
ample need hardly be convincing of the 
unreality cf the case. What may be more 
convincing are the very curious and quite 
specific implications of the other firms analy- 
sis. As noted, the Goetz and Buchanan firm 
economies are not ordinary economies of 
scale. They are not present because a firm is 
larger. They are not even present because a 
firm is larger relative to other firms singly 
considered. They only become present be- 
cause a firm is larger relative to all other firms 
together. Formally, where industry output 
is a variable and where we continue to treat 
all firms as identical we note that these 
“economies of scale” would occur whenever 
the percentage increase in output per firm 
is less than the percentage decrease in the 
number of firms. Diseconomies of scale would 
occur wher. the inequality is reversed. We 
find it hard to believe that there is even any 
point in trying to fill such an economic box.’ 


2 A very convenient survey isin Mark Blaug’s discus- 
sion. 

3 Tf Goetz and Buchanan simply wanted to say that, 
entirely apart from output generated external dis- 
economies, it is possible that firm size might be sub- 
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What is to be said about the introduction 
of a construct which is unnecessary in ex- 
plaining, the phenomenon with which it 
deals; which has bizarre and implausible 
implications; which creates havoc in the 
analysis of widely accepted policy remedies; 
and, finally, which is associated with no 
support other than that which comes from 
the fact that it has been algebraically speci- 
fied? We-submit that such a construct should 
be rejected out of hand. What is novel in 
Goetz and Euchanan, unfortunately, goes 
with it. : 
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optimal unde: competition, we would concede that this 
could be the case and that increases in output need not 
provide a remedy. But then they would have been say- 
ing nothing abort output generated external disecon- 
omies, the primery subject of their enquiry. Instead 
they have-slipped in, without comment, a particular 
algebraic artifice which definitienally links firm size and 
output generated external diseconomies; they do not 
trouble us with either an empirical or an intuitive link- 
age. All of this despite the fact the tiniest of changes in 
their definition eliminates their results altogether. 


External Diseconomies in Competitive Supply: 


i 


In a recent article in this Revtew, Charles 
Goetz and James Buchanan argued that 
‘“ ... familiar descriptions of the nonopti- 
mality properties of competition in the 
presence of technological external disecono- 
mies are misleading in that they focus exclu- 
sively on exchange inefficiency and neglect 
production inefficiency” (p. 883). With. re- 
spect to production inefficiency caused by 
output-generated diseconomies they con- 
clude: “Any fully corrective tax must be 
more complex than has been realized, since 
not only marginal cost but also the firm’s 
perception of the shape of its average cost 
curve must be modified” (p. 888). The pur- 
poses of this comment are: 1) to reveal the 
implicit assumption on which this result of 
Goetz and Buchanan is based; and 2) to 
show that a more appealing assumption im- 
plies the absence under perfect competition 
of production inefficiency due to output- 
generated diseconomies. 

Goetz and Buchanan (hereafter, G-B) as- 
sume an economy comprised of competitive 
industries. In one industry the (identical) 
constitutent firms reciprocally impose out- 
put-generated technological external disecon- 
omies that are assumed to be“... contained 
within a well-defined industry category” 
(p. 883).1 For each of these firms the total 
cost function is written (p. 888): 


(1) ci = (gi, Qi) 


where c; is the total cost of the ith firm, ex- 
pressed in units of homogeneous input; q; is 
the output of the ith firm; and Q,, the dis- 
economy argument (déf/d0;>0), is the total 
output of all other firms in the industry. 
According to G-B long-run competitive 
equilibrium obtains with (p. 888): 

* Professor of economics, University of Missouri- 
Kansas City. 

1 This assumption eliminates the possibility of pure 
exchange inefficiency because all diseconomies (social 
costs) are internal to the industry and therefore do not 


distort commodity price ratios away from ratios of 
social costs. 


Comment 
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(2) 
di 


That is, with each firm’s ceteris paribus long- 
run average cost equal to its ceteris paribus 
long-run marginal cost. Evidently G-B sup- 
pose that the competitive firm behaves as if 
it believed that its output decisions left 
other firms’ outputs unaltered. But this re- 
quires that each of the firms ignores repeated 
observations to the contrary, which is a scien- 
tifically unappealing assumption. 

The basic reasoning to be applied here was 
first worked out many years ago by Joan 
Robinson. The sine qua non for a perfectly 
competitive industry is that each constituent 
firm faces a demand curve of sufficiently 
great elasticity that it differs negligibly from 
a horizontal demand curve. It follows that if 
the continuous, negatively sloped market 
demand curve facing the competitive indus- 
try is to be taken seriously, as it is in the- 
oretical formulations, it must be assumed 
that market output is negligibly affected by 
anv one firm’s output decisions. And this 
condition is fulfilled precisely to the extent 
that an autonomous change in the output of 
one firm automatically elicits a countervail- 
ing change in the output of the other firms in 
the industry. l 

For any given market demand curve this 
countervailing reaction is increased as the 
number of firms increases and the slepe of 
the firms’ marginal cost curves decreases. In 
addition to the ith firm let there be n (identi- 
cal) firms in the industry. Then: 


(3) Q: = Dg = ng 


j=l 


If the ith firm changes output, market price 
(P) changes inversely and the induced change 
in output by the other n firms will be: 


dq; 
eee, 


6) dP 


743. 
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Evidently the absolute value of this product 
will increase with the number of firms (n) 
and the reciprocal of the slope of the marginal 
cost curves (dq;/dP). Alternatively put, the 
greater the number of firms, and the less 
steep are their marginal cost curves, the 
greater is the induced countervailing change 
in output and the less will market price be 
affected by an autonomous change in output 
by the sth firm.? The perfectly competitive 
firm, precisely to the extent that it is per- 
fectly competitive, will affect the output of 
other firms in the industry. Unless we assume 
that entrepreneurs are obtuse, we must sup- 
pose that they will become aware of this 
reaction, In which case the compétitive 
equilibrium described by G-B is invalid.® 

If we restate the G-B model without entre- 
preneurial obtuseness we note: 


(5) Q: = 0,[P(q,)] 


Therefore: 


de; of — af (22 7 


dq: ~ Og: 00; dP dq; 


As the competitive industry approaches per- 
fection the bracketed expression on the 
right-hand side of (6) approaches —1 and 
(6) approaches: 














(6) 





(6a) siege i ae 


*Tt is perplexing that textbooks fail to explain this 
fundamental soint. The usual textbook formulation 
should leave readers asking why an increase in output 
by the competitive firm does not affect price perceptibly 
whereas that same increment in the same market would 
supposedly affect price perceptibly if provided by a 
monopolist. 

3 The competitive equilibrium described by G-B, 
shown at £** in their Figure 2, p. 886, and at e; in their 
Figure 3, p. 887, is unstable. Suppose that all entrepre- 
neurs are obtuse and therefore fail to recognize the con- 
nection between the output of one firm and the output 
of other firms in the industry. Any unplanned change in 
output of any firm will disturb the competitive equi- 
librium and market forces will not be generated to 
restore it. Inszead, the market reactions discussed in 
the text above will work to move the firm along éé in 
G-B’s Figure 3. 
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In the limiting case, then, 
equilibrium cbtains with: 


competitive 





(7) —=—- 


for each orm, which is.the social (production) 
optimum. described by G-B, p. 888.4 Speaking 
in terms of G-B’s Figure 3, p. 887, each firm 
located at e; will see what appears to be the 
opportunity Zor profitable expansion. As all 
firms expand simultaneously market price 
falls anc market quantity demanded in- 


. creases. The expanding firms reciprocally 


inflict acditional diseconomies, ‘which shift 
the ač and mc curves upward. Competitive 
equilibrium obtains with the now larger firms 
each producing at minimum unit cost (é’) 
with e;>é >é. In this situation there is no 
socially cheaper way to produce the current 
industry output. Production inefficiency 
caused by an output-generated external dis- 
economy is automatically eliminated by the 
perfectly competitive market. 

In sum, if the externality is output-gen- 
erated economists can continue to use the 
familiar descriptions of the nonoptimality 
properties of competition in the presence of 
technological external diseconomies without 
being misled, and they can continue to rec- 
ommend the standard Pigovian corrective 
without misleading others.* 
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External Diseconomies in Competitive Supply: Reply 


By CHARLES J. GOETZ AND James M. BucHANAN* 


The many comments stimulated by our 
recent paper call into question its concluding 
assertion that “‘no real paradigm has existed 
in this area of the theory of competitive sup- 
ply.” Several critics allege that our conclu- 
sions as to the existence of “production ineft- 
ciencies as well as exchange inefficiencies” 
depend on a particular form of the firm’s cost 
function. An alternative form, said to be 
more in keeping with the standard assump- 
tions of competitive theory, is shown to 
restore the orthodox analysis in its pristine 
purity and simplicity, including its implica- 
tions for the efficacy of Pigovian corrective 
taxes. While we concede that the critics’ 
specification of the cost function does rescue 
the orthodox analysis, we dispute whether 
their formulation more nearly reflects the 
traditional behavioral assumptions of com- 
petitive theory. Indeed, while legitimate 
argument on the point may exist, we con- 
tinue to feel that our own formulation em- 
bodies the traditional assumptions. In any 
event, we are unconvinced that the alterna- 
tive premise should be favored simply be- 
cause it restores the neatness of the Pigovian 
prescriptions. The real issue is which of the 
formulations more accurately captures the 
behavioral rule followed by competitive deci- 
sion makers. 


I. What is Parametric in Competitive Theory? 


We and our critics can probably agree that 
the essential notion of competition is that all 
decision makers are “price takers,” regard- 
ing themselves as unable to affect price by 
their own quantity adjustments. An alterna- 
tive expression of this notion is that competi- 
tive behavior is parametric, taking certain 
variables as behavioral constants which are 
part of an exogenously fixed “state of na- 
ture.” The dispute arises over precisely what 
variables in addition to price are to be in- 
cluded in the set of fixed parameters. We, for 


* Virginia Polytechnic Institute and State University. 
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instance, include the production of other 
firms, Q;, as part of the state of nature faced 
by the decentralized decision maker, firm 1. 
The opposing school is troubled Ey one of 
the logical lacunae of competitive theory 
which arises when we express price as a func- 
tion of total supply T 


p= D(T) = DQ: + 4) 


where the ith firm’s own product g; is al- 
lowed to influence T and 0~/0q; cannot be 
taken as mathematically equal to zero. 
One seemingly appealing way cut cf the 
mathematical bind is then to assume, as do 
our critics, that dT /dg; must be zero, that 
external production adjusts to the ith firm’s 
production q; in a counterbalancing manner: 


Q=T- qi 


In production theory, there is even an ap- 
parently plausible rationalization of this as- 
sumption since such adjustment may indeed 
be expected to occur 1) in the long run, and 
2) provided that the industry also faces con- 
stant factor costs. However, the imposition 
of that latter proviso should suggest to the 
strict mathematical logician that the price- 
constancy paradox has merely been swept 
further under the rug, into input markets. 
These difficulties in competitive theary are 
rendered more emphatic by noting that the 
analogous problem exists in demand theory. 
Here, one considers the impact of a single 
competitive buyer on a good whose supply 
can, for simplicity, be assumed to be fixed. 
In the demand model, there is certainly no 
rationale at all for assuming that other con- 
sumers will make exactly counterbalancing 
adjustments in their bids in order to preserve 


1 On the assumption of U-shaped average cost curves, 
a change in the distribution of production amcng firms 
will affect the total input requirements for a given out- 
put. Changes in factor prices will then be transmitted to 
firms’ cost curve. In general, the original industry out- 
put equilibrium would then be disturbed. 
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\ 
price constancy as a single buyer alters his 
own bids. Mathematically, the single buyer 
does have an impact on price. 
The point of this discussion is that some 
economists regard the fixity of aggregate 


supply assumption as a necessary implicit 


corollary ol price-taking behavior. However, 
as we view it, this fixity assumption is not 
only not necessary, but does not even fully 
satisfy the apparent logical demands out of 
which it purports inexorably to emerge. If 
the insoluble logical paradoxes presented in 
the strict mathematical model are regarded 
in less purist fashion, our interpretation of 
the competitive assumption as a behavioral 
rule-of-thumb offers considerable appeal. On 
this assumption, the competitive decision 
maker controls only his own personal activity 
variables and regards all cther-variables, in- 
cluding output of competitors, as part of a 
state of nature over which he exercises no 
control. Our so-called ceteris paribus cost 
functions reflect this conceptualization of 
competitive behavior, one which is certainly 


a defensible characterization of the neoclassi- 


cal competitive model and which we find 
more descriptive than the suggested alterna- 
tive. . 


II. Related Issues 


Quite apart from the question of what 
should be parametric in competitive cost 
functions, some critics feel that our formula- 
tion does not correspond to the traditional 
notion of industry externalities as being de- 
pendent cn total industry output rather than 
on merely the “external” element consisting 
of other firm’s output. There is really no 
problem hers if it is recognized that our as- 


sumption about the single-firm production ` 


function does imply an aggregate industry 
production function in which external costs 
‘are determined by total industry output. 
However, our particular formulation was also 
specifically aimed at raising an additional 


2 Our position seems to be supported by Lester Telser 
who rejects-the price-output constancy definition of 
competition: “A. better definition is that firms act inde- 
pendently. This is the notion given precision by the 
Cournot-Nash model” (p. 276). 


Le 
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question as to whether the behavioral situa- 
tion of the competitive cecision maker does 
not render the distributicn of output among 


firms inefficient. The neoclassical price theory 


literature was apparently not concerned with 
this question and did not precisely define the 
point at issue here. Hence it would be dift- 
cult to adduce evidence from the literature as 
to which of the alternative formulations was 
intended.. For instance, we fail to see any 
necessary Incompatability between our own 
model and the standard examples such as the 
oil pool cese.* The moderr. reader should find 
this ambiguity in the literature unsurprising 
and judge the alternative conceptions on 
their own merits. ; 

Our own position would, in any event, at- 
tach relatively little empirical importance to 
what we term the strict “output-generated” 
externalities customarily ciscussed under the 
term ‘‘industy-7 diseconomies of scale.” Quite 
clearly, most of the real world examples are 
input-generated and the simplistic Pigovian 
output tax is of little practical interest. Our 
original theoretical argument was developed 
in the course of a methodological exploration 
of whether tke average cost conditions of 
competitive equilibrium gose any problems 
within an’ externalities model. The output- 
generated case was simply the most straight- 
forward model in which to argue that they do. 

Nevertheless, the present argument about 
the prope: sp2cification of behavioral pa- 
rameters also Las implications for the input- 
generated: case. Although we discussed the 
input-generated case briefly, a more exten- 
sive development of essentially the same 


‘point was published almost simultaneously 


by Laurence Schall. Schall’s piece does not 
consider averaze cost corditions explicitly 
and leaves the impression that the produc- 
tion inefficiency effect of an externality-gen- 
erating input may be absent when all firms 
are identical and the marginal effects are, 


3 In this case, our model predicts two separate effects: 
Too much pumping effort will be undertaken and too 
much oil pumped aut of the common pool. In addition, 
however, there will also tend to be too many separate 
wells drilled. For ary given amourt of oil pumped, costs 
per barrel could be reduced by reducing the number of 
holes. 
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consequently, mutually offsetting. Albeit the 
identical firms assumption is itself a special 
case, discussions of the competitive model 
are frequently framed in these terms. What, 
then, do average cost conditions suggest as a 
qualification of Schall’s conclusion? 

If, as our critics allege, competitive firms 
should properly be conceived of as regarding 
total industry output as 2 parameter, then 
Schall’s conclusion requires no qualification. 
However, if the input-generated case is re- 
formulated analogously to our output-gen- 
erated case, it can be shown that even identi- 
cal firms do not achieve production efficiency 
under the postulated conditions. The nature 
of the inefficiency cannot, of course, be stated 
in terms of firm size in this case. Hence, the 
basic methodological controversy under dis- 
cussion here does generalize to what may be 
regarded as more plausible cases of produc- 
tion externalities. 

This may also be an appropriate oppor- 
tunity to make two points which have been 
the subject of some misunderstanding. Noth- 
ing in our analysis suggested that a Pigovian 
tax could not be used to tmprove resource 
allocation. Also, although our Figures 2-3 
were generated from an explicit production 
function, and therefore represent conceivable 
results, we make no claims for the empirical 
magnitude of the inefficiency effect demon- 
strated in our theoretical model. 

The comment by George Hay and John 
McGowan does raise a further theoretical 
issue which touches upon the magnitude of 
the inefficiency implied when the Goetz- 
Buchanan formulation is employed. This 
inefficiency depends on the firm’s perception 
of the extent to which its own costs are influ- 
enced by changes in industry output, the 
relevant derivative being denoted as ge in the 
Hay-McGowan terminology, They first ar- 
gue that g must be negligably small because, 
otherwise, the appropriate firm corrective 
tax of ng} would either require a complete 
shutdown of the industry or permit a number 
of firms so small that the competitive as- 
sumptions would be violated. Then, they 
point out that the difference between the 
efficient single-firm solution and the inefi- 


GOETZ AND BUCHANAN: EXTERNAL DISECONOMIES 747 


cient one varies with the order of g, The 
implication is that the inefficiency noted in 
our original price is not, in any event, any- 
thing to worry about. (A somewhet bizarre 
result to emerge from defenders of Pigovian 
orthodoxy.) It seems to us that, on this 
point, our critics are confused between the 
absolute value of an excess social cost and the 
ratio of the excess social cost to efficient so- 


cial cost. 


Consider a simple example. There are 1000 
firms producing whizbangs under conditions 
of output-generated external diseconomies, 
Suppose we know that the incremental costs 
analogous to g for a one-unit increase in in- 
dustry output T are 1¢. Then the corrective 
tax is $10 per unit. In order to believe that — 
go “must” be small, one should be willing to 
believe that any such industry which pays 
taxes of $10 per unit, is either (a) eliminated 
or (b) reduced to a very small number of 
firms. Clearly, this argument is not a flausi- 
ble generalization. As to the percentage cost 
inefficiency generated, one may well suspect, 
based on the 1¢ figure, that it is small. How- 
ever, when industry output T is large, the 
absolute magnitude of the excess resource 
cost may nonetheless be very substantial 
because a small excess cost per unit must be 
multiplied by the appropriate output figure. 
In sum, we do not agree that theoretical con- 
siderations permit one to assert a priori that 
the Goetz-Buchanan type of production in- 
eficiency is negligibly small, even though we 
are similarly unwilling to make the converse 
assertion that the impact is empirically large. 


III. Concluding Remarks 


Science advances by attacks on its ortho- 
doxy and there is an important role to be 
played by the conservative defenders of the 
faith. If it is not too gross a misplaced meta- 
phor, we would nevertheless suggest that the 
selection of a behavioral premise cn the basis 
of whether it justifies widely held analytical 
conclusions is a case of letting the teil wag 
the dog, Which analysis should be labelled 
“inadmissible” or “an empty box” depends 
on how one resolves an ambiguous behavioral 
aspect of the competitive model. Our concep- 


Bond Price Volatility and Term to Maturity: 
A Generalized Respecification 


By MICHAEL H. HOPEWELL AND GEORGE G. KAUFMAN” 


One of the more common and accepted 
generalizations in the mathematics of bond 
prices is that “...for a given change in 
yields, the fluctuations in market price will 
be greater the longer the term to maturity” 
(W. C. Freund, p. 51). Similar statements 
may be found in almost every book discus- 
sing the mechanics of bond prices.! This 
paper demonstrates that this proposition 
does not hold in all cases, and we derive the 
general relationship. 

In his important book on the term struc- 
ture, Burton Malkiel specifies the above rela- 
tionship between bond prices and maturity 
as the second of his five general theorems: 


For a given change in yield from the 
nominal yield, changes in bond prices 
are greater, the longer the term to 
maturity. [p. 54] 


However, shortly afterwards he notes: 


This theorem is not generally true 
when yield changes are measured from 
a base other than the nominal yield. In 
particular, when bonds are selling at a 
discount... it is possible to find cases 
where longer-term securities are actu- 
allv less sensitive to a given change in 
market interest rates than are shorter 
issues. [p. 55] 


Malkiel does not consider this point to have 
much “practical importance” and does not 
explore the reasons for its existence. More- 
over, it does not prevent him from proceeding 
to this third theorem: 


The percentage price changes de- 
scribed in Theorem 2 increase at a di- 


* University of Oregon. We are indebted to our col- 
league, G. O. Bierwag, for helpful comments through- 
out the development of this paper. 

1 For example, Sergei Dobrovolsky, p. 309; Reuben 
‘Kessel, p. 45; Henry Latané and Donald Tuttle, p. 472; 
Harry Sauvain, pp. 169-73; James Van Horne, p. 76; 
G. Walter Woodworth, p. 191. 
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minishing rate as N (maturity) in- 
creases. [p. 55] 


However, the high market rates of interest 
in recent years have given greater practical 
importance to the inverse relationship be- 
tween term to maturity and change in bond 
price. In a recent book directed at portfolio 
managers, Sidney Homer and Martin Leibo- 
witz demonstrate this phenomenon numeri- 
cally for hypothetical bonds. They show that 
when market interest yields are reduced by 
25 percent from 9.5 percent to 7.1 percent, 
“|, 20-year 1’s, 2’s, 3’s, and 4’s (coupons) 
are more volatile than 30-year 9’s” (p. 52). 
The authors find no easy answer fer this 
“puzzling” behavior and conclude that 
“.. the volatility of any conventional high- 
grade bond results from the interaction of 
three factors: maturity, coupon, and the 
starting level of yields” (p. 51). 

The apparent inability of analysts to ex- 
plain this unusual bond price pattern reflects 
an incomplete understanding of the mathe- 
matics of bond prices. While price volatility 
is related to the time structure of a bond, it is 
not mathematically related to term to ma- 
turity in any simple way. Rather, it 1s pro- 
portionately related to the duration of the 
bond.? The general theorem may be stated: 

For a given basis point change in market 
yield, percentage changes in bond prices vary 
proportionately with duration and are greater, 
the greater the duration of the bond. 


The validity of this statement for all bonds 


2 This relationship is implicit in Macaulay’s analysis 
of short- and long-term interest rates but is not rigo- 
rously developed. The theorem also lurks in the back- 
ground in a number of other discussions of bond prices, 
but, to our best knowledge, has never been stated - 
explicitly. For example, the three elements comprising 
the definition of duration are all identified by Homer 
and Leibowitz as affecting bond price volatility but are 
not put together. Macaulay, pp. 50-51, 61-62; Homer 
and Leibowitz, pp. 50-53. 
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is demonstrated below. It will also be demon- 
strated tha: this proposition underlies Mal- 
kiel’s third theorem and that this theorem, 
like his second theorem, represents a special 
case that applies only to coupon bonds that 
sell at or above their par value, and to zero 
coupon Fonds. 

Duration is a concept first introduced by 
Frederick Macaulay to provide more com- 
plete summary information about the time 
structure of a bond than term to maturity. 
Maturity provides information only about 
the date of final payment. However, nonzero 
coupon bonds generate regularly scheduled 
payments before maturity. Thus, maturity 
provides an incomplete description of the 
time pattern of all the payments of a bond. 
The longer the term to maturity, the higher 
the coupon rate, or the higher the market 
yield, the more important are the coupon 
payments relative to the maturity payment. 
Duration views a conventional nonzero cou- 
pon bond as a zero coupon serial bond with 
ccnsecutive maturity payments equal to the 
caupon payments plus a larger payment at 
final maturity. It thus considers all pay- 
ments generated by a bond. Duration is de- 
fined as: 


3 (Còt An 
G) D= ALA U+r,)* 
> Ct 4 A 
tı Ley (1 + ra)” 
where 
D= Duration 


C= Dollar value of coupon payment 

A = Dollar value of maturity payment 
t= Period in which payment is made 
r= Interest rate applicable for period t 
n= Maturity period 


This formulation is seen to be an ordinary 
weighted average of the time periods in 
which payments are to be made. Each period 


8 Macaulay, pp. 45-53. A brief history of duration is 
traced by Fisher and Weil, pp. 415-16. Although not 
cited by these authors, J. R. Hicks independently of 
Macaulay appears to have developed the concept of 
duration, which he refers to as “average period” (p. 
186). 
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is welghted by the present value of the cor- 
responding payment or price of the maturing 
serial bond. That is, duration identifies the 
length of zime from the present at which the 
bond gensrates the average present value 
dollar. This period may be considered the 
average life of the bond. It is equal to the 
maturity of a single payment zero coupon 
bond selling at the same market price as the 
coupon bond, generating the same yield, 
and having a >ar value equal to the sum of 
the total payments generated by the bond 
when all coupcns are reinvested to maturity. 

For zero coupon bonds, duration is equal 
to maturity. Fer all other bonds, duration is 
shorter than maturity. However, the rela- 
tionship bezween duration and maturity is 
non-linear and complex. For bonds priced at 
or above par, duration increases monotoni- 
cally with maturity but at a decreasing rate. 
This explains bath the much publicized direct 
relation Det ween price volatility and term to 
maturity cited 2arlier and Malkiel’s Theorem 
3. For discount bonds, the relationship is 
more complex. Duration increases with ma- 
turity to a point before perpetuity, peaks at 
that point, and subsequently declines.‘ For 
all bonds, differences between duration and 
maturity are small for short maturities but 
increase a3 maturity increases. Lawrence 
Fisher anc Raman Weil note that for all 
bonds durétion is bounded at perpetuity by 
(r+ )/rp, where x is the yield to maturity 
and p is the number of times per year inter- 


4 For discovnt berds, duration achieves its maximum 
when 


1 r r—c 
er(1 + r)” 


where r=interest yield to maturity, c=coupon rate, 
n=term to maturizy, and declines when term to ma- 
turity is larger than the value of the right side of the 
expression. The first three terms of this equation are 
equivalent to tte expression developed by Macaulay as 
an, approximation sf the term to maturity at which 
duration is at a maximum and no longer increases with 
increases in term tc maturity. The complete expression 
was derived ty G. 0. Bierwag and may be obtained 
from the authors on request. As n approaches infinity, 
the final term apprcaches zero and Macaulay’s approxi- 
mation is obtained. See Macaulay, p. 50n. The possi- 
bility that the duracion of discount bonds can be in- 
versely relacec to maturity appeers to have been over- 
looked by Malkiel, p. 57. 
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TABLE 1—DURATION OF SELECTED BONDS 
AT MARKET YIELD OF 5 PERCENT 


Coupon Rates 
Yearsto =... 
Maturity .02 .04 .06 08 
Years 
Í 0.995 0.990 0.985 0.981 
5 4.756 4.558 4.393 4.254 
10 8.891 8.169 7.662 7.286 
20 14.981 12.980 11.904 11.232 
50 19.452 17.129 16.273 15.829 
190 17.567 17.232 17.120 17.064 
00 17.167 17.167 17.167 17.167 


a Coupon payments and compounding semi-annually. 
Source: Fisher and Weil, p. 418. 


est is paid and compounded (p. 418). For 
par and premium bonds, this boundary 
value represents maximum duration; for 
discount bonds it is less than maximum 
duration. Examples of the relationship be- 
tween duration, maturity, market yield, and 
coupon rate are shown in Table 1 developed 
by Fisher and Weil. Long-term bonds are 
seen not to be as long as they may appear. 

Duration varies inversely with the coupon 
interest rate. A 50-year 8 percent coupon 
bond yielding 6 percent is seen from Table 1 
to have approximately the same duration as 
a 20-year 2 percent coupon bond yielding 6 
percent. Fisher and Weil proceed to demon- 
strate the usefulness of duration in optimiz- 
ing bond portfolio strategy. 

The unique role of duration in relating 
changes in bond price to changes in interest 
yields may be derived by computing the dif- 
ferential of bond price with respect to inter- 
est rate.5 The price of a bond (P) is equal to 
the sum of the present values of the stream 
of coupon payments and of the final payment 
at maturity. 


2 Ci A 
2 P= ——— + SURITEEET en 
a 2 TF (En 
Taking the differential: 

R —(C,)t An | 
3) dP = ———_—_—_—_—_ — 
@) ap =| È On - 


6 Other properties of duration are described by 
William Brock and Roman Weil, and Myron Grove. 
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Factoring —1/(1+7) irom both terms in the 
bracket: 











a. (Còt =m dr 


AE --| È Ain aT 


If all coupon payments are discounted by the 
yield to maturity, the term in brackets is 
equivalent to the numerator in the definition 
of duration specified in equation (1). The 
denominator of equation (1) is equivalent to 
the definition of bond price specified in equa- 
tion (2). Substituting from equations (2) 
and (4) into equation (1) yields: 


E a e 

and solving for dP/P. 

G Zepp 
P (1 +r) 


For continuous discounting, 7 approaches 0 
and equation (6) reduces to:§ 


dP 
(7) — = — Ddr 
P 


Equations (6) and (7) confirm the general 
theorem stated earlier. For a given change in 
interest rates, percentage changes in bond 
prices vary proportionately with duraticn. 
The maximum change in price occurs when 
the duration is at a maximum. It follows that 
the relationship between changes in bond 
prices and term to maturity depends on the 
relationship between duration and maturity. 
If, as maturity increases, duration also in- 
creases, the magnitude of the price change 
increases although at a declining rate. If, as 
maturity increases, duration decreases, the 
magnitude of price changes alsc declines.’ 


3 These solutions were derived in a different context 
by Fisher, pp. 113-14. 

? For example, i in his appendix to ch. 3, Malkiel con- 
siders a series of hypothetical 2 percent coupon bonds 
with maturities ranging irom one year to perpetuity. 
He observes that when the market yield is increased 
from 5.40 to 5.50 percent, the maximum percentage 
decline in price occurs for a bond with 50 years to ma- 
turity. From equation (1), this is also computed ta be 
the approximate maturity of the bond possessing the 
maximum duration. Both duration and the magnitude 
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As the relationship between maturity and 
duration is complex, the relationship between 
maturity and bond price volatility is also 
complex. 

The linear mathematical dependency of 
bond prices on duration and not on maturity 
has a number of important practical impli- 
cations for the analysis of interest rate be- 
havior. For example, it may be more useful 
to derive yield curves with respect to dura- 
tion than to maturity.® In recent years, this 
would show longer maturity Treasury secur- 
ities to have approximately similar average 
lives but greatly different before-or after-tax 
yields. Likewise, it may be necessary to 
reconsider the contents of the information 
obtained from forward rates conventionally 
calculated from yield curves derived from 
observed coupon securities. It is unlikely 
that a rate computed for two coupon bonds 
ot different maturities but similar durations 
indicates the rate an investor would pay now 
for a forward security commencing at the 
maturity of the shorter security and matur- 
ing at the maturity of the longer security. 
This may help to explain the limited success 
of empirical tests in differentiating among 
competing theories of the term structure. 

Lastly, the use of maturity rather than of 
duration to compare securities may affect 
the empirical measurements of both liquidity 
and default risk premiums. The higher inter- 
est rates are, the shorter is duration. Thus, 
the absolute difference in duration between a 
given pair of short- and long-term bonds wiil 
be greater when interest rates are low than 
when rates are high. As a result, the finding 
that in a symmetrical cycle yields on long- 
term securities exceed yields on short-term 
securities when yields are low by more than 
short-term yields exceed long-term yields 
when yields are high may in part or in total 
reflect the failure to maintain constant the 
difference in duration.* This measurement 


of the price decline diminish as the maturity of the dis- 
count bonds increase beyond this point. See Malkiel, p. 
80. 

3 This is suggested by Macaulay, pp: 44, 50-51, 51-62, 
68. 

* See Kessel, pp. 81-90. To the extent liquidity pre- 
miums are a linear function of the price riskiness of 
bonds and price risk is a linear function of duration, 


rr 
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error may also help explain the inverse rela- 
tionship ketween liquidity premiums and the 
level of interest rates reported by some in- 
vestigators, 1° 

The inverse relationship between duration 
and coupon makes a higher coupon bond a 
shorter term tond than a lower coupon bond 
of the same maturity. To the extent bonds 
possessing higher risks of default carry higher 
coupons than default free bonds, a compari- 
son of the rates on these two bonds of equal 
maturity will underestimate the magnitude 
of the default risk premium in periods of up- 
ward sloping yield curves and overestimate 
the premium in periods of downward sloping 
yield curves." 
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The End of the North-South Wage Differential: Comment 


By Marx L. LADENSON* 


In a recent issue of this Review, Philip 
‘Coelho and Moheb Ghali have argued that 
various studies purporting to show a per- 
sistent differential between wages in north- 
ern and southern states have used data un- 
adjusted for regional differences in price 
level; that the differential has been proved 
for nominal wages, not real wages. Using 
data for 1963 they show that the average 
nominal wage rate for a sample of five north- 
ern metropolitan areas is significantly greater 
than such an average for five “southern” 
metropclitan areas. However, after the nom- 
inal wage figures are adjusted for differences 
in the cost of living in each of the ten areas, 
this differential disappears. This result sur- 
vives the introduction of dummy variables 
to account for differences in industry com- 
position, sex, color, and capital-labor ratio. 

It seems almost unbelievable that earlier 
studies of the wage differential have ignored 
regional differences in price levels, and 
Coelho and Ghali must be commended for 
calling attention to this anomaly. However, 
they have not proved the end of the North- 
South wage differential; at least not to the 
satisfaction of this writer. The reason is that 
of the five cities used in their southern 
sample, only one, Atlanta, would be accepted 
by many as southern, the classification of 
Baltimore, Dallas, Houston, and Washing- 
ton, D.C. as southern by the Departments 
of Labor and Commerce notwithstanding. 
The purpose of this note is to repeat Coelho 
and Ghali’s comparisons for another sample 
of cities, half of whose members would be 
recognized as southern by any reasonable 


* Assistant professor of economics, Michigan State 
University. 

1 The title of one of the sessions at the December 1971 
meeting of the American Economic Association, at 
which two papers were presented, was “Is the South 
Stil Backward?” M. I. Foster included only Atlanta in 
his definition of the South. F. Ray Marshall omitted 
Haltimore and Washington, D.C. from his definition. 
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observer.” Required data for each metropoli- 
tan area are number of production workers, 
total man-hours, and total wages for produc- | 
tion workers, classified by industry, and cost 
of living indices. The first three items are 
provided in tne Census of Manufactures 1967 
and the -atter can be obtained for the year 
1967 from the Handbook of Labor Statistics 
1970. 

Table 1 shows that our sample seems to 
give rouzhly the same results as that of 
Coelho and Ghali. Average hourly nominal 
wages for the five northern areas are 14.4 
percent higher than for the southern areas. 
This differential drops to 4 percent when 
real hourly wages are considered. The same 
phenomenon sccurs for annual wages. Look- 
ing at the figures for the individual cities 
however, it is clear that Baton Rouge is an 
extreme cuther. If we compare average 
hourly wages between the five northern areas 
and the four southern areas excluding Baton 
Rouge, we find that when we shift from 
nominal to real wages the percentage dif- 
ference drops from 25.6 to 15.1, still a size- 
able difference. 

It would be preferable to establish the 
continuec existence of the North-South wage 
differential w.thout excluding Baton Rouge 
from the sample. This might be accomplished 
by showing that the high average wages in 
Baton Rouge are a result of the industrial 
composition cf that region. Our method of 
distinguishing between regional effects and 
industry effeczs is identical to that of Coelho 
and Ghai. We calculate wage rates and 
annual wages for every industry (two digit 
classification) and for every metropolitan 
area.* The mocel takes the form: 


2We do not repeet the last part of their analysis 
involving reziona. differences in sex, color, and capital- 
labor ratio. i 

3 No observations were available for the following 
industries in: Boston, SIC 21; Buffalo, SIC 21, 31; Pitts- 
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LADENSON: NORTH-SOUTH WAGE DIFFERENTIAL 


TABLE 1—Monry WAGES, ANNUAL WAGES, REAL WAGES, AND REAL ANNUAL 
WAGES FOR SELECTED METROPOLITAN AREAS, 1967 


Hourly 

Money 

Metropolitan Area Wage 
Boston | $2.94 
Buffalo 3.47 
New York & NE New Jersey 2.86 
Philadelphia 3.07 
Pittsburgh 3:99 
Simple Average (North) $3.18 
Atlanta $2.80 
Baton Rouge, La. 3.75 
Durham, N. C. 2.43 
Nashville 2.49 
Orlando, Fla. 2.45 
Simple Average (South) $2.78 

Simple Average (South; 

Baton Rouge omitied) $2.53 


Wi = a + Bi y 


where W; is the wage in region 7 and indus- 
try 7, a is the intercept, 8: is the region effect, 
and +; is the industry effect. The wage Wi; 
is regressed on twenty dummies, the first of 
which assumes a value of unity for northern 
metropolitan areas and zero for southern 
metropolitan areas. The other nineteen dum- 
mies each assume a value of unity for one of 
the twenty industries and zero for every 
other industry with industry SIC 20 as a 
_ base. 

It is to be emphasized that observations 
on Baton Rouge were included in the regres- 
sions. Looking at Table 2 we see why Baton 
Rouge is such an extreme outlier. In addi- 
tion to SIC 20, observations are available 
for Baton Rouge on SIC 27, 28, 32, 34, im- 
plying that these are the major industries in 
the area. In all four columns of Table 2 the 
coefficients of these industries are significant 
and large. 


burgh, SIC 21, 22, 24, 31; Atlanta SIC 21, 29, 38: . 


Nashville, SIC 21, 29, 31, 33, 38; Orlando, SIC 21, 22, 
26, 29, 30, 31, 33, 37, 38, 39. Observations were avail- 
able only for the following industries in Baton Rouge, 
SIC 20, 27, 28, 32, 34; Durham, SIC 20, 22, 27, 32, 36. 
Instead of 200 observations (20 industries in each of 10 
cities) we therefore have 145. 
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Annual Costof Hourly ‘Real 
Money Living Real . Annual 
Wage Deflator Wage Wage 
$5734.9 106 $2.77  $5410.3 
7013.2 103 3.37 6808.9 
5569.2 102 2.80 5460.0 
6051.8 100 3.07 6051.8 
6850.3 99 3.59 6919.4 
$6243.9 $3.12 $6130.1 
$5670.1 95 $2.95  $5968.5 
7700.9 91 4.12 8462.5 
4740.5 94 2.58 5043.1 
5028.5 93 2.68 5407.0 

5067,4 92 2.66 5580.4 
$5641.5 $3.00 $6092.4 
$5126.65 $2.71  $5499.8 


Turning to the coefficient of the North- 
South dummy we find these also to be large 
and significant in the first two columns. The 
fifty-five cent differential between northern 
and southern nominal hourly wages implies 
that these are 24.2 percent lower in the 
South than over the entire sample. The 
$991.70 differential between northern and 
southern nominal annual wages implies that 
these are 21.2 percent lower in the South 
than in the sample taken as a whole. These 
differences are reduced but by no means van- 
ish when we consider real wages. The thirty- 
two cent North-South difference in hourly 
real wages means these are 13.1 percent 
higher in the North than in the entire sample. 
The $529 difference in annual real wages 
means these are 10.6 percent higher in the 
North than in the entire sample.. 

Our conclusion is as stated in the second 
paragraph. Coelho and Ghali have done a 
service by calling attention to the necessity 
of using data on real wages when ccnsidering 
regional wage differentials. However, the use 
of such data indicate that the North-South 
wage differential still exists (or existed in 
1967) when the cities used for southern ob- 
servations in the sample belong unambigu- 
ously in that category. 
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TABLE 2—MoneEy WAGES AND INCOMES, REAL WAGES AND INcoMES: REGRESSION RESULTS* 
Annual Money Wage Hourly Money Wage Annual Real Wage Hourly Real Wage 
Variable Coef. i Coef. i Coei t Coef. t 
Intercept 4661.5 23.5 .211 22.39 5009.8 2323 2.440 21.96 
N-S dummy 991.7 9.1 „550 9.85 529.9 4.5 320 5.22 
Dummy of Industry 
SIC 21 — 1307.0 —2.8 611 —2.53 — 1241.7 —2.4 —.574 —2.18 
22 —611.5 —Z.1 A240 2.13 — 658.5 —~2.0 —.344 —2.07 
23 — 1619.6 —5.7 .606 —4.14 — 1549.7 —5.3 —.615 —3.83 
24 — 763.6 —2.6 362 —2.38 —797 6 —2.5 —,380 —2.28 
25 — 332.9 —]1.2 162 —1.ll —340 2 — f. 1 —.167 —1.04 
26 ` 62.8 0.2 .013 0.08 46 ó 0.1 O11 0.07 
27 1058.2 3.9 738 5.35 1998.2 3.8 .766 5.07 
28 1311.6 4,7 .626 4.42 1384.2 4.6 661 4.26 
29 2224.2 6.6 .862 5.03 2186.6 6.0 858 4.58 
30 59.9 0.2 013 0.08 49.6 0.2 .009 0.05 
31 — 1365.4 —3.8 .542  —2.96 — 1403 .0 — 3.6 — 560 —2.79 
32 467.2 1.7 „301 2.18 475.2 1.6 313 2.07 
33 1430.6 4.6 738 4.60 1422.4 4.2 138 4.20 
34 736.7 2.7 414 2.92 769.2 Z.ó „435 2.80 
35 1074.4 3.8 474 3.24 1077.4 i .480 2.99 
36 381.1 1.4 .176 1.24 372.7 1.2 172 1.10 
37 1874.0 6.3 9193 5.92 1872.5 5.8 904 5.41 
38 446.9 13 233 1.36 447.8 1.2 236 1.26 
_ 39 — 888.1 —3.0 —.297 —1.95 — 896.1 —~2.8 —.297 —1.78 
R? . 764 136 -705 .661 


a The industries corresponding to the Standard Industrial Classification Code are: 
SIC 20= Food and Kindred Products SIT 31 =Leather 
21=Tobacco 32=Stone and Clay 
22= Textile Mill Products 33 = Primary Metal 
23 = Apparels 34= Fabricated Metal 
24=Lumber and Wood 35=Nonelectrical Machinery 
25=Furniture and Fixtures 36= Electrical Machinery 
26= Paper and Allied Products 37 =Transportation Equipments. 
27 = Printing and Publishing 38 = Instruments 
28 = Chemicals 39 = Miscellaneous 
29 = Petroleum and Coal 
30= Rubber and Plastics 
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The End of the North-South Wage 
Differential: Reply 


By Purr R.P. COELHO AND Moues A. GHALI“ 


In his comment, Mark Ladenson contends 
that substantial differences in wages still 
exist between the North and the South even 
after accounting for differences in regional 
prices. We find his results objectionable on 
three grounds: a) his arbitrary exclusion of 
available data, b) his choice of a low budget 
cost of living as a deflator, and c) the possi- 
bility of heteroscedasticity which would ren- 
der his testing procedure invalid. 

Ladenson objects to four of the five cities 
we used as our southern sample, all previous 
empirical work notwithstanding. These five 
cities were used in our analysis because they 
were the only five cities for which the neces- 
sary 1963 data were available. Similarly, the 
five cities included in our Northeast sample 
were the only Standard Metropolitan Sta- 
tistical Areas (SMSA) for which complete 
1963 data existed./ If we consider 1967 data, 
there are many more SM SAs in both regions 
than are utilized by Ladenson. (Our data 
sources are identical to Ladenson’s: Census 
of Manufacturers 1967 and Handbook of 
Labor Statistics 1970.) In this study we use 
all the data available by: 1) examining wage 
differentials throughout the entire United 
States, 2) offering alternative definitions for 
the Northeast and South, and 3) using dif- 
ferent deflators to measure differentials in 
the regional cost-of-living. 


* Assistant professor of economics, Washington 
State University, and associate professor of economics, 
University of Hawaii, respectively. 

1 In our original paper (hereafter C-G) the geograph- 
ical term North was defined to include the New England 
and Middle Atlantic states, the region defined by the 
Bureau of the Census as the Northeast. Because we are 
convinced that a finer use of geographical terms is neces- 
sary to avert terminological debates and to avoid con- 
fusion in the examination of wage differentials in other 
parts of the country, we have modified our regional defi- 
nition. In this paper unless explicitly stated otherwise, 
we accept the Bureau of the Census’ definitions for the 
four major regions of the country (Northeast, North 
Central, South, and West). 


The statistical techniques used are similar 
to those employed by Ladenson and in our 
previous paper, p. 934, except that we have 
added two additional dummy variables to 
account for the additional geographical 
regions, the North Central and western 
regions of the United States. Dummy vari- 
ables, then, exist for the South, North Cen- 
tral, and West of the United States; conse- 
quently we are comparing wages in these 
regions to wages in the Northeast.” Industry 
21 of the Standard Industrial Classification 


2 The cities for which two-digit industrial classifica- 
tion and comparative cost-of-living data exist are the 
following: 


Northeast Region: 
Boston, Mass., Buffalo, N. Y., Hartford, Conn., Lan- 
caster, Pa., New York City and northeastern New 
Jersey, Philadelphia, Pa., Pittsburgh, Pa., Portland, 
Me., 


Southern Region: 
Atlanta, Ga., Austin, Texas, Baltimore, Md., Baton 
Rouge, La., Dallas, Texas, Durbam, N. C., Houston, 
Texas, Nashville, Tenn., Orlando, Fla., Wastington, 
D.C. 


North Central Region: 
Cedar Rapids, Ia., Champaign-Urbana, HI, Chicago- 
Northwestern Indiana, Cincinnati (Ohio, Kentucky, 
Indiana), Cleveland, Ohio, Dayton, Ohio, Detroit, 
Mich., Green Bay, Wis., Indianapolis, Ind., Kansas 
City, Mo., Milwaukee, Wis., Minneapolis-S:. Paul, 
` Minn., St. Louis, Mo., Wichita, Kan., 


Western Region: 
Bakersfield, Ca., Denver, Col., Honolulu, Hawaii, 
Los Angeles-Long Beach, Ca., San Diego, Ca., San 
Francisco-Oakland, Ca., Seattle-Everett, Wash. 


Ladenson stresses that Baton Rouge, a high wage 
city, is included in his regression results for the South. 
Baton Rouge is a high wage city because of its industrial 
mix, as he points out. Consequently, including Baton 
Reuge, and using the econometric techniques which 
both Ladenson and we use, can have no effect upon the 
southern coefficient unless wages in the Baton Rouge 
industrial mix are different from wages in the North- 
east for the same industrial mix. Ladenson’s point is 
specious. 
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TABLE {ORDINARY LEAST SQUARES 
(Coefficients and é-values) 


Sample I Sample II Sample IIT 
e, w e w e w 
Money 
R . 66 65 67 . 66 „68 .67 
Int 5817 2.87 5862 2.69 5767 2.83 
NC 173.02 .09* 172.69* CEA 292.75* .16* 
1.96 2.17 1.99 2.23 3.03 3.51 
S —621.76” — .34* — 828 .52* — .4€* —711.16* — ,39* 
6.32 —7.25 —6. 69 —7 .83 —5.40 — 6.28 
W 235.07* .18* 230. 10* 18* 347 .68* i259" 
2.23 3.69 2.02 3.75 3.09 4.74 
Low Budget 
Re .63 62 64 63 64 63 
Int | 5687 2.80 5727 2.82 5609 2.75 
NC 261.56* DE 261.14* 13* 403 ,69* Ped bag 
2.90 3.19 2.92 er 4,04 4.64 
S —241.51* —.15* —354.33* —.22* — 215.38 —.14* 
—2.4l —3.20 ~ IT =A ~ 1.59 —2.27 
W 12.51 .06 7.55 .05 147.66 14" 
12 1.29 07 1.27 1.27 2.66 
Intermediate Budget 
R? -63 .62 64 63 „65 .64 
Int 5586 2.75 5630 2.78 * $487 2.69 
NC 371.78* .19* 371.44* 19" 538 .06* .28* 
4.07 4.42 4.11 4.42 5.36 6.06 
S —~ 25.13 — .04 — 175.29 — .13* — 12.51 — 04 
= — .89 — 1.36 —2.,2i ~~ 09 — .66 
wW 241.91* .18* 236. 86* . 18* 401. 28* OP ag 
2.22 3.55 2.20 3.57 3.44 5.04 
High Budget 
R .63 .62 64 62 65 64 
Int 5591 2.15 5633 ate 5470 2.68 
NC 454.95* 23° 454 ,64* ae 643 .66* 1337 
4.94 D437 4.99 £43 6.38 7.19 
S — 60.47 —.06 — 189.40 — 17 — 4.59 — .04 
— 59 —1.24 — 1.45 —2.26 — 03 —.59 
W 215.32* D ri 210.48 AT 397 .46* att 
1.96 3.27 1.94 2.28 3,39 4.99 


W = Western Region 

‘-values are in italics below the coefficients. 

Starred entries indicate that the coefficients are significantly different from zero 
at the .05 level. 


Ncte: Int=Intercept 
NC=North Central Region 
S=Southern Region 


Code (SIC) is dropped for lack of sufficient 
data; industry 20 of the SIC serves as a base. 
Our results are reported in Table 1. Only 


regional coefficients are reported.’ Sample I 
includes all the SMSAs for which 1967 data 


are available. Sample II excludes the four 
southern cities to which Ladenson objects 
and Austin, Texas. Sample III has the same 
coverage as Sample II except that two 
northeasiern S/4SAs, Pittsburgh and Buf- 
falo, are excluded, For each sample we report 
the results for nourly wages (w) and annual 


3 The results of the entire set of regressions are avail- 
earnings (e). The results for money wages 


able from the authors upon request. 


‘VOL. 63 NO. 4 


and earnings are reported in the first five 
rows. The remaining rows report the results 
for real wage and real earnings when three 
alternative deflators are used: Low, Inter- 
mediate, and High Budget cost-of-living 
indexes. 

For money wages Ladenson finds that, 
after accounting for industry mix, annual 
wages in his “South” are 17.5 percent below 
the Northeast.* In a recent study of inter- 
state wage differentials Gerald Scully found 
that money wages in the South (Census 
Bureau definition) were 11.6 percent below 
those in the Northeast, p. 768. In our origi- 
nal study, p. 934, we found annual wages in 
money terms in the South to be 10.5 percent 
below those in the North, hourly wages were 
12.4 percent below those in the North. In the 
present study, in Sample I, the South is 10.7 
percent and 11.7 percent below the North 
for annual money wages and hourly earnings 
respectively. Whose definition of the South 
should be accepted? 

First, it appears that there should be no 
dispute over our inclusion in the Northeast 
of Hartford, Connecticut, Portland, Maine, 
and Lancaster, Pennsylvania. Complete data 
for these cities are available for 1967, Laden- 
son did not use them. Secondly, if Laden- 
son’s results are accepted, one must conclude 
that between 1958 and 1967 the position of 
southern industrial workers deteriorated 
relative to their northeastern counterparts. 
All the evidence available, quantitative and 
subjective, belies this conclusion. 

In Sample I, for real wages and real earn- 
ings the coefficients of the South are insignifi- 
cant at the 5 percent level except when the 
data are deflated by the low budget index. 
We are faced with another problem, which 
index should we use? Quite obviously, the 
high budget index is inappropriate for most 
industrial workers’ families.” The choice 


4 Ladenson states that southern wages “‘... are 24.2 
percent lower in the South than over the entire sample.” 
He actually means that with his data the North is 24.2 
percent higher than the South. The South is his base, 
we have changed his results to a northeastern base to 
make them comparable with our present and previous 
findings. 

5 The average annual dollar cost for maintaining a 
higher-income standard of living for the United States 
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between the low and intermediate indexes is 
not so clear cut. The annual dollar earnings 
of each worker would maintain a low budget 
standard of living. However, there is more 
than one worker per family; in 1967 50.3 
percent of all families in the United States 
had two family members in the labor force. 
Furthermore, our data are obtained by divid- 
ing the total annual wages paid by the total 
labor force. No allowance is made for over- 
time, or part-time and seasonal workers. We 
believe that the intermediate budget deflator 
is subject to less criticisms than the alterna- 
tives, consequently our conclusions about the 
difference in wages between the Northeast 
and South are based upon the use of this 
index.® 

In Sample II we drop the cities in areas 
which Ladenson believes are nonsouthern. 
However, we use all the northeastern data 
which are available. The differences between 
our results and Ladenson’s are instructive; 
in annual money wages and hourly earnings 
Ladenson has the South 17.5 percent and 
19.5 percent below the Northeast, respec- 
tively. Our results for the identical variables 
have the South 14.1 percent and 15.7 percent 
below the Northeast. Simply by excluding 
three cities from the Northeast, the differ- 
ential is widened. Here lies the danger of 
arbitrarily discarding data. 

Ladenson does not give any rationale for 
rejecting the Census Bureau’s definition of 
the South. By redefining the South, Laden- 
son’s work is not comparable to other studies 
of the South; consequently, his conclusions 
are suspect because his data base is different 
and severely limited. Ladenson’s definition 
of the South has imposed severe limitations 
upon his sample, resulting in both regional 
and industrial composition imbalances. Out 
of his sample of 145 observations only about 
one-third represent observations on southern 
industries (52 observations). The imbalance 
in the distribution of industries may be the 


in 1967 was $13,367. This statistic (and others in this 
section) were obtained from the Handbook of Labor 
Statistics, 1970, 

6 Ladenson uses a low budget deflator although he 
never mentions it. This is another area of disagreement 
becween us. 
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TABLE 2—GENERALIZED, LEAST SCUARES 
(Coefficients and #-values) 
Sample I Sample LI Sample III 
e w e w e€ w 
Money 
R? 87 87 .87 ET 87 87 
NC 1258. 89* .60* 1183.43* ISG. 1363. 54* .66* 
7.80 7.36 7.03 6.€3 7.53 7.32 
S 384.79 11 — 205.76 — 19 28.86 — .06 
1.37 75 — 41 = 7S .06 —~ 25 
W 1224.93* .60* 1139 .68* 50" 1300. 60* .65* 
5.59 . 5.49 5.00 4.82 5.48 5.50 
Low Budget . 
R? .87 . 86 .87 . 87 87 .87 
NC 1274.88" . 60" ` 1201.51* ye 1392.35* .68* 
7.98 7.54 7.2l 6.50 7.78 7.58 
5S 713.19" .27 213.58 02 453 .03 AS 
2.57 1.91 43 08 90 58 
W 861.39* 42* 777 .96* . 38% 946.17* .47* 
- 3.98 3.86 3.45 3.36 4.04 4.04 
Intermediate Budget 
Re l v .87 .87 .87 OF , 87 .87 
NC 1443.17" .69* 1371.48* 65° 1602 .87* . 78* 
9.31 8.86 8.49 8.07 9.32 9.14 
5 1047. 84* .43* 330.86 413 812.83 32 
3.88 3.19 1.li 73 ` 1,68 1.34 
W 1242.08* .61* 1159.75* asd 1362 .66* .68* 
5.91 5.80 5,30 5.22 6.05 6.09 
High Budget 
R? 87 87 .87 „87 = 88 .88 
NC 1588. 53* .76* 1517.80* dar 1778.75* .87* 
10.40 9,94 9.53 9.11 10.57 10.39 
5 1045 .44* 43* 586.08 .20 902.88 «3T 
3.93 3.23 1.24 80 1.90 1.56 
W 1230. 14* .61* 1149. 49* on 1378 .99* .69* 
5.94 5.84 5.33 5.23 6.25 6.30 





Note: NC=Narth Central W=West 
„S=South 


i-values are in italics below the coefficients. 


Starred entries are significant at the .05 level. 


cause of his unusually high differentials in 


nominal wages. If one considers the sign of 
the industrv effects reported in Ladenson’s 
Table 2, seven missing observations for the 
northern sample are all low wage industries; 
on the other hand, 30 out of the 48 missing 
observations for the southern sample have 
positive signs. 

One of the statistical pitfalls in Laderison’s 
analysis is the inclusion of industries in his 
northern sample which have no counterpart 


a 


in his Souzh. The value of the model used is 
to separate irdustry effects from regional 
effects, and, consequently, adjust the re- 
gional wage fo? industry mix. This objective 
is not achievakle if the industry exists in one 
region cnly. Industries which are missing 
from Ladenson’s South are SIC 21, 29, and 
38. Two other observations (SIC 31 and 33) 
have only on2 observation apiece in the 
southern sample. For this reason we dropped - 
SIC 21 from the sample in our previous 
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paper, p. 934, and for the same reason we 
dropped it from the present analysis. With 
respect to the two other industries, SIC 29 
and 38, which would not be represented in 
the southern sample if we follow Ladenson’s 
definition as we do in Samples II and III, 
the decomposition of wages to industry and 
regional effects is accomplished by including 
the other two regions of the country, where 
these industries exist. 

Nevertheless, let us accept, for illustra- 
tion, Ladenson’s definition and, again for 
illustration, define the Northeast as the area 
north of the Mason-Dixon line and east of 
the Appalachian Mountains. This definition 
could be defended in terms of geography, 
history, and market orientation;it constitutes 
our Sample III. Except for hourly earnings 
deflated by the low standard of living index, 
all the southern coefficients are insignifi- 
cantly different from zero at the 5 percent 
level. We do not advocate regional defini- 

tions of the South nor of the Northeast as 
defined in Sample ITI, we do wish to stress 
that there can be serious biases when data 
are arbitrarily discarded from a sample. 

The results reported may be biased, and, 
therefore, misleading on two further counts. 
First, the results may be subject to a specifi- 
cation bias which results from the omission 
of pertinent variables (such as sex, color, 
capital-labor ratio). The omitted variables 
may be working in the direction of conceal- 
ing the true wage differential. This possi- 
bility was investigated in our earlier paper, 
p. 936, and the conclusion was that inclusion 
of the omitted variables did not affect our 
results. This procedure cannot be followed in 
the present study because the 1958 data on 
capital and the 1960 data on sex and color 
are Inappropriate for analyzing 1967 wage 
data. 

The second possibility of bias would 
result if our estimated variance-covariance 
matrix is biased. Suppose the wage equa- 
tion which holds for the individual worker k 
is wi;=a-+6;+y;+e%; where i represents the 
ith industry, 7 the jth city, a the intercept, 
B; the industry effects, and y; regional 
effects. If we make the assumption that the 
error terms e4; are spherical normal, then the 
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error term in the equation pertaining to aver- 
age industry wage levels will not be homosce- 
dastic: 





wy Sat Bit a; 
k 


Hij 





-5a Cij 


R 


where n:; represents the number of workers 
in the ith industry in the jth city. Under 
these conditions, estimated standard errors 
of the regression coefficients will b2 biased, 
and the calculated ¢-statistics will not be dis- 
tributed #, when the results are obtained by 
applying ordinary least squares. The appli- 
cation of generalized least squares, where the 
variance matrix is a diagonal matrix with 
elements 1/n,;, consists of weighting the 
original data by a factor which wi! correct 
for heteroscedasticity. In our case, the cor- 
rection amounts to weighting.our data by 
V nij. 

In Table 2 the generalized least square 
results are shown for each of the zhree 
samples. Table 2 shows that, in money terms, 
wages in the South (both annual and hourly) 
are insignificantly different from wazes in the 
Northeast.’ Using generalized leas: squares 
and deflating by a cost of living index reveals 
even more startling results. All the southern 
coeificients are positive and some of them 
are significant. It is of interest to >oint out 
that the southern coefficients are the only 
ones which change their signs. The other 
regional coefficients do become larger and 
their ¢-values increase. After we account for 
heteroscedasticity, the Northeast is the low 
reai-wage region. 

In conclusion, the results of our previous 
paper are confirmed and there exist no sig- 
nificant differences in real wages be:ween the 
Northeast and the South when the accepted 


7 A straightforward interpretation in dcllar magni- 
tudes of the regression coefficients is not pcssible using 
the correction described. Thus, we have not reported 
intercept values, and we caution the reader not tc inter- 
pret the values in simple dollar terms as can be cone in 


. Takle 1. Complete regression results are available from 


the authors upon request. 
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definition of the South is used and when 
money wages are deflated by the intermedi- 
ate cost of living index. There are wage dif- 
ferentials within the United States, however. 
The North Central and western regions have 
significantly higher wages than the North- 
east. Whether these differentials can be ac- 
counted for by some other explanatory vari- 
ables, or whether they are equalizing dif- 
ferentials for nonpecuniary regional differ- 
ences or whether the economy was simply in 
disequilibrium in 1967 are questions which 
can only be answered by further research. 
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Estimation of Structure-Profit Relationships: Comment 


By Joun M. VERNON AND Marjorie B. McErroy* 


= Recently, the Federal Trade Commission 
(FTC) has accused breakfast cereal manu- 
facturers of illegal monopolization (1971). 
A major basis for the charge is the FTC belief 
that high advertising expenditures by the 
companies create effective entry barriers. 
One FTC study (1969) reached this conclu- 
sion after finding that the coefficient of the 
advertising/sales ratio in a multiple regres- 
sion equation explaining firm profit rates 
was positive and significant. Several other 
of these so-called market structure-perfor- 
mance studies have recently been completed 
(Marshall Hall and Leonard Weiss, Vernon 
(1972)). However, in a recent issue of this 
Review, Blake Imel and Peter Helmberger 
(hereafter, J-H) presented some findings 
which cast serious doubt upon the validity 
of these studies. According to their carefully 
specified profit equation for a diversified 
firm, the significance of advertising as a bar- 
rier to entry depends critically on the size of 
an unknown parameter termed the “omega 
ratio.” For example, for one specification of 
the profit rate equation, the estimated 
t-ratios varied from 3.31 to 1.86 to 1.29 as 
the omega ratio ranged from 0.0 to 0.5 to 
0.8. Since I-H were unable to estimate this 
ratio and it is not known a priori, it is impor- 
tant to seek evidence as to its magnitude. 
In this paper, after a brief review of the 
I-H model, we suggest a method for estimat- 
ing the omega ratio. We then present some 
estimates for a body of data similar to that 
used by I-H. Our results indicate that the 
estimated ratio (and hence the significance 
of the estimated coefficients) is approxi- 
mately the same for two alternative specifi- 
cations of the model. More importantly, the 
estimated advertising coefficients, condi- 


* Professor and assistant professor of economics, 
Duke University, respectively. We wish to thank 
Michael McElroy for valuable criticism, Terry Seaks 
for research assistance, and Bob Nourse for help in col- 
lecting the data. We are also grateful to the Marketing 
Science Institute for its support of the data collection 
effort. 
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tional on our estimated omega ratios, are 
positive and statistically significant. Thus, 
this note.tends to corroborate the hypothesis 
that advertising serves as an effective bar- 
rier to entry. 


I. The Imel-Helmberger Model 


At the cost of placing severe restrictions on 
the profit equation of a diversified firm, I-H 
are able to specify the off-diagonal as well 
as the diagonal elements of the error vari- 
ance-covarlance matrix. Hence, except for 
the problem of estimating the omega ratio 
and therefore the variance-covariance ma- 
trix, generalized least squares (GLS) is the 
appropriate estimation technique. 

For a firm specialized in one market, I-H 
write the profit rate equation as 


(1) Ri =a +bEi + cM; + ui 


where 


R:=the profit rate of the ¿th firm 

M:=a market-related structural variable, 
such as the concentration ratio, of the 
ith firm 

E;=<a firm-related variable, such as size, 
of the ith firm 

u;=the total error term, representing 
both firm-related and market-related 
omitted variables 


A distinctive feature of their model is the 
assumption that the error term is composed 
of two components, 


Ui = ei Me 


where e; is that part of the error term due to 
the omission of firm-related variables and z; 
is that part due to the omission of market- 
related variables. It is assumed that 


Eu; = Em; = Ee; = 0 


and 
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I-H construct the profit equation for the ith 
diversified firm from the simple sum of 
profits of its divisions. Thus the profit equa- 
tion of the ith diversified firm consisting of 
two divisions—the gth division operating in 
market 7 and the kth division operating in 
market #-—is given by 


(2) Ra =a + 0(DGM; + DiM;) 
+ ¢(DijEg; + DinExn) 
+ Dim; + Dima + Dizeg; 
+ Direzn 

where 


D:;=the share of the diversified firm’s 
tote] sales accounted for by its sales 
in the jth market 

Dy,=the share of the diversified firm’s 
totel sales accounted for by its sales 
in the Ath market 


Generalized to T markets the structure of 
the varlance-covariance matrix of the error 
term resulting from this model is of special 
importance. The ith diagonal element is: 


8 2 2. 2 
(Da + Dat... + Dir)ou 


The expression in parenthesis is a Herfindahl 
measure of product diversification, or H4. 
For a firm specialized in one market, H;=1 
and hence oĉ is the variance of the error 
term. A typical off-diagonal element is 
simply the covariance term for two firms. 
For example, if firms z and 7 have at least 
one market in common, the element is the 
sum of the cross- -products of Dix, for the 
frms’ common markets. 


9 T 
On Y, DD 
kml 
If o2 is factored out of the variance-covari- 
ance matrix, the diagonal elements become 
the H measures of product diversification for 
the firms in the sample. The typical ofi- 
diagonal element becomes 


T 
K > Da Dy 


k=l 


where K is the omega ratio, K = 02/02. Hence, 
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knowledge of K and D;, is sufficient to com- 
pute the entire variance-covariance matrix. 


II. Estimation Procedure 


Our procedure for estimating the omega 
ratio is a simple adaptation of the two-stage 
technique described by Marc Nerlove, p. 373. 
In the first stage we account for the effect of 
the omitted market variables by treating m, 
as parameters. and by estimating them using 
weighted least squares (WLS). These in turn 
are used tc estimate eî, and thereby K and 
the variance-covariance matrix. Our pro- 
cedure ditfers from that of Nerlove in that 
the I-H specification requires weighted dum- 
mies as well as weighted least squares. The 
second stage consists of using the estimated 
variance-covariance matrix and applying 
generalized least squares. The remainder of 
this section will be devoted to a fuller discus- 
sion of the first stage. 

Generalizing the profit rate equation for 
the ¿th diversified firm selling in up to T 
markets yields: 


(3) Rig = bM: + cE, + mDa +... 
+ mr Dip + ti 


where 


T T 
M: = >. DeM,, E: = >> DuEn, 


k=] k=l 
T 
U; == > D ikeir 
k=1 
with 
Ev; = 0 


2 
Var V; = Fe oS Dz. = oH; 


Regarding m, as parameters to be estimated, 
equation (3) can be estimated using weighted 
least squares! where the appropriate weights 
are 1/WFi;. 


l In Nerlove’s first stage, the role of Dis in equation 
(3) is played by a zero-one dummy variable. In the con- 
text of the I-H medel, such zero-one dummies would be 
appropriate orly i firms were specialized in one market 
in which case che coefficient of a dummy variable (plus 
the constant: vou:d be the profit rate intercept for that 
market. However, the profit rate intercept for a diversi- 
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Applying WLS to (3) yieids an estimated 
intercept term #, for each of T markets. 
Thus our estimator of the variance of the 
error terms due to omitted market variables 
is given by 


» 12 LA nY 
fm = — a OS f 
j T > (M T kes] ) 


The residual variance? from WLS estimation 
of (3), unadjusted for degrees of freedom, is 
used as an estimate of the variance of the 
error terms due to omitted firm variables, 
7. Hence an estimate of the omega ratio is 


Ê = n/n + 6) 


This estimate of the omega ratio along with 
Dy, is used to calculate the estimated vari- 
ance-covariance matrix, thus completing the 
first stage. 


II. Illustration 


-= The sample of firms that we use to illus- 
trate the procedure is described fully in a 
paper by Vernon and R. E. M. Nourse. 
Briefly the sample consists of 57 large manu- 
facturing firms engaged in selling food, beer, 
liquor and wine, tobacco, soaps and deter- 
gents, household supplies, and toiletries. The 
data cover the period 1963-69 and were 
obtained from the usual trade and govern- 
mental sources. Industry variables were 
constructed at the 4-digit SIC level of aggre- 
gation. The variables are defined below. 


Dependent 


R=the firm’s net income divided by 
shareholders’ equity, averaged over 
the years 1963-68 


fied firm is a linear combination of market intercepts. 
Therefore, in equation (3) each firm has a weighted 


dummy -variable for each market in which it partici- ` 


pates, the weights being the share of firm sales in that 
market; Because we have 40 markets and only 57 obser- 
vations, the use of a dummy variable for each market 
would leave us with too few degrees of freedom. A 
reasonable compromise seemed to be to aggregate the 
40 four-digit markets into 11 three-digit markets. 
Hence, we used 11 dummy variables rather than 40. 

2 Of course, the residual variance must be adjusted 
to correct for the weighting procedure. 


Independent 


D;,= the share of the ith firm’s sales sold 
in market k 

DC =a dummy variable that equals unity 
if the weighted’ average concentra- 
tion ratio of the firm’s product 
markets is greater than 50, and zero 
otherwise (1966 4-firm concentra- 
tion ratios). 

CAS=the 1969 advertising/sales ratio of 
the firm. 

AS=the weighted average industry ad- 
vertising/sales ratio of the firm’s 
product markets 

LS=the reciprocal of the logarithm of 
1968 total assets of the firm 


We examined regressions for two specifi- 
cations. In model A, the company advertis- 
ing/sales ratio, CAS, is used as an indepen- 
dent variable along with a market concen- 
tration and a firm size variable; in model B, 
CAS is replaced by AS, the weighted indus- 
try advertising/sales ratio.‘ 

We report our estimation results for stage 
one only summarily. Many variaticns of the 
stage one procedure were attempted.® In all 
cases the omega ratio estimates for models 


3 The weights used are the estimated shares of the 
firm’s total sales in each of the 40 4-digit SIC industries 
covered. 

4 The two advertising variables would appear to raise 
some ambiguities with respect to the I-H scheme of 
classifying all variables as either firm or market related. 
For example, AS might be considered to be a bit of 
both. 

5 Among the variations that we tried were: WLS 


‘with the weighted dummies representing markets (the 


weights were 1/./H;), and CLS with both weighted 
and unweighted dummies. Imel has pointed out that DC 
is incorrectly constructed if one wishes to test the hy- 
pothesis that firms earn higher profits in markets where 
concentration exceeds 50 percent. Rather than defining 
the zero-one dummy variable on CR (as we have done), 
one should first define the dummies for each market and 
then construct the firm’s variable (DW) as a weighted 
average of the market dummies. We therefore estimated 
our regressions substituting DW for DC and found only 
slight differences in the results. Given the simple corre- 
lation coefficient between DW and DC of .95, this is not 
unexpected. We should note, however, that the DW 
variable did tend to yield slightly higher é-values. For 
example, the DW t-value in the regression of the profit 
rate on DW, AS, and CAS was 1.62 as compared with 
1.5 for DC. 
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TABLE {—MULTIPLE REGRESSION EQUATIONS EXPLAINING FIRM PROFIT Rates Usinc CLASSICAL LEAST 
Squares (CLS) AND USING GENERALIZED LEAST Squares (GLS) with Four ALTERNATIVE 
SPECIFICATIONS OF THE VARIANCE-COVARIANCE MATRIX OF THE Error TERM 


Estimation Assumed | 
Procedure ValueofK Intercept DC 


CLS . 141 009 
(.44) 

GLS 0.0 124 019 
(1.13) 

GLS 0.23 .138 .022 
(1.09) 

GLS 0.5 153 .019 
(.83) 

GLS 0.8 181 ~ 113 
(.37) 

CLS 105 .028 
(1.50) 

GLS 0.0 .111 .026 
(1.58) 

GLS 0.21 .121 .023 
i (1.13) 

GLS 0.5 .132 .018 
(.73) 

GLS 0.8 145 O11 
(.32) 


Equation 
AS CAS LS 1 Re? Number 
0.806 — ,260 ,28 (1) 
(4.27) (—1.50) 
0.790 — 210 42 (2) 
(4.45): (—1.33) 
0.703 — .268 .38 (3) 
(3.78): (—1.69) 
0.698 —.337 .36 (4) 
(3.68)" (—2.06) 
0.722 = AGA 32 (5) 
(3.73) (—2.71)4 
0.833 —.178 34 (6) 
(5.01)8 (—1.08) 
0.838 — ,185 46 (7) 
(4.96 7 (—1.21) 
0.823 914, 35 (8) 
(3.42) (—1.31) 
0.883 — 255 29 (9) 
(2.61)* (—1.49) 
1.091 — .335 20 (10) 
(2.04)8 (—1.82) 


Note: The numbers in parentheses are /-ratios; the number of observatiors is 57. 
a Indicates significance at the .025 level for a one-tail t-test. 


A and B lay in the range of 0.173 to 0.247. 
For example, one set of estimates for model 
A yielded 6%,=.0012, 6?=.0043, and 
K=0.217. The corresponding estimates for 
model B were 6;,=.0012, 67=.0045, and 
K=0.207. For use in stage two, we selected 
the following representative values of K: 


K (the omega ratio) 


Model A 0.23 
Model B 0.21 


To permit comparison of our results with 
those of I-H, we estimated models A and B 
using classical least squares (CLS) and using 
GLS conditional on the following values of 
the omega ratio: 0.00, 0.23 or 0.21, 0.50, and 


0.80. These equations are presented in 
Table 1. 

For every equation the signs of our esti- 
mated coefficients agree with a priori expec- 
tatians. As I-H found, the significance of the 
concentration ratio and the advertising vari- 
ables. tend to fall as the omega ratio increases. 
Contrary zo the I-H findings, the advertis- 
ing/sales ratic remained significantly posi- 
tive at a .025 level even when the omega 
ratio was set at 0.80. It is interesting to note 
that the GLS results for X = 0.00 (equivalent 
to WLS) anc for K=0.23 (or 0.21) are so 
similar that no qualitatively different con- 
clusions can be drawn. 

In GLS estimation of the I-H model, 
ceteris paribus the larger the omega ratio the 
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more weight is given to the off-diagonal ele- 
ments of the variance-covariance matrix. 
That is, the more important are the omitted 
market variables relative to the omitted firm 
variables (i.e., the bigger is K), the more we 
need to take into account the interdepen- 
dence among error components for firms sell- 
ing in the same markets. A large K empha- 
sizes this interdependence at the expense of 
differences among firms’ levels of diversifica- 
tion and conversely. In market structure- 
performance studies prior to that of I-H, the 


usual practice was to use weighted least- 


squares (i.e, K=O) and to neglect the off- 
diagonal elements of the variance-covariance 
matrix altogether. Under the I-H specifica- 
tion, this problem would be misleading if in 
fact K were large. The evidence we have put 
forward in this note suggests that although 
K is not zero, nonetheless it is not large 
enough to make the GZS results very differ- 
ent from those for WLS. However, we 
should emphasize that our results are spe- 
cific to our sample of data. 

A final caveat on the use of the I-H model 
is in order. In order to use their model, it is 
necessary to have an unambiguous classifi- 
cation of the independent (and omitted) 
variables as being either firm-related or 
market-related. This does not always appear 
to be possible. We have already noted the 
doubtful classification of the advertising 
variables in this respect. Another example is 
a measure of firm size: the average size of 
firms in a market might be viewed as a mar- 
ket-related variable and deviations from the 
average as firm-related, or the measure might 


VERNON AND McELROY: STRUCTURE-PROFIT RELATION 767 


be viewed solely as a firm-related variable 
(following I-H). 

Finally, we do consider the I-H work to be 
a useful contribution to the growing litera- 
ture on market-structure-performance studies 
where observations are on firms rather than 
industries. If for no other reason, I-H are to 
be commended for highlighting the rather 
severe assumption that the profit equation 
of a diversified firm is a simple linear cambi- 
nation of profit equations of the firm’s divi- 
sions. 
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Estimation of Structure-Profit Relationships: Reply 


By BLAKE IMEL AND PETER HELMBERGER* 


Recent work has focused attention on the 
need for more careful specification of the 
: yarlanceé-covariance matrix for the error 
term in the estimation of structure-profit 
rate relationships. It has been shown that 
where profit rate data for individual com- 
panies are analyzed, the matrix will likely 
display both heteroskedasticity and auto- 
correlation.! The omega ratio, relevant to 
autocorrelation, is defined as the ratio of the 
variance of the error component attributable 
to the omission of market related variables, 
c, to the total variance of the error term, 
cy This ratio appears in every element of the 
omega matrix, defined as 1/o2 times the 
variance-ccvarlance matrix, where two firms 
in the sample represent the same industry. 
In their comment, John Vernon and Mar- 
jorie McElroy estimate that the omega ratio 
is in the neighborhood of .22 and suggest, 
subject to the need for analysis of additional 
samples, that neglecting the problem of auto- 
correlation has rather negligible effects on 
parameter estimates. In what follows, we 
draw attention to possible shortcomings of 
their analysis and argue that the problem of 
autocorrelation should not be dismissed on 
the basis oi their findings. 

Vernon and McElroy propose adapting a 


two-stage technique developed: by Marc - 


Nerlove to estimate the omego ratio. They 
note that the implementation of this tech- 
nique would entail including a dummy vari- 
able for all 40 markets, save one, represented 
by the 57 firms in their sample. Arguing that 
this would severely tax the degrees of free- 
dom, they aggregate the 40 sample markets 
into 11 SIC three-digit groups and hypothe- 
size a dummy variable for each group. We 
feel that this procedure is not only inap- 


* U.S. Department of Agriculture and University of 
Wisconsin, Madison, respectively. 

1 See our 1971 article. For a discussion of the impli- 
cations of error component analysis for aggregative ap- 
proaches, see Imel, Michael Behr, and Helmberger, pp. 
77-84, 
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propriate in light of their objectives but 
indeed, raises a whole host of new problems. 

To see this, consider a sample of special- 
ized firms where profit rates are hypothe- 
sized to be a runction of variables related to 
firms, markets, and sectors. The total error 
could then be broken up into component 
parts as follows: 


(1) 


where #;; equals the total error for the ith 
firm in the jth market in the źth sector and 
the components 2:7, Mja and g, are attribut- 
able to the omission of variables related to 
firms, marsets, and sectors, respectively. In 
our earlier paper, it was assumed that sector 
related variables and sector related error do 
not exist; the 4 subscripts were not required. 
On this assumption, Vernon and McElroy 
have included irrelevant variables—the sec- 
tor dummies—-and excluded relevant vari- 
ables—the market dummies. (This conclu- 
sion is hardly altered by allowing for diversi- 
fication because the equations for diversified 
firms are mere aggregates of equations for 
the component “specialized firms.”) Theo- 
retically, the Vernon-McElroy estimates of 
m; are biased downward toward zero. Indeed, 
if there were zero correlation between each 
sector dummy and excluded relevant vari- 
ables, the estimetes of m; would not be ex- 
pected to differ significantly from zero, The 
estimate or the omega ratio is biased down- 
ward for two reasons. The estimate of the 
numerator is biased downward because of 
the downward bias in the estimates of my. 
The derominator is biased upward due to 
the omission of the relevant market dum- 
mies. Clearly, if assuming g, is nonexistent is 
valid, the Vernon-McElroy estimate of the 
omega ratio is open to question. 

The other alternative, of course, is that 
relevant sector variables and sector error 
may in fact exist. What then? For special- 
ized firms, it car be shown that the covari- 
ance of the errer terms for the two firms In the 


Unis = Cizt -+ Mj: + gı 


i eamm 
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same market, and therefore in the same sec- 
tor equals the variance of m;, oñ, plus the 
variance of g, o2. The appropriate element 
of the omega matrix would consist of the 
omega ratio plus the ratio of ob to e2. For two 
firms in the same sector but in different mar- 
kets, the appropriate element of the omega 
matrix simply equals the ratio of o? to oł. 
Because of the many patterns of diversifica- 
tion among markets and/or sectors which 
are conceptually possible, statistical analysis 
of the error components becomes very com- 
plex if the sample contains diversified firms. 
Moreover, we have some reservations regard- 
ing the operationality of the statistical theo- 
rems that can be derived. Instead of estimat- 
ing one variance ratio in the omega matrix, 
one would need estimates of two variance 
ratios. Application of the Nerlove technique 
would apparently involve including: sector 
dummies as well as market dummies. It does 
not appear to us that Vernon and McElroy 
could have skirted the problem of insufficient 
degrees of freedom through postulating a 
sector error component if indeed that was 
their intent. 

Our third and final concern is that the 
more-or-less straightforward application of 
Nerlove’s suggested technique for the par- 


_ ticular problem at hand may not be com- 


pletely appropriate. As described by Nerlove 
the technique involves estimating the off- 
diagonal parameters of the variance covari- 
ance matrix when there are T observations 
on each of N individuals (markets in this 
case). The variance among the estimated 
coefficients of the V dummy variables is 
taken as an estimate of the variance of the 
‘Individual related” terms (market related 
in this case). In industrial organization re- 
search, only by coincidence would each mar- 
ket be represented by the same number of 
sample firms. This raises some substantive 
questions about the equal weighting each 
estimated dummy coefficient would receive 
in computing*the variance via the Nerlove 
technique. An example might clarify this 
point. 

Consider a representative sample of firms 


from a hypothetical world where all firms 


are completely specialized. A regression of 
profit rates on explanatory variables is esti- 
mated with a dummy variable included for 
each market in the sample. In estimating 
ož, Nerlove’s technique gives each estimated 
market related term (dummy coefficient) 
equal weight. Yet, in the sample variance of 
m; across firms, some of the market related 
terms might well be represented many times 
relative to others. Equal weighting would 
appear to be a questionable procedure. It is 
possible, using equal weights, that the esti- 
mated market related variance, o2,- will 
exceed the total variance of the dependent 
variable in either the sample or population.’ 

In conclusion, while we are sympathetic 
to the need for estimates of the omega ratios 
in cross-section studies, we must unfortu- 
nately report some dissatisfaction with the 
estimates presented by Vernon and McElroy 
for their particular study. Though they are 
to be commended for calling attention to the 
possibility of using Nerlove’s technique to 
estimate omega ratios, their application of 
this technique has been found wanting in a 
number of respects. In our view it would be 
unacceptable in future regressions on com- 
pany profit rates to assume that the problem 
of autocorrelation can be neglected on the 
basis of the Vernon-McElroy findings. 
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Relative Shares and Elasticities Simplified: Comment 


By PAUL A. SAMUELSON* 


The taxonomy of changing factor shares 
in a competitive industry’s output, as factor 
supplies (or prices) shift, has, again, been 
ably discussed. These results can be in- 
cluded under the following terse exposition. 


I 


Denote the neoclassical (homogeneous- 
first-degree, concave) production function as 
g=f(%1,..., £n) Then write X;=log.x; 
=In x; and 


(1) In flo, es 


In fle™,... , es) 
a(X4, ant Xn) 


The relative share of the ith factor, 


Pim: / Dy Pity = a; 
1 
is then given by 


(2) ðalXı, ese 
a Xi, eae 


5 Xn) 


lt 


’ Xn) /OX ; 
, Xn) 


a; = 


where subscripts on a function denote partial 
differentiation, as in da/0X;= a;,0°a/OX 0X; 
=a, etc. 

By definition, total relative shares sum to 
unity; hence 


(3) a( Dai) / ax; =0 
1 
= Y ai(X1, i ey ey 
1 


Effects on æ; from a relative change in 
factor 7 alore are given simply by the sign 
of a, or equivalently of a:;/aja;, and 
a;:/a;(1—ay,) (the latter being l—o;*=1 
+ [axifi/(1—a)f;], the “Samuelson” cri- 
terion). Effects on a; from a sole change in 


“Institute professor, Massachusetts Institute of 
Tezhnology. I owe thanks to the National Science 
Foundation. 

1 See Ryuzo Sato and Tetsunori Koizumi. This gives 
references to Hicks, Robinson, McFadden, Samuelson, 
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factor 7 are given by a; or ej;/a:a; (which 
are closely related to the ‘partial elasticities” 
concepts, f%:;/f:f;, of Hicks, Allen, McFad- 
den, Sato-Foizimi, and many others). 

To determine how the share of some sub- 
set of factors, say a+... ta, r<n, 
changes relative to some other subset’s, 
Orit... Fan, m<n, when some factor x; 
alone changes. we need only calculate the 
(4) ð (i > ai — In 


sign of 
Èa) / ax; 
1 +1 
fo. —1 r 
(EJ Ee) 
N 1 1 


m -Í m 
(EJE) 
7+1 r1 


Thus, if r=2, m=3=/7, as in Sato-Koizumi’s 
example of a change in brown labor’s supply 
and the effects of this upon its share rela- 
tive to that cf white and black laborers’ 
combined, 4) becomes (aita) at a) 


—az tas. I m=n=3, (4) becomes 
— ay [(1 ~ a+ (æ)! ]. 
II 


This completes all there is to say.? 

Mention, however, should be made of the 
obvious duality relations that hold for the 
minimum-unit cost function in terms of fac- 
tor prices, c(f:,..., fn), which is dual to 
the production function and has all its 
qualitative properties. Now we work with 


(5) al¥i,..., Val = In c(e¥,..., e”) 
a'l Ya... Ya] = de[Vi,..., Vnl/aV: 


where now brackets (rather than parenthe- 
ses) differentiate between tactor prices and 
factor quantities, and superscripts (rather 
than subscripts: indicate diterentiation with 


?I have skinped the Sato-Koizumi discussion of 
“direct and shadow elasticities,” dealing with a change 
in “x;/+;,” since, wa2n 2> 2, such Robinsonian changes 
are ill-defined 
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respect to factor prices (rather than factor 
quantities). 

Now, if we ask the effects on factor shares 
of changes in one of many factor prices 
(instead of factor quantities), all our previ- 
ous formulas can immediately have their 
duals written, merely by changing subscripts 
to superscripts! Thus, instead of a;; we write 
att, etc.3 

3 The informed reader can verify the following sym- 
metric relations between the “dual” functions: 

(6) a[¥i,..., Ya] ta(X,...,Xn) > 0 
for Yi=ln(p:/ >, p;x) and with (6)’s equality sign 
holding if, and only if, 
(7) Y; = — Xi + lnailX,...,Xn) 
X: = — ¥itinai[¥i,..., Yn] 


SAMUELSON: RELATIVE SHARES AND ELASTICITIES fi 


ES 

In conclusion, and with no implicit aes 
criticizing earlier writers (including myself),,..- 
this terse exposition may usefully point up 
the fact that most elasticity discussions are 
empty of substance: for the most part, 
whether they are partial elasticities or total 
elasticities, they merely give names to effects 
that need to be measured—except for their 
occasional function of relating some of the 
different needed measurements to each other. 
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Relative Shares and Elasticities Simplified: Reply 


By Ryuzo SATO AND TETSUNORI Koizumi" 


We are gratified that mention of our paper 
on “Relative Shares” has been made in the 
preceding note by Paul Samuelson. Con- 
sistent with his past contributions, Samuel- 
son has provided a simplified treatment of 
the varlous concepts of elasticity of substi- 
tution. We would like to take this occasion 
to make some further observations. 

With regard to Samuelson’s statement 
about the usefulness of the elasticity con- 
cepts, first, it is hard to imagine that Samuel- 
son would go so far as to belittle the theoret- 
ical contributions of all the studies done in 
such areas as growth, production functions, 
and technical progress which have greatly 
benefited by the use of the elasticity of sub- 
stitution concept. In these studies the elas- 
ticity of substitution concept was not used 
in a trivial manner. Secondly, and this is 
more relevant to the type of problems we 
address, there is the matter of substitutes 
and complements which is an integral aspect 
of the multifactor analysis. In problems 
dealing with multifactor production, dual 
partial elasticity concepts developed by 


* Professor of economics, Brown University and as- 
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Aller, Hicks, Sato-Koizumi, etc.' serve sev- 
eral useful functions. Besides providing a 
taxonomy of “effects that need to be mea- 
surec,” these various concepts provide us 
with alternative frameworks of conceiving 
of substantive problems. 

Although it can be shown that the partial 
concepts are related to some of the other 
elasticity concepts and hence need not be 
glorified by farcy names, there do exist par- 
ticuler problems where it is crucial to under- 
stand how the “total” effect is divided into 
its “component” effects. For example, in the 
case where we are dealing with derived 
demand with some factors (subsitutes or 
complements) limited in supply, it is impor- 
tant to know exactly how the existence of 
substitutability or complementarity among 
factors works “or or against a particular fac- 
tor share. 
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Papers: Gary C. HUFBAUER, University of New Mexico 
Problems and Policies in the International Adjustment Process 
GEORGE HILDEBRAND, Cornell University 
Problems and Policies Affecting Labor’s Interests 
RAYMOND VERNON, Harvard University 
Problems and Policies Respecting Competition and Monopoly Power 
Discussants: C. FRED BERGSTEN, The Brookings Institution 
Prececy Muscrave, Northeastern University 
Ropert B. StopauGcu, Harvard University 
Tuomas Horst, The Brookings Institution 
Joun J. McGowan, Yale University 


2:30 P.M. WORLD PREJUDICE AND SEX DISCRIMINATION: Findings of The American Economic Association Com- 
mittee on the Status of Women in the Economics Profession 
Chairman: CAROLINE SHAW BELL, Wellesley College . 
Committee Members: WALTER Apams, Michigan State University 
KENNETH J. Arrow, Harvard University 
FRANCINE Brav, Trinity College 
MARTHA BLAXALL, National Academy of Sciences 
KENNETH BouLpinG, University of Colorado 
JOHN KENNETH GALBRAITH, Harvard University 
CoLLETTE Moser, Michigan State University 
BARBARA REAGAN, Southern Methodist University 
Myra STROEBER, Stanford University 
PHYLLIS WALLACE, Sloan School, Massachusetts Institute of Technology 
Panelists: ELIZABETH CLAYTON, University of Missouri 
Davip Gorpon, New School for Social Research 
(third to be announced) 
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2:30 Pr.x. Major Economic POLICY PROBLEMS OF THE 1970s 
Chairman: R. A. Gorpon, University of California, Berkeley 
Panelists: SAMUEL Bow tes, University of Massachusetts 
ROBERT L. HEILBRONER, New School for Social Research 
Kerait Gorron, The Brookings Institution 
HENDRIK S. Houtuakxer, Harvard University 
GEOFFREY H. Moors, National Bureau of Economic Research 


2:30 p.ar. THe Property TAX: PROGRESSIVE OR REGRESSIVE? 
Chairman: JOSEPH A. PECHMAN, The Brookings Institution 
Papers: Henry J. Aaron, The Brookings Institution 

Views on Property Taxation: One 
Ricwarp A. Muscrave, Harvard University 
Views on Property Taxation: Two 
Discussants: HARVEY E. Brazer, University of Michigaa 
ANN F. FRIEDLAENDER, Boston College 
Dick NETZER, New York University 
GEORGE E. Peterson, Urbana Institute 
EARL R. Rorrs, University of California, Berkeley 


3:00p.m THE Great Society VERSUS THE NEW FEDERALISM: AN ECONCMIC PERSPECTIVE 
Chairman: Congressman PAUL SARBANES 
Papers: CHARLES L., Scuuttze, The Brookings Institution 
Sorting Out the Arguments: An Economist’s Criteria 
Lester THurow, Massachusetts Institute of Technology 
Cash Versus In-Kind Transfers: Is Economics Myopic About the Tradeoff? 
Discussants: KENNETH J. ARROW, Harvard University 
(Others to be announced) 


8:00 p.m. RICHARD T. ELY LECTURE 
Chairman: WALTER W. HELLER, University of Minnesota 
Speaker: ROBERT M. Sorow, Massachusetts Institute of Technology 


Saturday, December 29, 1973 


8:30 A.M. ALLOCATING RESOURCES FOR POLICY RESEARCH 
Chairman: James N. Moroan, University of Michigan 
Papers: F. THomas Juster, University of Michigan and Institute for Social Research 
How Could Survey Research Be More Useful? 
ALice M. RIVLIN, The Brookings Institution 
How Could Experiments Be More Useful? 
Discussants: BARBARA R. BERGMANN, University of Maryland 
MicuHaEL H. Moskow, U.S. Department of Housing and Urban Development 


8:30 A.M. INTERNATIONAL ENERGY SUPPLY 
Chairman: Sam H. Scrurr, Resources for the Future 
Papers: M. A. ADELMAN, Massachusetts Institute of Technology 
Crude Oil Availability and Price Outside the United States 
James W. McK, University of Texas 
The Politica! Economy of International Petroleum 
Discussants: RAYMOND F. MIKESELL, University of Or2gon 
Tuomas R. STAUFFER, Harvard University 


8:30 A.M. Economics IN CHINA: THE PROSPECTS FOR SCIENTIFIC INTERTHANGE* (Joint Session with the Association 
foz Comparative Economic Studies) 
Chairmen: Ltovp G. Reynos, Yale University 
Panelisis: CARLOS Diaz ALEJANDRO, Yale University 
Jonn Gur ey, Stanford University 
Dwicst PERKINS, Harvard University 
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8:30 a.x. THe Frow or FUND3 AND INTEREST RATES IT: FINANCIAL ANALYSIS THROUGH THE FLow oF Funps* 
(Joint Session with the American Statistical Association and the American Finance Association) 
Chairman: ALAN GREENSPAN, Townsend, Greenspan, and Company 
Papers: Doatri BALATSOS, Manufacturers Hanover Trust Company 
Homogenizing the Concepts of Financial Market Analysis 
Patric HENDERSHOTT, Purdue University : 
Progress Report on a Macro Model of the Financial System 
STEPHEN P. TAYLOR, Federal Reserve Board 
State of the Statistical Art in Flow-of-Funds Accounting 
Discussant; James MCKEON, Salomon Brothers 


8:30 A.M. LEXICOGRAPHIC ORDERING AND ITs APPLICATION* (Joint Session with the Econometric Society) 
Chairman: NICHOLAS GEORGESCU-ROEGEN, Vanderbilt University 
Papers: RicHarp H. Day AND STEPHEN M. Rosiwson, University of Wisconsin 
Economic Decisions with L** Utility 
HOWARD KUNREUTHER, University of Pennsylvania 
Protection Against Natural Hazards: A Lexicographic Approach 
WirLraĮ{ T. TERRELL, Wichita State University 
Lexicographic Choice: Pure and Applied Economic Theory 
Discussant: Joun S. CurpmMan, University of Minnesota 


10:30 a.m. Tre Ficut AGAtnst Poverty: CONFLICTING OBJECTIVES AND ALTERNATIVE STRATEGIES FOR INCOME 
MAINTENANCE (Joint Session with the Association for the Study of the Grants Economy) 
Chairman: ANDREW F. BRIMMER, Federal Reserve Board 
Papers: ALATR TOWNSEND AND ROBERT LERMAN, Joint Economic Committee, U.S. Congress 
Conflicting Objectives in Income Maintenance Programs: Is There an Easy Way Out? 
Rospert H. HAVEMAN AND Irwin GARFINKEL, University of Wisconsin 
Earnings Capacity and the Anti-Poverty Effectiveness of Income Maintenance Alternatives 
Discussants: WORTH BATEMAN, Urban Institute 
J. R. Domanctez, University of California, Los Angeles 
Puyziiis WALLACE, Massachusetts Institute of Technology 
VINCENTE T. XIMENES, former Commissioner, Equal Employment Opportunity Commission 


10:30 a.x. Tur THEORY oF Poricy (Joint Session with the Econometric Society) 
Chairman: BENT HANSEN, University of California, Berkeley 
Papers: WALTER P. HELLER AND KARL SHELL, University of Pennsylvania 
On the Theory of Optimal Taxation with Costly Administration 
THOMAS MUENCH AND NEIL WALLACE, University of Minnesota and the Federal Reserve Bank of 
Minneapolis 
On Finding a Good Stabilization Policy: Models and Methods 
Discussanis: ANTHONY B. ATKINSON, University of Essex 
Epsunb S. Pures, Columbia University 


10:30 a.m. LESSONS FROM AND For THE CURRENT Economic EXPANSION 
Chairman: ArTHUR M. Oxun, The Brookings Institution 
Panelists: Orto Ecxstew, Harvard University - 
WILuiam J. FELLNER, American Enterprise Institute 
Pavi W. McCracken, University of Michigan 
Paur A. SAMUELSON, Massachusetts Institute of Technology 


10:30 a.m. INTERNATIONAL TRADE AND FINANCE II: U.S. COMPETITIVENESS IN WORLD MARKETS* (Joint Session 
with the American Statistical Association and the American Finance Association) 
Chairman: RoBert G. Hawkins, New York University 
Papers: J. DAviD Rrcuarpson, University of Wisconsin 
Estimating Demand and Supply Parameters for Imports without Import Prices: Methodology 
and Empirical Results 
HELEN JUNZ AND BARBARA Lowrey, Federal Reserve Board 
The Effect of Changes in Economic Activity on the U.S. Trade Balance in the Monitoring 
System for the Balance-of-Payments Process 
RICHARD A. LABARrGE, Louisiana State University 
Foreign Penetration of the Automobile Market in the United States 
Discussant: James F. BURTLE, W.'R. Grace & Company 
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10:30 a.x. Women AT WORK: AT Home AND IN THE MARKET (Joint Session with the American Statistical Asso- 
ciation) 
Chairman: MARINA v. N.. WHITMAN, University of Pittskurgh 
Papers: MICHAEL J. BosKIN, Stanford University 
The Effects of Government Taxes and Expenditures on Femele Labor 
ARLEEN LEerBsowrTz, National Bureau of Economic Kesearch and Brown University 
Production Within the Household 
Victor R. Fucus, City University of New York and National Bureau of Economic Research 
. Short-Run and Long-Run Prospects for Female Earrings 
Discussanis: Mary L. EysENBACH, University of Utah 
MICHAEL Priore, Massachusetts Institute of Technology 
ISABEL V. SawHitt, Goucher College 


1:30 pat. Concerts or DISTRIBUTIONAL Equity (Joint Session wita the Public Choice Society) 
Chairman: CARL Eaysen, Princeton University 
Papers: JOHN RAWLS, Harvard University 
Distributional Equity 
. Dennis MUELLER, Cornell University ` 
Defining the Polity for Distributional Norms 
James M. BUCHANAN AND WinsTon Busy, Virginia Folyteshnic Institute and State University 
Positive Limits on Distributional Policy 
Discussants: LESTER THurow, Massachusetts Institute of Technology 
ALvIn KLEvorick, Yale University 


j l 
2:00 p.m. ENERGY SUPPLY AND DEMAND IN THE UNITED STATES* (Joint Session with the American Agricultural 
Economics Association) 
Chairman: DUANE CHAPMAN, Cornell University 
Papers: STEPHEN L. McDonatp, University of Texas 
Incentive Policy and Supplies of Energy Sources 
Harry Perry AND MILTON F. SEARL, Resources for the Future 
Policies for Energy Research and Development 
Henorr HOUTHAKKER, Harvard University AND Pari VERLEGER, Data Resources, Inc. 
Demand Studies for Energy Resources 
Joux Witson, Federal Power Commission _ 
Supply-Demand Interactions: Environmental Protect:on, Frice Policy, and Industrial Organiza- 
tion 
Discussanis: A. Myrick FREEMAN, Bowdoin College ` 
RicHARD L. Gorpon, Pennsylvania State University 
ROBERT KALTER, Cornell University 
WALTER MEAD, University of California, Santa Barbara 


2:30 p.m. Economic EDUCATION 
Chairman: ROBERT L. HEILBRONER, New School for Socia. Research 
Papers: KENNETH BOULDING AND ELIsz BOULDING, University 2f Colorado 
Introducing Freshmen to the Social Sciences . 
Renpics Fers, Vanderbilt University ` 
Developing Independent Problem-Solving Ability in Economics 
BERNARD Booms, Pennsylvania State University 
Computer-Aided Instruction for Large Elementary Ccurses 
Discussants: LESTER FETTER, Ocean County College 
Henry H. VILLARD, City University of New York 
ELISABETH ALLISON, Harvard University l 


2:30 p.M. TRENDS, PRospecTs AND Poucws ror East-Wesr TRADE (Joint Session with the Association for 
Comparative Economic Studies) 
Chairman: WALTER. GALENSON, Cornell University 
Papers: ALEXANDER ECKSTEIN, University of Michigan 
Prospects and Policy for Sino-U.S. Trade 
GREGORY Grossman, University of California, Berkeley, 
Prospects and Policy for Soviet-U.S, Trade 
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Econ NEUBERGER, State University of New York, Stony Brook; ALAN A. Brown, University of 
Windsor; and PAUL Marer, University of Indiana 
Prospects and Policy for Trade Between Eastern Bau and i United States i 
Discussants: T. C, Lyru, Cornell University 
LAWRENCE J. Bramar, The Chase Manhattan Bank 
GILBERT Ropcers, U.S. "Department of Commerce 


3:00 r.m. ` Is Economic Tueory Wiry It? sl 
Chairman: ROBERT M. Sorrow, Massachusetts Institute of Technology : 
Panelisis: Harry G. Jounson, University of Chicago and London School of Fcon: 
VERNON L. Smitu, California Institute of Technology 
Gary S. BECKER, ‘University of Chicago 
TJALLING C. KOOPMANS, Yale University 
JOHN KENNETH GALBRAITH, Harvard University 


8:00 P.M. PRESIDENTIAL ADDRESS 
Chairman: (To be announced) 
Speaker: KENNETH J, Arrow, Harvard University | 


9:15 P.m. Business MEETING 


Sunday, December 50, 1973 


8:30 A.M. INTERCITY PASSENGER TRANSPORTATION: AILMENTS AND PRESCRIPTIONS (Joint Session with the Trans- 
portation and Public Utility Group) 
Chairman: Roy J, Sampson, University of Oregon . 
Papers: Huon S. Norton, University of South Carolina 
The Wheel: Should We Re-Invent It? 
Epwin P. Parron, University of Tennessee | 
Where Goest the Pointless Arrow? 
GrorceE C. Eans, George Washington University j 
Airline Capacity Limitation Controls: Private Vice Equals Public Virtue? 
Discussant; James C, NELSON, Washington State University 


4 
t 


8:30 A.M. UNEMPLOYMENT IN A FuLL EmprovmenT Economy* (Joint Session with the American Statistical 
Association) s 
Chairman: CHARLES C. Horr, Urban Institute 
Papers: Hyman Karrz, U.S. Bureau of Labor Statistics 
Unemployment Issues 
Rares E. Santry, Urban Institute 
The Discouraged Worker in a Full Employment Economy i F 
HERMAN P. Mrirer, Economic Consultant l 
Subemployment in the United States 
Discussant: BELTON FLEISHER, Ohio State University i 


1 


8:30 a.m. Postwar Economic GROWTH IN EASTERN Evrope* (Joint Session with the Association far Com- 
parative Economic Studies) 
Chairman: ABRAM BERGSON, Harvard University 
Papers: Gur Orer, Hebrew University 
Industrialization with Low Level Urbanization, The Experiences of Socialist Eastern Europe 
GEORGE STALLER, Cornell University 
Postwar Industrial Growth in Czechoslovakia 
ALAN Brown, University of Windsor and JosEpH A. LICARI, Genl College pa oe 
Economic Growth, Stability, and Structural Change in Post-War Hungary 3 
Discussants: MICHAEL MONTAS, Yale University 
Bera BArassa, Johns Hopkins University = 


10:30 a.m. THe Wortp Dynamics or Economic Growth (Joint Session with the American Statistical date 


Chairman: Harotp BARGER, Columbia University . 
Papers: RicHarp F, Kososup AND WILLIAM D. O'NEILL, University cf Illinois at Chicago Circle 


Sensitive Growth Models and Robust Conclusions `. 


[3 
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Hans LINNEMANN, Free University of the Netherlands 

Perspectives on a New World Economic Model 
HERMAN DALY, Louisiana State University 

The Economics of the Steady State 
Wittram D. Norpuaus, Yale University 

Are There Ultimate Limits to Economic Growth? 

Discussants: TJALLING C. Koopmans, Yale University 

LEONARD Ross, Columbia University Law School 


10:30 Am. NEw DIMENSIONS or Economic INEQUALITY 
Chairman: ROBERT J. LAMPMAN, University of Wisconsin 
Papers: James D. Smita, Pennsylvania State University 
The Concentration of Personal Wealth, 1953-1969 
Josep A. PECHMAN AND BENJAMIN OxneRr, The Brockings Institution 
What Does the Overall Tax System Do to the Ditabution of Income? 
LEONARD HAUSMAN, Brandeis University 
An Appraisal of Income-Conditioning of Benetits as a Redistributive Strategy 
Discussants: Howarp M. WACHTEL, American University l 
- Howarp Tuckman, Florida State University 
Guy H. ORCUTT, Yale University 


10:30 A.M. INTERNATIONAL TRADE AND FINANCE III: BALANCE OF PAYMENIS AND INTERNATIONAL INVESTMENT* 
(Joint Session with the American Finance Association and the American Statistical Association) 
Chairman: LAWRENCE B. KRAUSE, The Brookings Institution 
Papers: LAWRENCE E. KLEIN, University of Pennsylvania 
‘LINK Model Simulations of Internationa] Trade: 'An Evaluation of the Effects of Currency 
Realignments 
_ Perer B. KENEN, Princeton University 
The Balance of Payments and Policy Mix: Simulatiċns of an Empirical Model of the United 
States: 
MICHAEL ADLER, Columbia University Ann Guy V. G. STEVENS, Federal Reserve Board 
Direct Investments of Multinational Firms anc U.S. Exports 
Discussanis: C. FRED BERGSTEN, The Brookings Institution 
HELEN Jounz, Federal Reserve Board 


10:30 A.M. ASPECTS OF PROPERTY TAXATION* (Joint.Session with the American Re Estate and Urban Economics 
Association) 
Chairman: Donan PHARES, University of Missouri-St. Louis 
Papers: JOHN CALLAHAN AND WILLIAM WILKEN, Georgia State University 
Role of Property Tax Reform in School Finance Revisions 
THOMAS IRELAND AND WILLIAM MITCHELL, University of Missouri-St. Louis 
Circuit-Breaker Legislation: Public Choice Effects on Community Selection 
Roy BAHL AND DAVID Greytak, Syracuse University 
The Property Tax and the Changing Structure of Cizy Employment: Revenue Implications 
Discussant: ROBERT SAUNDERS, Kent State University 


1:30 p.M. Economic ANALYSIS OF FEDERAL HEALTH Pouicres* (Joint Session with the Health Economics Re- 
search Organization) 
Chairman: Donard E. Yetr, University of Southern Califernia 
Papers: JonN E. KOEHLER AND ALBERT P. WILLIAMS, JR., Rand Corporation 
Economic Implications of Changes in Funding Mechanisms for Medical Education 
Pav J. Fetpstein, University of Michigan 
Health Professions Educational Assistance Act As It Applies to Dentistry 
Stuart H. ALTMAN AND Josern ErcHennotz, Cost of Living Council 
Impact of the Economic Stabilization Program in Controlling Health Costs 
Discussants: REUBEN A. KesseL, University of Chicage | 
ALEX R. Maurizi, U.S. Department of Labor 
Davip Drake, American Hospital Association 
Curis N. THEODORE, American Medical Association 
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1:30 P.M. SUBSIDIES IN INTERNATIONAL TRADE* (Joint Session with the Association for the Study of the Grants 
Economy) 
Chairman: MARTIN Prarr, Wayne State University and University of Augsburg 
Papers: KANTA MARWAH, Carleton University and U.N.C.T.A.D. 
Toward a Generalized Model of Export Subsidies 
Janos Horvata, Butler University 
On the Leverage of Subsidies as Policy Tools in East-West Trade Promotion 
SIGHART NEHRING, University of Augsburg anD Frank Wess, University of Augsburg and Uni- 
versity of Pennsylvania 
Domestic Transfers and Price Distortions in International Trade 
Discussants: BELA BALAssA, Johns Hopkins University 
WiroLp TRZECIAKOWSKY, Foreign Trade Research Institute, Warsaw 
GERHARD FELs, Weltwirtschaftsinstitut, University of Kiel 


1:30 p.x. THE NEGATIVE INCOME Tax EXPERIMENTS: A Report oF THE Major Finpines* (Joint Session with 
the Econometric Society) 
Chairman: James Tosin, Yale University 
Papers: GLEN CAIN AND HArRoLp Warts, University of Wisconsin 
Basic Labor Supply Response Findings from the Urban Experiment (New Jersey-Pennsylvania) 
CHARLES METCALF, University of Wisconsin 
Low Income Households and the Permanent Income Hypothesis: Implications of the Urban 
Experiment 
D. Ler BAWpDEN, University of Wisconsin 
Economic Behavior of Households in the Rural Experiment (North Carolina-Iowa) 
Discussants: ALBERT REES, Princeton University 
ROBERT LEVINE, Rand Corporation 
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` ANNOUNCEMENTS 


Members with suggestions for the meetings in San 
Francisco, December 28-30, 1€74, are invited to send 
them to Rendigs Fels, Secretazy-Treasurer, American 
Economic Association, 1313 2ist Avenue, South, Nash- 
vile, Tennessee 37212. The Secretary-Treasurer will’ 
review the suggestions and forward them to the Pro- 
gram Chairman. Papers at sessions sponsored by the 
American Economic Association are ordinarily invited 
rather than contributed. To be Considered, proposals for 
this Association must be received by the Secretary- 
Treasurer no later than February 1, 1974. Economists 
wishing to give papers on eccnometrics or economic 
theory may want to submit them to the Econometric 
Society, which meets with the Association and annually 
schedules a number of contributed papers. 


a 


As many members of the American Economic Associ- 
ation will be aware, the London School of Economics 
has recently had the opportunity of purchasing a large 
adjacent building at modest cost which will greatly in- 
crease its library facilities. The library of the School is 
one of the two or three best collections in the world. It 
is also a collection that is extens.vely used by American 
scholars. The British Government has made a contri- 
bution to the effort; Sir John Hicks is contributing his 
Nebel Prize money; a ‘widespread appeal is being 
launched among the British pubiic; and, quite properly, 
American econemists are being _nvited to give—a sub- 
stantial amount if possible, a small contribution in anv 
case. We would like to join in urzing all members of the 
Association to support this potentially valuable resource 
. of our profession, Contributions are tax deductable if 
made through the American Fri=nds of LSE, P.O. Box 
2033, Princeton, New Jersey 08540. Signed Kenneth J. 
Arrow and John Kenneth Galbraith. 


Nominating Committee of The American 
Economic Association 


In accordance with Section IV, paragraph 2, of the 
bylaws of the American Economic Association as 
amended in 1972, President-elec- Walter W. Heller has 
appointed a Nominating Commi-tee for 1974 consisting 
of James Tobir, Chairman; Alen C. Kelley, George 
Perry, Roy Radner, Christopher Sims, Alice Vander- 
meulen, and Charles Z, Wilson. Atiention of members is 
called to the part of the bylaw reading, ‘In addition te 


appointees chosen by the President-elect, the Commit- 


tee shall include any other member of the Association 
nominated by petition includirg signatures and ad- 
dresses of not less than 2 percent of the members of the 
Association, delivered to the Secretary before December 
1. No member of the Association may validly petition 
for more than one nominee for the Committee. The 
names of the Committee shall be announced to the 


membership immediately followimg its appointment and - 


the membership invited to suggest nominees for the 
various offices to the Committee ” 


The Executive Committee of the American Economic 
Association at its meeting on March 2, 1973 voted to 
increase dues 5 percent efective January 1, 1974, 
subject to reconsideration at its meeting December 27, 
1973. This action was taken under the provision of the 
bylaws permitting the Executive Committee to increase 
dues proportionate to increases in relevant costs and 
prices. 


s 


The Asia Fourdation has awarded the American 
Economic Association a grant to assist graduate stu- 
dents and visiting professors from Asia currently at 
institutions East of the Mississippi to attend the annual 
meeting of the Association. The 1973 meeting will be 


‘held in New York, New York, December 28-30. Ap- 


proximately.3ixteen travel grants up to $150 each will 
be awarded. Inquiries should be addressed to the 
American Economic Association, 1313 21st Avenue 
South, Nashville, Tennessee 37212. 


On Thursday, May 16, 1974, the economics depart- 
ment of the City College of New York will sponsor an | 
all-day conference on “The Economic Analysis of Public 
Decision Making end Public Processes.” The object of 
the conference is to stimulate research that is relevant 
to current public issues and policies. Persons interested 
in reading fapers’az the conference are invited to sub- 


= mit them to Professor Robert D. Leiter or Professor 


Gerald Sirkin, Department of Economics, City College 
of the City: University of New York, Convent and 
West 138th Stree:, New York, N.Y. 10031. Papers 
delivered az the conference are scheduled for publication 
in the second annvel conference volume of the depart- 
ment. 


£ 


Omicron Delta Epsilon, the International Honor 
Society in Economics, invites the submission of entries 
for the sixth year of the Irving Fisher and Frank W. 
Taussig Award Competitions. The Fisher Award con- 
sists of $1,000 and publication as a monograph, to be 
published by Princeton University Press, or a journal 
article, to be published in the American Economic 
Review. The Taussig Award consists of $100 and publi- 
cation in The American Economist. 

Entries for the Fisher Award should be submitted to 
the Departmental Selection Committees by January 1, 
1974, and entries fcr the Taussig Award by May 15, 
1974. They will be judged by the International Editorial 
Board and finalists by the Final Selection Board, con- 
sisting of Professors William. J. Baumol, Frank H. 
Hahn, Leonid Hurwicz, Wassily W. Leontief, and Egon 
Neuberger (editor). For more information, write to 
Egon Neuberger, Editor, Economic Research Bureau, 
State University of New York, Stony Brook, New York 
11790. 
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At the invitation of the Governmert of the Republic 
of Austria, the Sixth Internationa. Conference on 
Input-Output Techniques will b2 held in Vienna, from 
. April 22 to 26, 1974, at the Hofburg Conference Centre. 
The conference is sponsored by the United Nations 
and Harvard and Brandeis Universities. Conference 
languages will be English, French, and Russian. Regis- 
tration must be completed no later than December 31, 
1973. For further information, write to Sixth Inter- 
national Conference on Input-Output Techniques, 
Postfach 91, A-1103 Vienna, Austria. 


American scholars scheduled to participate in inter- 
national meetings abroad may, as in the past, receive 
a travel grant from the American Council of Learned 
Societies. Under the new procedures adopted by ACLS 
effective October 1973, the applicamt must obtain a 
standard application form from the appropriate society 
and return the completed form to tae society by the 
applicable deadline: February 15 (fcr meetings sched- 
uled June to September), June 15 (for meetings sched- 
uled October to January), or Oztobez 15 (for meetings 
scheduled February to May). Applicants will be care- 
fully screened by the society. ACLS instructions state: 
“Awards are restricted to humanists and to those social 
scientists and legal scholars who are strongly oriented 
toward the humanities, who use humanistic methods in 
their research, and who will be participating in meetings 
concerned with the humanistic aspects of their disci- 
plines.”” Inquiries should be adcresse:] to Rendigs Fels, 
Secretary-Treasurer, American Ecor.omic Association, 
1313 2ist Avenue South, Naskville, Tennessee 37212. 


The Afghanistan Studies Association has recently 
been organized to promote research. cooperation, con- 
tact, and mutual support among scholars committed to 
the study of Afghanistan. The Assoziation is affiliated 
with the AAS. Tts initial objective is to bring interested 
scholars into effective contact end to stimulate greater 
participation and support for = largely neglected field. 
Further information on the Association activities and 
goals can be obtained from the Executive Committee, 
Richard S. Newell, Chairman, History Department, 
University of Northern Iowa, Cedar Falls, Iowa 50613. 


Deaths 


Emile Despres, Stanford University, Apr. 23, 1973. 

Robert M. Lichtenberg, economic analyst, Port 
Authority of New York and New Jezsey, May 28, 1973. 

N. Arnold Tolles, professor emeritus; New York 
School of Industrial and Labor Relations, Cornell Uni- 
versity, Apr. 10, 1973. 

Paul Wiers, retired Federal Civil Service employee, 
Mar. 12, 1973. 


Retirements 


Helen A. Cameron, associate professor of economics, 


Ohio State University, June 1973. 
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William J. Fellner, professor of economics, Yale Uni- 
versity, June 1973. 

Raymond W. Goldsmith, professor af economics, 
Yale University, June 1973. 

Emile Grunberg, department of economics, Univer- 
sity of Akron. 

A. Stuart Hall, professor, department of economics, 
University of Nebraska-Lincoln, June 1973. 

Thor Hultgren, professor emeritus, department of 
economics, University of Wisconsin-Milwaukee, May 
1973. 

Clifford L. James, professor of economics, Ohio State 
University, June 1973. 

Edmund A. Nightingale, professor of economics and 
transportation, University of Minnesota, June 1972. 

Peter F. Palmer, professor emeritus, department of 
economics, California State University, Long Beach, 


1972. 


Visiting Foreign Scholars 


Christopher I. Higgins, Australian Treasury visiting 
lecturer, University of Pennsylvania, 1973-74, 

James Maycock, economic adviser, Midland Bank, 
London: visiting scholar, department of banking and 
finance, University of Georgia, spring quarter 1974. 


Promotions 


Virote Angkatavanich: professor of economics and 
finance, Fairleigh Dickinson University, Sept. 1973. 

Marcelle V. Arak: special assistant, research and 
statistics function, Federal Reserve Bank of New York. 

Mojmir Bednarik: professor of economics and finance, 
Fairleigh Dickinson University, Sept. 1973. 

Bernard P. Bernsten: senior economist, finance de- 
partment, Economic Analysis Division, U.S. Postal 
Service Headquarters, Oct. 1972, 

Jack L. Bishop, Jr.: manager, management sciences, 
Kentucky Fried Chicken Corporation, Oct. 1, 1972. 

Joseph S. Chung: professor of economics, Illinois 
Institute of Technology, Sept. 1973. 

Charlel L. Cole: professor of economics, California 
State University, Long Beach. 

Simeon J. Crowther: associate professor, de>artment 
of economics, California State University, Long Beach. 

Eugene A. Diulio: associate professor economics, 
Fordham University, Sept. 1973. 

Evangelos Djimopoulos: associate professar of eco- 
nomics and finance, Fairleigh Dickinson University, 
Sept. 1973. 

Susan B. Foster: chief, Balance of Payments Divi- 
sion, Federal Reserve Bank of New York. 

Constantine Glezakos: associate professor, depart- 
ment of economics, California State University, Long 
Beach. 

Herschel I. Grossman: professor of economics, 
Brown University, July 1, 1973. 

W. Clayton Hall: associate professor of economics, 
Illinois Institute of Technology, Sept. 1972. 

Thomas F. Head: assistant professor of economics, 
George Fox College, Sept. 1973. 

John S$. Hill: chief, Securities Analysis Division, 
Federal Reserve Bank of New York. 


784 . THE AMERICAN ECONOMIC REVIEW 


Fred H. Klopstock: adviser, foreign department, 
Federal Reserve Bank of New York. 

F. Charles Lamphear: professor of economics, Uni- 
versity of Nebraska-Lincoln, Sept. 1973. 

Craig R. MacPhee: associate professor of economics, 
University of Nebraska-Lincoln, Sept. 1973. 

William D. Nordhaus: professor of economics, Yale 
University, July 1973. 


Donald O. Parsons: associate professor of economics, 


The Ohio State University. 

Robert J. Rohr: associate professor of economics, 
Brown University, July 1, 1973. 

Alan M. Rugman: assistant professor of economics, 
University of Winnipeg, Sept. 1973. 

Harl E. Ryder, Jr.: professor of economics, Brown 
University, July 1, 1973. 


Bernard Saffran: professor, a n of economics, ` 


Swarthmore Ccllege. 
V. V. Sharma: associate miare of economics, 
Ohio State University, Mansfield Regional Campus. 


Elbert W. Segelhorst: professor of economics, Cali- - 


fornia State University, Long Beach. 

James A. Taylor: associate professor, department of 
economics, New Mexico State University, Aug. 1973. 

Sheila L. Tschinkel: manager, securities department, 
Federal Reserve Bank of New York. 

Charles Waldauer: professor of economics, Widener 
College, July 1, 1973. 


H. David Willey: vice president, Loans na Credits, i 


Federal Reserve Bank of New York. 


Administrative Appointments 


Roy C. Anderson: associate chairman, department of 
economics, California State University, Long Beach. 

Joseph S. Chung: chairman, faculty of economics, 
Illinois Institute of Technology, Feb. 1973. 

-E. Gerald Corrigan: secretary, Federal Reme Bank 
of New York. 

Ronald Crowley, Queen’s University: ane director, 
research programs, Ministry of State for Urban Affairs, 
Ottawa, Jan. 1, 1973. 

Eugene D. Eaton, Jr.: chairman, division of business, 
economics, and public administration, University of 
Alaska, Anchorage, May 1, 1973. 


Alexander Garcia: deputy chairman, department of 


economics and finance, Fairleigh Dickinson University, 
Sept. 1972, 
Jonathan R. T. Hughes: chairman, department of 
economics, Northwestern University, fall 1972. 
Michael C. Lovell: chairman, department of eco- 
nomics, Wesleyan University, July 1, 1973. 


Norman N. Mintz: associate dean, Graduate School 
of Arts and Sciences, Columbia University, July 1, 1973. _ 


Christos C. Faraskevopoulos: chairman, department 
of economics,. Atkinson College, York University, 
July 1, 1973. 

S. Benjamin Prasad: chairman, department of ad- 
ministrative sciences, Ohio University, Feb. 15, 1973. 

Rodrigue Tremblay: chairman, department of eco- 
nomics, Université de Montréal, June 1, 1973. 

Walton T. Wilford: chairman, department of eco- 
nomics and finance, Louisiana State University, New 
Orleans, June 1973. 
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: James A. Zwerneman: head, department of eco- 
nomics, and, associate director, Center for Business 
Services, New Mexico State University, July 1973. 


Appointments 


Elizabeth J. Arnault, Pomona College: assistant 
professor cf economics, Pitzer College, Associated Col- 
leges at Claremont, Sept. 1, 1973. 

Micha Astrachan: economist, Market Statistics Di- 
vision, Federal Reserve Bank of New York. 

Wayne Ayers, Cornell University: assistant professor, 
department cf economics, Eastern Michigan University, 
Sept. 1973. ` 

Costas Azeriadis, Carnegie-Mellon University: visit- 
ing assistant professor, department of economics, Brown 


~ University, 1973-74. 


Martin N. Baily, Massachusetts Institute of Tech- 
nology: assistant professor of economics, Yale Uni- 
versity, July 1973. 

Mary Ann Baily, Massachusetts Institute of Tech- 
nology: lecturer in economics, Yale University, July 
1973. 

Duran Bell, Brcokings Institution: economist, man- 
agement sciences department, The Rand Corporation, 
July 1973. 

Susan Bresler, Rumanics, Inc.: assistant professor of 
economics, University of Tulsa, Sept. 1973. 

Thomas Burton, University of Waterloo: research 


‘officer, Ministry cf State for Urban Affairs, Ottawa, 


July 1, 1973: 

Cheryl A. Cook, Yale University: associate economist, 
economics department, The Rand Corporation, Wash- 
ington, Aug. 1973. 

Patrick J. Corcoran: economist, Business Conditions 
Division, Federal Reserve Bank of New York. 

Philippe R. DeVille, Stanford University: assistant 
professcr of economics, Whittemore School of Business 
and Economics, University of New Hampshire, Sept. 1, 
1973. 

Robert Eagly, University of North Carolina, Chapel 
Hill: visiting associate professor, department of eco- 
nomics, State University. of New York-Binghamton, 
Sept. 1, 1973. 

Matthew D. Edel, Massachusetts Institute of Tech- 
nology: associate professor of urban studies, Queens 
College, City. University of New York, Sept. 1973. 

Brian J. Febbri: economist, Money ‘and Finance Di- 
vision, Federal Reserve Bank of New York. 

George Faltis, Princeton University: research officer, 
Ministry o? State for Urban Affairs, Ottawa, Sept. 1, 
1973. 

Stanley F2ldman: ` economist, Market Statistics 
Division, Federal Reserve Bank of New York. 

Davie E. E. Gay, Texas A&M University: assistant 
professor of economics, University of Arkansas, "eet 
1973. 

Glenn Gots, Lockheed Aircraft Corporation: asso- 
ciate economist, management sciences department, The 
Rand Corporation, Feb. 1973. 

Robert J. Gordon: professor of economics, North- 
western University. 

Bruce C. N. Greenwald: lecturer in economics, 
Wesleyan University, July 1, 1973. 
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Joseph Grundfest, London School of Economics: as- 
sociate economist, management sciences department, 
The Rand Corporation, Feb. 1973. 

Fred S. Hoffman: senior economist and director of 
energy research, economics department, The Rang 
Corporation, Feb. 1973. 

James Hosek, University of Chicago: associate econ- 
omist, economics department, The Rand Corporation, 
Aug. 1973. 

Susan Hosek, Northwestern, University: associate 
economist, economics department, The Rand Corpor- 
ation, Aug. 1973. 

Richard W. Hurd, Michigan State University: as- 
sistant professor of economics, Whittemore School of 
Business and Economics, University of New Hampshire, 
Sept. 1, 1973. 


Katsuhito Iwai, University of California, Berkeley: `. 
assistant professor of economics, Yale University, july, 


1973. 
William R. Johnson: visiting lecturer in economics, 
Wesleyan University, July 1, 1973. 


Frederick R. Kaen, Northeastern University: as- 


sistant professor of finance, Whittemore School of 


Business and Economics, University of New Hampshire, 


Sept. 1, 1973. ` 

Daniel Kazmer: assistant professor, department of 
economics, Massachusetts Institute of Technology, 
Sept. 1973. 

Robert E. Klitgaard, Harvard University: associate 
economist, economics department, The Rand Corpora- 
tion, Feb. 1973. 

Cheng-few Lee, State University of New York at 
Buffalo: assistant professor banking and finance, Col- 
lege of Business Administration, University of Georgia. 

Abba P. Lerner, Queens College: professor of eco- 
nomics, Scarborough College, and department of polit- 
ical economy, University of Toronto, July 1973. 

David P. Levine: lecturer in economics, Yale Univer- 
sight, July 1973. l 

Edward B. Leviton, Wilkes College: economist, Bu- 
reau of Economics, Federal Trade Commission, June 
1973; 

Michael L. Lichstein, Massachusetts Institute of 
Technology: assistant professor, department of eco- 
nomics, Ohio State University. 

Wiliam P. Lloyd: assistant professor of banking and 
fnance, College of Business Administration, University 
of Georgia. f 

Howard P. Marvel, University of Chicago: assistant 
professor, department of economics, Ohio State Uni- 
~ versity. 

Adele P. Massell, Division of Policy Research, Of- 
fice of Economic Opportunity: associate economist, 
economics department, The Rand Corporatioi, Feb. 
1973. ie 

George Miaoulis, Jr., New York University: assistant 
professor of ‘business administration, Whittemore 
School of Business and Economics, University of New 
Hampshire, Sept. 1, 1973. 

Marnie W. Mueller: assistant professor of economics, 
Wesleyan University, July 1, 1973. > 

Tridib K. Mukherjee, National Institute of Bank 
Management,’ Bombay: associate professor of eco- 
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nomics, Appalachian State University, Sepa. fi 


F. Patricia Munch, University of Chica ‘associtite a 
economist, economics department, Thé Raith Cope a 


tion, Aug. 1973. <7 

Gary Nelson, Institute for Defense Analyses: eco? 
omist, management sciences department, The Rand 
Corporation, Oct. 1972. 

Phillip Nelson: associate professor, department of 
economics, State University of New York, Binghamton, 
Sept. 1, 1973. 

Marc Nerlove: visiting professor of economics, North- 
western University. 


James E. Nickum: lecturer, economics department, . 


California State University, Long Beach, Sept. 1973. 

Anton S. Nissen: manager, statistics department, 
Federal Reserve Bank of New York. l 

Wiliam H. Oakland, Johns Hopkins University: pro- 
fessor, department of economics, The Ohio State Uni- 
versity. 

John Parknay: economics department, Wells Fargo 
Bank, N.A., -San Francisco, Apr. 1973. 


Harold C. Passer, U.S. Department of Commerce: | 


assistant treasurer, Eastman Kodak Company, Roch- 
ester, New York, Feb. 22, 1973. 

Rolando F. Pelaez: assistant professor, department of 
economics, New Mexico State University. 

William M. Penn, Jr., Ford Motor Company: as- 
sistant professor, department of economics, Loyola 
College, Sept. 1, 1973. 

Walter W. Perlick: assistant professor of finance, 
Colorado State University, Sept. 1973. 

Harvey J. Reed: lecturer, department of economics, 
California State University, Long Beach, Sept. 1973. 

Mark R; Rosenzweig, Columbia University: lec- 
turer in economics, Yale University, July 1973. 


Ivalee M. Skov: lecturer, department of economics, 


California State University, Long Beach, Sept. +973: 
V. Kerry Smith, Resources for the Future, Inc.: 
associate professor, department of economics, State 
University of New York, Binghamton, Sept. 1, 1973. 
Hong K. Sohn: senior lecturer, department of eco- 
nomics, James Cook University, Australia, May i, 1973. 
Hugo F.. Sonnenschein: professor of economics, 

Northwestern University. 

John P. Stein, University of Chicago: associate 
economist, economics department, The Rand Corpora- 
tion, Mar. 1973. 

James M. Suarez: economist, Business Conditions 
Division, Federal Reserve Bank of New York.. 

Lorie Tarshis, Stanford University: chairman, Divi- 
sion of Social Sciences, Scarborough College, and pro- 
fessor, department of political economy, University of 
Toronto, July 1973, 

Velma Thompson, University of California, Los 
Angeles: economist, management sciences department, 
The Rand Corporation, Feb. 1973. 

Khairy, Tourk, University of California, Berkeley: 
assistant professor of economics, Illinois Institute of 
Technology, Sept. 1972. 

Martin Ulrich, Simon Fraser University: r2search 
officer, Ministry of State for Urban Affairs, Ottawa, 
Apr. 1972. 


Finis Welch, City University of New York: profes- 
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scr of economiss, University of California, Los Angeles, 
Sept. 1973, and senior economist, economics depart- 
ment, The Rand Corporation, Sept. 1973. . ' 

John H. Wile, Renesselaer- Polytechnic Institute: 
assistant ptofessor of economics, State University. of 
New York, Steny Brook, Sept. 1, "1973. 


J. Holton Wilson, Mount Union College: ‘assistant : 


professor of economics, University of Tulsa, Sept. 1973. 
Wynnelle Wilson, Florida State University: visiting 

assistant professor, department of economics, State 

University of New York, Binghamton, Sept. 1, 1973. 
Daniel Wisecarver, U., S, Department of the Treasury: 


assistant professor, department of economics, Ohio : 


State Universizy.. 

Lorene Yap, The Urban Institute: assistant oe 
department of economics, State University of New 
York, Binghamton, Sept. 1, 1973. 


Joseph À. Ziegler, Clemson University: assistant pro- . 


fessor of economics, University of Arkansas, Sept. 1973. 


Leaves for Special Appointments - 
- Trent J. Bertrand, Johns Hopkins University: visit- 


ing professor, faculty of economics, Thammasat Uni-’ 


versity, Bangkok, 1973~74. 
Benjamin Chinitz, Brown University: visiting pro- 


fessor of economic policy, State University of New ' 


York at Binghamton, fall semester 1973. 

Avery. B. Cohan, University of North Carolina, 
Chapel Hill: visiting professor of finance, department 
of banking and finance, University of Georgia, 1973-74, 

S. Enke, General Electric: director, Foreign As- 


sistance and Development Task Force, Washington, 


Mar. 1, 1973. 

Michael E. Farbmah, University of Glasgow: re- 
search officer, World Employment Programme, Inter- 
national Labotr Office, Geneva, May 1973-Feb. 1974. 

Stanley Lebergott, Wesleyan University: Institute 
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for Advanced Stucly, Princeton, July 1, 1973. 

Seiji Naye, Unversity of Hawaii: visiting profe 
faculty of economics, Thammasat Purere B 
kok, 1972-74. l 

Robert J. Rokr; Brown University: visiting 
fessor, department oz economics, Dartmouth Col 
1973-74. 

" Harl E. Ryder, Jr., Brown University: “visiting 
fessor, department of economics, Stanford Univer 


i 1973-74. ; : mo 
` Resignations | 
A. -Gordon Bal, Iowa State University: Unive. 
of Grelph. . 


Michael R. Darby, Ohio State University: Unive 
. of California, Los Angeles, Feb. 1973. 
Wiliam H. Fceller, University of Akron: Ne 
eastern State College, Sept. 1973. 
Marsha G. Goldfarb, Yale University; June 197 
Robert S. Gold arb, Yale University: George W 
-ington University. June. 1973. 
-Jokn J. Hooker, University of. ‘Texas-El Paso: 
Worth National Corporation, Apr. 16, 1973. 
F. Thomas Juster, National Bureau of Econ 
Research: University of Michigan, May 1, 1973. 
Stephen E. McGanghey, Iowa State Univer 
International Development Bank. 
John J. McGowan, Yale University: Charles’ F 
Associates, Inc. , Cambridge, Mass., June 1973. 
Prithvi R. Mataur, University of Akron. 
John Peter Mattila, Ohio State University: 1 
State University, Sept. 1973. . 
Richard D. Porter, Ohio State University: Fe 
Reserve, Jure 1973. 
James W.. Robinson, Uea of Akron: Vir; 
Polytechnic Institute and State University, Sept. 1 
James T. Turner, University of Akron: Packa 


_ Corporation of America, June 1973. 
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Frank Knight at 70 


Frank Knight as Teacher | 


By Don PATINKIN™ 


I shall write of Frank Knight’ as a 
teacher—and this is really the viewpoint 
from which I can best describe him. For 
I do not feel that I have the necessary ex- 
pertise in the theory of uncertainty and in 
capital theory—and certainly not in social 
philosophy—to provide a critical evalua- 
tion of Knight’s fundamental contribution 
to these fields. Nor do I have any basis to 

* Professor of economics, The Hebrew University of 
Jerusalem. Appropriately enough, the first draft of this 
memoir was written while serving during the fall of 1972 
as Ford Foundation Visiting Research Professor of Eco- 
nomics at the University of Chicago. And though the 
pages which follow are by their very nature a personal 
document, I have nevertheless greatly benefited from— 


and am grateful for—the opportunity afforded by this 
visit of discussing them with D. Gale Johnson, T. W. 


Schultz, George Stigler, Roger Weiss, and other people 


at Chicago who knew Frank Knight well. I am also 
indebted for helpful comments on earlier drafts to 
Yoram Ben-Porath, Martin Bronfenbrenner, Clarence 
Efroymson, Richard Freeman, William Ginzberg, 
Giora Hanoch, Ephraim Kleiman, Leonardo Leiderman, 
Akiva Offenbacher, David Marawetz, Jerome Stein, 
Lester Telser, Menahem Trajtenberg, and Menahem 
Yaari. In view of the personal nature of this memoir, 
it is really unnecessary to say that none of these indi- 
viduals bear responsibility for the description that 
follows. 

I would also like to express my appreciation to 
George Stigler for making Knight’s unpublished papers 
(which are in his custody) available to me, and to Glen 
Gilchrist (who has catalogued these papers under Stig- 
ler’s direction) for guiding me through them and xerox- 
ing requested materials. I wish finally to thank Mark 
Wang at the University of Chicago and Akiva Offen- 
bacher at the Hebrew University of Jerusalem for their 
valuable technical assistance, ‘and Kathryn Bates and, 
especially, Vera Jacobs for patiently and accurately 
typing this memoir through its various drafts. Iam also 
grateful to the University of Chicago, the Central Re- 
search Fund of the Hebrew University, and the Israel 
Academy of Sciences and Humanities for research 
grants that made this and other assistance possible. 

With regard to articles listed in the reference section, 
page numbers shown in the text refer to the reprinted 
version, and not to the original. 

l Frank Hyneman Knight: born, McLean County, 
Illinois, November 7, 1885; died, Chicago, Illinois, 
April 15, 1972. 
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write of him as a colleague. On the other 
hand, my most vivid memories of Knight 
even today are from the days when he was 
one of my teachers at the University of 
Chicago (1941-47). Indeed, I saw him 
afterwards only a few times. Furthermore, 
my own work in economics has largely: 
been in fields that were not his major con- 
cern, and so I read—or reread—little of his 
work after my student days. 

Thus the picture of Knight that I shall 
draw here is primarily the one that I re- 
member seeing as a student—through the 
window on the life of his teacher that is 
open to a student. It is thus a picture of 
only one aspect of Frank Knight’s life— 
though obviously an important one. And 
I am fully aware that—like any picture 
based on personal impressions and mem- 
ories—it is one that also reveals something. 
about the viewer. 

What is the mark of a great teacher? It 
is first and foremost the qualities he con- 


The bare facts of Knight’s academic career as given 
by the 1969 Handbook of The American Economic Asso- 
ciation are as follows: Ph.B., Milligan College, Tennes- 
see, 1911; B.S., M.A., University of Tennessee, 1913; 
Ph.D., Cornel University, 1916; instructor of econom- 
ics, Cornell University, 1916-17, University of Chicago, 
1917-19; associate professor and later professor of eco- 
nomics, State University of Iowa, 1919-27; professor of 
economics, University of Chicago, 1927-45; distin- 
guished service professor of social sciences and philoso- 
phy, 1945-52; emeritus after 1952. 

A bibliography of Knight’s writings for the period 
1915-35 appears at the beginning of his Ethics of Com- 
petition (1935, pp. 11-18). For other details of Knight’s 
life, as well as a general description of his work, see 
James Buchanan; see also Joseph Dorfman, pp. 467-79, 
767-70, et passim). On Knight’s days as a graduate 
student at Cornell—and his shift then from studying 
philosophy to economics—see the description of his re- 
nowned teacher there, Alvin Johnson (1960, pp. 227-28, 
231). (I am indebted to Edward Shils for this reference.) 
See also the biographical sketch of Knight that appears 
elsewhere in this issue. 
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veys by his very presence in the classroom: 
his personal integrity and his intellectual 
curiosity and stimulation; his humility and 
his breadth of interests. 


And it is, secor:dly, the insights and 


understanding—the new ways of looking 
at things—that he transmits to his stu- 
dents. Frequently these insights are orig- 
inal to him; but even when they are not, 
they reflect his judgment as to what is 


Important in the existing body of knowl- 


edge, and hence worthy of emphasis. And 
it is the mark of a great teacher that the 
insights he thus passes on to his students 
do indeed remain important: that they 
continue to guide their thinking many 
years later; and that these students in turn 
consider the insights so important as to 
wish to pass them or: to their own students 
as well. . 

In all of these ways Frank Knight was a 
great teacher. 

Tam afraid that I did not think so in my 
first contact with him when I tried sitting 
in on his course on ‘‘Price and Distribution 
Theory” (Economics 301), the first course 
in economic theory required of all gradu- 
ate students. I found myself then quite 
confused by the middle-aged (he was then 
in his late 50’s), medium-height, plumpish 
and moustached man who stood at the side 
of the large elliptical wooden table in one 
of the seminar rooms on the first floor of 
the Social Sciences Research Building-— 
leaning on the back of a chair, occasionally 
puffing on a corn-col pipe—and rambling 
on in a high-pitched voice and in a dis- 
jointed manner on mysterious issues that 
certainly cast no light on the newly re- 
vealed truth which was then being en- 
thusiastically expliceted everywhere—in 
words, in graphs, as well as in mathemati- 
cal formulas—of ‘‘marginal revenue = mar- 
ginal cost.” And after a few such bewilder- 
ing experiences, I gave up in despair. 

But not for long. The following year I 
registered for the course, and this time suc- 


THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1973 


ceeded in taking fairly coherent classnotes. 
But I must admit that my greatest plea- 
sure end benefit from the course came 
when, toward the end of my graduate 
studies, I sat through it once again. 

Many factors lie behind this long road 
to uncerstanding and appreciation. First 
of all, Knight gave little emphasis in his 
teaching to those things to which the be- 
ginning graduate student is normally at- 
tractec—namely the technical aspects of 
the discipline, and the newer the better. In 
part this was due to the fact that Knight 
was just not interested in these aspects— 
and in Dart because he took this knowledge 
for granted and wanted to get at the more 
fundamental issues that lay behind the 
assumptions and implications of the analy- 
sis. And this was not simply a reflection of 
the period and of the generation—for my 
classnoces of Jacob Viner’s contempo- 
raneous version of the Economics 301 
course show that Viner (in addition to 
being concerned with the broader issues of 
analysis and scholarship) gave consider- 
ably more emphasis to the technical as- 
pects of the analysis than did Knight. 
Thus, for example—as might be expected 
from his famous article on ‘Cost Curves 
and Supply Curves” (1931)—Viner pro- 
vided a fairly detailed presentation of the 
properties of these curves under the as- 
sumptions of imperfect as well as perfect 
competition, though (as I shall note later) 
Knight too discussed the theory of imper- 
fect competition. 

But tais was not the only cause of the 
beginnirg graduate student’s difficulties 
with Kright’s course. For, quite frankly, 
Knight was not a good teacher in the sense 
of systematically introducing and develop- 
ing a sutject. Nor did he make a pedagogic 
effort to motivate the student to under- 
stand the subject in question by explicitly 
relating it to the general framework of eco- 
nomic analysis. All this, Knight took for 
granted as being known to the student— 
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and devoted himself instead to forcing the 
student to rethink the basic issues of eco- 
nomic theory as he saw them. 

Another difficulty with Knight’s lec- 
tures was that at crucial points they fre- 
quently (and unawares to the student) 
turned into brief and cryptic summaries of 
views that Knight had developed at length 
in various of his writings—to which for the 
most part Knight did not explicitly refer. 
Thus a brief reference to the invalidity of 
“productivity ethics” or to “commutative 
justice versus distributive justice” could 
hardly convey the depth and meaning of 
Knight’s famous essay on “The Ethics of 
Competition.” Nor could passing ref- 
erences to “real-cost versus alternative- 
cost theories of value” mean much to a 
student who was not aware of Knight’s 
many writings on this question. 

For this reason I remember character- 
izing Knight’s lectures at that time as be- 
ing like a general-equilibrium system— 
which could not be solved until the student 
was familiar with the set of Knight’s 
articles that specified the relationships 
between the various parts of the lectures, 
and thus converted their unknowns into 
knowns. And I still remember my feeling 
of satisfaction when J began to be able to 
see the system of equations as a whole— 
and things began to fall into place. 

There is one further bit of background 
information that I feel is relevant to my 
picture of Knight. The teachers of eco- 
nomic theory during my student days at 
Chicago included not only Frank Knight 
and Jacob Viner, but also Oskar Lange— 
who was the antithesis of Knight, and not 
only on political grounds. Where Knight 
devoted much attention to probing (in his 
rambling and often obscure manner) into 
the meaning of the basic definitions and 
assumptions of the analysis (“perfect 
competition,” “perfect foresight,” “wants,” 
“costs,” “capital,” “equality,” and the 
like), Lange (in his contrastingly clear and 
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systematic manner) was primarily con- 
cerned with drawing the logical implica- 
tions of these assumptions. So where 
Knight taught economic theory in a 
loose, “literary,” philosophical fashion— 
and was antipathetic to mathematical 
economics*—Lange was formal, rigorous, 
complete, and frequently made use of 
mathematical tools (not to mention his 
invaluable course in Mathematical Eco- 
nomics). And where Knight was basically 
not sympathetic to the new developments 
in economic theory (read: Keynes and 
Hicks)—and even, I would say, instinc- 
tively critical of them-—-Lange was an 
early convert as well as an efficient ex- 
positor and refiner.2 Thus Knight and 
Lange complemented each other in a 
most wondrous way—thereby increasing 
the productivity of each of them in the 
teaching process. From the implicit dia- 
logue that thus took place between these 
two teachers, we students were the direct 
beneficiaries.‘ 


2 “The mathematical economists have commonly 
been mathematicians first and economists afterward, dis- 
posed to oversimplify the data and underestimate the 
divergence Letween their premises and the facts of life. 
In consequence they have not been successful in getting 
their presentation into such a form that it could be 
understood, and its relation to real problems recognized, 
by practical economists” (Knight 1923, p. 49). 

3 See Lange’s 1938 model of the General Theory in his 
“The Rate of Interest and the Optimum Propensity to 
Consume” and his use and elaboration of the analytical 
tools of Value and Capital in his Price Flexibility and 
Employment (1945). 

4 Unfortunately, neither side to this dialogue—and 
even more unfortunately, practically nobody at Chicago 
at that time—represented the empirical approach to 
economics in the sense of ‘the statistical analysis of 
quantitative data. From the death of Henry Schultz in 
1938 and until the advent of the Cowles Commission in 
the mid-1940’s (whose major concern at that time was 
not only the methodology of econometric models, but 
also the actual construction of such models for the U.S.. 
economy), this component of a good education in eco- 
nomics was almost entirely absent from Chicago. It 
should, however, be noted that empirical economics had 
not achieved the recognized position it now has in the 
profession, and was accordingly absent from many (if 
not most) of the other leading academic centers as well. 
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- I. Knight the Theoretical Economist 


What were the main features of this 
world of Knight’s? It was first and fore- 
most (“If you don’t learn anything else 
from me, then learn this. ..”) the notion 
of social organization—and the economic 
system as a means of fulfilling certain 
basic functions of any such organization: 
the system whose exact structure varies 
from society to society, but which for 
every one of them must answer the basic 
questions about what goods and services 
to produce, how to produce them, how to 
distribute them among the members of the 
society, and how to provide for the future 
of the society. The fruitfulness of this view 
of economics is well-attested by the fact 
that it has been adopted by such widely 
used elementary textbooks as those of 
Samuelson, Lipsey, and others, as to 
have become by now a commonplace.’ 

Another basic element of Knight’s 
teaching was the view that the study of 
man—including economic man—could not 
proceed within the same deterministic 
framework as the study of nature. For the 
behavior of man must also express his 
freedom of will—to which there is no 


ë Knight discussed these basic functions in his 1933 
booklet on The Economic Organization. This reproduces 
the four chapters that Knight first published in 1932 in 
the book of readings that was prepared specially for the 
famous social science survey course developed during 
the 1930’s at the College of the University of Chicago. In 
the bibliography of Knight’s work that appears in the 
Ethics of Competition (1935c, p. 15) these chapters are 
described as “an abstract of material mimeographed for 
private circulation at the University of Iowa during the 
years 1922-25.” (This is apparently the material that 
. has been found among Knight’s papers and catalogued 
under the title “Economics, 1920’s.” In any event, this 
material does contain an approach to economic analysis 
in terms of the functions of an economy.) For further 
details on the dating of this material, see fn. 1 in my 
paper elsewhere in this Review. An early version of the 
discussion of the functions of an economy is to be found 
in Knight’s doctoral thesis, as revised and published in 
his classic Risk, Uncertainty and Profit (1921a, pp. 54 ff}. 
In connection with Samuelson’s approach to economics 
in terms of these functions, see his reference to Knight 
in the second edition of Economics: An Iniroductory 
Analysis (1951, p. 14, fn. 1). See also fn. 8 below. 
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counterpart in the physical world. Hence 
“fully determined” or “perfectly rational” 
human behavier is no behavior at all: for 
such behavior is entirely mechanistic, 
leaving no place for free chaice on the part 
of the individual. (“Does the apple falling 
from tke tree act rationally? The question 
is meaningless—since the apple is subject 
to mechanical forces.’’) Indeed, the proper 
study of human behavior must take into 
account the possibility of error and the 
existence of exploratory ané game-playing 
aspects of such behavior. Correspondingly, 
despite his occasional use of analogies from 
physics, Knight emphasized that we 
“cannot transfer the laws of the physical 
sciences to where human beings are con- 
cerned’ (Classnotes: Econ. 305, 1945). 

In the opening lecture of his theory 
course :n 1942, Knight (according to my 
classnotes) set out his general approach to 
the analysis of the economic system: 

The main theme of traditional eco- 
nomics is that the investigation of theo- 
retical problems can be settled by argu- 
ment, without using inductive argu- 
ment. Discuss things of common 
knowlecge. Most questions solve them- 
selves if correctly stated. No special 
technique necessary. The current ten- 
dency in the literature is a reaction 
against -his view. Want to use inductive 
thinking—getting at facts. Also use 
mathematical techniques—statistics. 
Point of view of this course is not in- 
ductive or deductive in the sense of 
being beyond reach of any educated 
persor. Simple principles of mathe- 


matics to be used. [Classnotes, Econ. 
301, 1342! 


Our Lasic readings for the course were 
from Marshall’s Principles and Daven- 
port’s Economics of Enterprise® In the 


€ The othez reading materials to which we were re- 
ferred (according to my 1942 classnotes from Knight’s 
301 course” were as follows: E. H. Chamberlin, Monopo- 
listic Competition (1942) (mentioned, but not clear if 
assigned as reading); R. F. Harrod, “Doctrines of Im- 
perfect Competition’ (1934); J. R. Hicks, Value and 
Capital, ch. 1 (1939); F. H. Knight, The Economic Or- 
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opening lecture just mentioned, Knight 
referred in the following words to these 
writers and to what he planned to do in 
the course: 


Marshall was in many ways an eclec- 
tic combining supply and demand sides. 
He was a conservative and a defender of 
laissez-faire. Davenport was one of the 
most important and original thinkers.’ 
He was a radical in the negative sense. 
... Davenport was a forerunner of 
Keynes. In certain paragraphs one 
can’t tell whether reading Keynes or not. 

Knight is for reading a couple of books 
and getting conclusions of subject rather 
than reading literature—what people 
have said (as Viner does). Knight inter- 
ested in social applications of economic 
approach; not interested in associating 
points of view with writers, or in puzzle 
solving. The big job of economics is to 
divest people of prejudices—to have 
them see the questions as they are. 
Right now ordinary lay opinion should 
be forgotten as much as possible [by 


ganization (1933a); A. P. Lerner, “Statics and Dynamics 
in Socialist Economics” (1937). In my 1945 classnotes, 
there is also a reference to Knight’s “The Business 
Cycle, Interest and Money: A Methodological Ap- 
proach” (1941). 

Other of Knight's writings that we read in connection 
with this course included: Hthics of Competition (1935d), 
various essays; “The Quantity of Capital and the Rate 
of Interest” (1936); “Diminishing Returns from Invest- 
ment” (19442); and “Realism and Relevance in the 
Theory of Demand” (1944b). Interestingly enough, 
there is only one mention in my notes (in the context 
of a discussion of the nature of profits) of Knight’s 
classic, Risk, Uncertainty, and Profit. Nor do I recall our 
reading this book as students. On the other hand, it is 
clear in retrospect that many of Knight’s classroom dis- 
cussions stemmed from it. 

7 The deep impact—both intellectual and (I would 
conjecture) personal—that Davenport had on Knight 
is most evident from the biographical sketch of him that 
Knight wrote for the Encyclopedia of the Social Sciences 
(1931). Knight’s first contact with Davenport (which— 
as the foregoing sketch makes clear—also included par- 
ticipation in the latter’s classes) apparently took place 
at Cornell during 1916-17, which was the year that 
Davenport came to Cornell (Spiegel, 1968, p. 16), and 
also the year that Knight stayed on there as an instruc- 
tor after receiving his Ph.D. (see fn. 1, above). 

I might also note that the index to Knight’s famous 
“work of his youth,” Risk, Uncertainty, and Profil, con- 
tains more references to Davenport than to any other 
writer besides J. B. Clark. 
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the students, presumably]. [Classnotes: 
Econ. 301, 1942] 


The primary contrast that Knight drew 
in his lectures—and in much of his writings 
over the years—was that between two 
alternative systems for fulfilling the afore- 
mentioned functions: the competitive 
(capitalist) system and socialism. Most of 
his classroom analysis (as well as of his 
writings) was devoted to the competitive 
market system. Here Knight gave an over- 
view of this system in terms of what he 
called “the familiar figure of the ‘wheel of 
wealth’,” (1933a, pp. 60-61, here re- 
produced in Figure 1) which has be- 
come even more familiar to a modern 
generation of economists through its use 
by Paul Samuelson in his introductory 
textbook.? Within the framework of this 
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ê Knight’s first use of such a diagram can be dated 
back to 1926 at the latest (see fn. 5 above). Insofar as 
Samuelson is concerned, see the circular-flow diagrams 
that appear in all editions of his Economics: An Intro- 
ductory Analysis (e.g., 1948, p. 226; 1970, pp. 42, 170, 
and 607). I might note that Samuelson did his under- 
graduate work at the University of Chicago in the 
early 1930’s—and that in reply to my query as to the 
possible origin of his circular-flow diagram in Knight’s 
teachings, Samuelson has indeed confirmed that “T 
[Samuelson] was influenced by Knight’s elementary 
(for him) explanation of how the economic system 
works. In the Social Science Survey Courses I or I, 
1932-3 [see fn. 5 above], I am sure I was assigned it to 
read. And in early editions of my book, I cited Knight 
for How, What, and For Whom” (personal letter to 
author dated April 10, 1973, and cited with Samuelson’s 
kind permission). (For his reminiscences of his days at 
Chicago, see Samuelson (1972a, pp. 158-61; 1972b, 
p. 5).) 

The question of the origins of Knight’s diagram itself 
is an intriguing one that I have discussed at length in a 
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diagram, Knight then proceeded to ex- 
plain how the price system (and more 
specifically, the two sets of prices—those 
of final goods and services, and those oi 
productive services) “‘control[s] the pro- 
cess of production and distribution under 
free enterprise” (1933a, p. 62). 

The distinctive elements of Knight’s 
exposition began with his criticism of the 
term “competition” as a description of the 
system. This term, emphasized Knight, 
had a connotation of personal competition: 
whereas the system of perfect competition 
was an impersonal one. With whom, asked 
Knight, was the farmer—producing his 
agricultural output in a perfect market— 
competing? Thus the use of the term was 
misleading in failing to bring out that so- 
called system of competition was a system 
that actually brought about the coopera- 
tion (though again, in an impersonal 
manner) of economic units in carrying out 
the productive processes of the economy. 
The basic characteristic of this system— 
and once again Knight prefaced his discus- 
sion here (as in many other contexts!) with 
the injunction “If you don’t learn any- 
thing else from me, then learn this... ”’— 
was that the exchanges which take place 
under this system are to the mutual ad- 
vantage of both parties to the exchange. 
Indeed, this—according to Knight—was 
the major innovation of Adam Smith, 
though one that was frequently not under- 
stood even to this day. And he would fre- 
quently refer to the levying of tariffs as a 
flagrant example of the continued failure 
to understand this fundamental of eco- 
nomic analysis. 

In analyzing the productive process, 
Knight emphasized that it was one in 
which (like in the usual production func- 
tion of today) output was essentially simul- 


note that appears elsewhere in this Review. This also 
describes the different uses that Samuelson has made of 
the circular-flow diagram in the various editions of his 
textbook. 
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taneous with input—and he thus criticized 
the classical model of (agricultural) pro- 
duction as well as the Austrian production- 
period model of capital theory, both of » 
which presented output as following in- . 
puts wita a time lag. Knight also em- 
phasized that essentially what was pro- 
duced (and, even more so, consumed) was 
not goods, but services—though (he ad- 
mitted) the distinction tended to vanish in 
the cas= of perishable goods which were 
immediately destroyed in the process of 
consumption. 

In his analysis of production, Knight 
devotec much attention to an explana- 
tion of the proper meaning of the law of 
diministing returns. In this context he. 
made the distinction—now to be found in 
many price-theory textbooks—between 
the three regions of the total output curve 
under tne assumption of constant returns 
to scale (see Figure 2): region I, in which 
the average product of the variable factor, 
A, is rsing; region II, in which both 
marginal and average product of A are 
declining; and region III, in which the 
marginal product of A is negative: Knight 
went on to emphasize the symmetry be- 
tween regions I and III that expresses 
itself in the fact that just as the marginal 
product- of the variable factor A is nega- 
tive in zegion III, so must the marginal 
product, of the fixed factor B be negative 
in region I. Hence, said Knight, in the 
real worlc we are always in region IT 
(see 192.a. pp. 97-102).? 

Within the foregoing framework Knight 
forcefully expounded an “alternative” or 
“opportunity cost” theory of value that he 
contrasted with the classical “real” or 


® For exemples of textbook discussions of Knight’s 
“three regions,” see Stigler (1952, p. 115), Ferguson 
(1969, p. 130), and Grunfeld, Liviatan, and Patirkin 
(1963, pp. 5-19). Some price-theory textbooks today 
make use oi the assumption of “free disposal” and thus 
draw the production curve as Obce instead of Oabed, or 
else simply draw only the relevant segment of the curve, 
be. 
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“subjective” or “pain cost” theory of 
value—to the clear disadvantage of the 
latter. I mentioned before that the begin- 
ning student frequently did not under- 
stand the issues that Knight was discussing 
in the classroom until he had found his 
way to those of Knight’s writings that 
dealt with these issues (and in this case 
Knight’s 1935 article on “The Ricardian 
Theory of Production and Distribution” 
was particularly relevant). I might now 
add that in this case the student’s under- 
standing was also advanced in the course 
of his studies as he became aware (through 
exposure to Viner’s version of the Eco- 
nomics 301 course) that this was not a 
dead issue, but part of a running debate 
that Knight was carrying on with Viner. 
And I must admit that Knight’s presenta- 
tion of the issue in terms of absolute right 
and wrong (as he was wont to do) was 
less helpful than Viner’s resolution of the 
debate in terms of including in the in- 
dividual’s calculation of alternatives his 
subjective tastes for the pains and plea- 
sures he derived from the various labor 
services he could sell in the market. 


In any event, I still find that it deepens 
one’s understanding to follow Knight in 
emphasizing that Adam Smith’s deer was 
worth two beaver not because of the fact 
per se that a unit of labor was involved in 
the catching of each, but because this 
fact implied that the cost of catching a 
deer were the two beaver that could al- 
ternatively have been caught. Hence (in 
Knight’s terms) the market price for a 
deer had to be two beaver: for otherwise 
there would be a discrepancy between 
what the individual had to forego in order 
to obtain a (say) deer “directly” (viz., by 
hunting it) and “indirectly” (viz., by 
hunting beaver, and exchanging them for 
the deer), so that market forces of excess 
supply (or demand) for deer would auto- 
matically reestablish the price of two 
beaver to one deer, should it deviate from 
this level. 

A basic part of Knight’s theory course 
was devcted to the theory of demand, and 
to the Marshallian demand curve in par- 
ticular. In this context Knight was less 
receptive than he might have been to 
indifference-curve analysis, and there may 
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indeed bé hints of a somewhat more posi- 
tive attitude to this analysis in his Preface 
to the 1948 reissue of Risk, Uncertainty, and 
Profit (p. xtvut). After all, indifference- 
curve analysis did not challenge anything 
basic in Knight’s general approach, so 
that I feel that his opposition to it was at 
least in part a reflection of his reluctance 
at that time to change traditional modes 
of thought. 

Still, Knight's detailed critique of Hicks’ 
exposition of indifference-curve analysis 
did provide the student with a deeper 
understanding of its assumptions. It also 
enabled Knight to draw a sharp and in- 
structive distinction between the demand 
curve that Hicks generated by changing 
the price of the good in question while 
keeping all other prices and money income 
constant—so that real income changed 
along the demand curve; and the Marshal- 
lian demand curve, in the generation of 
which (according to Knight) other prices 
were changed so as to keep real income 
constant (1944b, 1946). This interprèta- 
tion of the Marshallian demand curve was 
also stressed by Viner in his version of the 
Economics 301 course (Classnotes, 1944), 
and so can well be said to be part of a 
Chicago tradition.?° 

As already noted, Knight discussed (and 
referred us to the relevant readings on) the 
theory of monopolistic competition—in- 
deed, to an extent greater than one might 
infer from some of the things that have 
been written on the attitude of the Chicago 
school to this theory." It is, however, true 
that Knight was critical of Chamberlin’s 
concepts of imperfect competition, and 
denied that the possibility that an ‘. . . en- 


10 See the similar interpretations—based on texts 


from Marshall’s Princtples—in Friedman (1949) and 


Patinkin (1963). 

u See Archibald (1961) and the references to Stigler 
and Friedman there cited, as well as the subsequent 
exchange (1963) between all three of these economists. 
See also Miller (1962, p. 67). 
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terprise can have a diminishing [i.e., nega- 
tively sloped] demand curve but still no 
monopoly profits... corresponded to fact” 
(Classastes, Econ. 301, 1942). 

The most distinctive part of Knight’s 
theory course had to do with his theory of 
capita—and one cannot but be impressed 
by the modern flavor of what he taught 
here. First of all, Knight railed against the 
traditional classical “trinity of factors of 
production’—land, labor, and capital. 
There was little in the productive process 
that Kright was willing to identify with 
the ‘‘orizinal and indestructible forces of 
nature” that the classical economists had 
defined as “land.” Agricultural land, too— 
emphasized Knight—had to be developed 
and meintained just like any other capital 
good. Similarly, the productive process of 
labor reflected primarily not “native 
qualities,” but the artificial qualities which 
constituced human culture. Thus there is 
no basic distinction between most of the 
income received by labor and that re- 
ceived by capital. In the terminology of 
the more recent ‘‘Chicago school” asso- 
ciated with the names of T. W. Schultz, 
Gary Eecker, and others (and I suspect 
that Ka:ght had some direct or indirect 
influence on their thinking, too), Knight 
viewed most of labor income as returns to 


“humar. capital” and stressed the role of 


the family (both genetically and socially) 
in endowing its children with this capital. 
Thus Kaight was not very far from classi- 
fying all of the factors of production under 
the one general title “capital.” 

In his more formal treatment of capital 
theory, Knight—like J. B. Clark before 
him (1899)—-emphasized the basic distinc- 
tion between specific capital goods in the 
concrete—which are periodically worn out 
and reproduced, and the stock of capital 
in the a>stract—which is permanent, and 
which w-th the exception of a few historical 
periods (for example, periods of pro- 
longed warfare) has been continuously 
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growing over the course of human history. 
(See Knight, 1936, p. 434.) And a capital 
good has value only by virtue of its 


being the source of the stream of services © 


—and hence of income—that flows from it. 

The economic explanation of the rate of 
interest is to be found in the productivity 
of capital. Time preference is not a cause of 
interest, but the result of it; because inter- 
est can be earned by deferring present 
consumption to the future and investing 
the savings in the meantime, the individual 
can not be in equilibrium unless a dollar’s 
worth of present consumption exceeded 
the value to him of a dollar’s worth of fu- 
ture consumption by precisely the interest 
that could alternatively be earned by 
abstaining now from consumption. I 
should also note that Knight’s emphasis on 
the fact that capital in the abstract—or 
wealth—was continuously growing over 
time led him to reject the Fisherine notion 
that individuals save in the present only 
in order to finance increased consumption 
in the future. 

And since the rate of interest is de- 
termined by the productivity of capital, it 
is (as Lerner (1953), Haavelmo, and others 
were later to emphasize) the total stock 
of capital that is relevant to this analysis— 
and not the flow of current investment, 
which by its very nature is small relative 
to the total stock of existing capital, and 
hence can have little effect on its marginal 
productivity. (See Knight 1932a, pp. 


262-63; 1936, p. 622.) (I might note that ` 


this concern with the time dimensions of 
the various economic variables was a 
constant characteristic of Knight’s analy- 
sis—emphasized, for example, also in his 
treatment of the different “runs” of Mar- 
shallian cost and supply curves (Knight, 
1921b, pp. 186-216).) 

On the basis of this approach to capital 
theory, and with the aid of his historical 
perspective, Knight continued to insist— 
even in the face of the huge quantities of 
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idle plant and equipment of ‘the greatest 
depression in history, and the contrary 
contentions of the “secular stagnation- 
ists” who dominated economic thinking in | 
the decade after the General Theory—that 
in the real world there is no tendency 
toward a diminishing return to capital, so 
that from the long-run viewpoint the 
demand for capital is infinitely elastic. 
Accordingly he rejected as unrealistic the 
classical notion of a long-run equilibrium 
quantity of capital that would characterize 
a stationary state to which the normal 
development of the economy would al- 
legedly lead (Knight, 1936, 1944a). 

These conclusions resulted from Knight’s 
fundamental contention that the very 
process of increasing the stock of capital 
must of necessity change the “given condi- 
tions’ which are supposed to generate 
diminishing returns. This contention was 
connected, first of all, with Knight’s inclu- 
sive concept of capital as encompassing all 
factors of production, so that capital 
formation in the real world would lead to 
the augmentation of all productive agents, 
thus leaving no fixed factor which would be 
the source of diminishing returns. 

Secondly, stressed Knight, “...it is 
practically impossible to imagine any in- 
vestment activity in the real world which 
is not in some degree rationally experi- 
mental, in the sense of being reasonably 
expected to lead to new knowledge having 
some enduring economic significance. That 
is, all investment consists, in part, of in- 
vestment in new knowledge.” On the other 
hand, “... we can hardly think of new 
knowledge being applied without con- 
siderable accompanying expenditure on 
new instruments. This is even more un- 
realistic than the converse case, previ- 
ously discussed” (1944a, pp. 40-42), 

In brief, Knight’s “growth model” was 
one in which all investment generates 
“learning by doing,” and all technological 
change is ‘“‘capital-embodied.”’ 
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Finally, another <actor acting against 
diminishing returns was the fact that 
wants did not remain constant, but were 
changing. “Moreover, it is a familiar fact 
that in real life much investment actually 
takes the form of creating or changing con- 
sumers’ wants and that the result appears 
in the capital and profit-and-loss accounts 
of an enterprise” (Knight, 1944a, p. 37). 

As an aside, I might conjecture that we 
can find in Knight’s capital theory one 
of the main sources of his objections (on 
theoretical, as distinct from «political, 
grounds} to Keynes’ General Theory. 
Knight -could not accept. the implications 
of this book that the rate of interest was 
related to the flow of current investment, 
and not (as Knight had emphasized) the 
existing stock of capital. Nor could Knight 


entertain the notion of a long-run stag-. . 


nating economy in which the rate of in- 
terest was driven down to zero. Finally, 
Keynes’ presentation of the rate of inter- 
est as a monetary, and not a real, phe- 
nomenon was anathema to Knight (1937, 
pp. 112-13; 1941, p. 221-23; see also 1960, 
pp. 81, 92). 

In any event, Knight’s continued em- 
phasis on the dynamic and progressive 
aspects of the real -world—and hence the 
inappropriateness of analyzing it in terms 
of a static model—was one of the most im- 
portant messages that he conveyed to his 
students. As already noted, he conveyed 
this message not only with respect to the 
conditions of production, but also with 
respect to those of demand. Thus Knight 
never tired of emphasizing that wants did 
not remain constant, but constantly ex- 
panded over time; that the concept of 
“minimum” or ‘‘subsistence needs” was 
not a phvsiological one, but the value 
judgment of a society at a given point of 
time as to what the minimum standard of 
living of its members should be; and that, 
accordingly, this minimum increased over 
time with the society’s general ‘standard 


DECEMBER 1973 


of living. Correspondingly, emphasized 
Knigh=, the theory that wages were exog- 
enously determined by the subsistence 
needs o> workers was nonsense. 

In this context Knight also contrasted 
the view on the adjustment of wants to 
available resources in Western culture, as 
contrasted with ascetic cultures, such as 
the Bucdhist one: the former attempts to 
make tne adjustment by increasing re-`- 
sources; the latter, by denying wants. And 
I seem to recall Knight’s commenting that 
from toe long-run viewpoint, this denial 
of wants was the only way that a definitive 
adjustrnent of wants to resources could be 
achieved: for history had shown that 
Western society created new wants just as 
fast as “if not faster than!) it expanded the 
means » satisfying them. 

The social determination of wants was a 
theme chat Knight also emphasized in his 
joint (with Charner M, Perry of the 
philosophy department) seminar on ‘‘Eco- 
nomics and Social Institutions’ (Econ. 
305). In this sense, then, Knight was an 
institutionalist. On the other hand, he was 
not an institutionalist in the sense of ad- 
vocating the historical or statistical ap- 
proaches to economics. On the contrary, 
as I indicated above, Knight’s approach to 
economics was definitely non- (if not anti-) 
empirical. Indeed, I have a vague recollec- 
tion of Knight (though it might have been 
Viner) referring to the excellent fits that 


‘have been achieved with the Cobb- 


Douglas functicn—and wryly adding that 
nobody zeally understood why such con- 
sistently good findings emerged from such 
variegated data!” In a broader sense of the 
term, kowever, Knight was much con- 
cerned with empirical facts: and I am 
referring once again to Knight’s insistence 


12 Still, ome of the few instances in his writings in 
which Knizht cited a statistical estimate of an economic 
magnitude was his citation of the Cobb-Douglas esti- 
mate of the elasticity of demand for capital! (1936, 
p. 623). 


`~ 
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on basing his analysis of investment and of 
the wants that lie behind demand on what 
he discerned as the salient dynamic fea- 
tures of the real world. 

These were some of the distinctive fea- 
tures of Knight’s teaching of economic 
theory. Actually, however, he also con- 
veyed these messages in his teaching of the 
“History of Economic Thought” (Econ. 
302), where his detailed critique of the 
Ricardian system (1935a) was the vehicle 
by which Knight made clear the main fea- 
tures of his own analytical framework. 
For this reason this history was live and 
current for us as students. Here too, how- 
ever, I must admit that part of this live- 
liness stemmed from our realizing that the 
evaluation of Ricardo was also the subject 
of a running debate between Knight and 
Viner, where in contrast with the analyti- 
cal genius whom Viner depicted, Knight 
depicted a Ricardo who represented a 
retrogression from the achievements of 
Smith: primarily I think, because of what 
Knight regarded as Ricardo’s greater 


“emphasis on—and formalization of—the 


labor theory of value. Indeed, Smith— 
according to Knight—did not believe in 
the labor theory of value (Classnotes, 
Econ. 302, 1945). 

Knight devoted most of his “History of 
Thought” course to the classical school, 
and in this connection had us read the 
relevant texts from Smith, Ricardo, Senior, 
and Mill. He then set us the task of 
presenting what we had learned about this 
school in a term paper (which had become 
a standard feature of the course) on “The 
Classical Cost-of-Production Theory of 
Price.” The remainder of the course was 
devoted to the Austrian “‘subjective-value 
revolution,’ with a few passing remarks 
added with reference to the institutional- 
ists. As already indicated, there was much 
overlapping between this course and 
Knight’s theory course proper—though 
the emphasis of the latter was on the 
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Marshallian synthesis of the meal and 
Austrian approaches. 

There is one aspect of Knight’ s treat- 
ment of the history of economic thought 
that continues to puzzle me: despite 
Knight’s broad historical interests—and 
his 1926 translation of Max Weber’s Gen- 
eral Economic History—-Knight made prac- 
tically no attempt to relate the develop- 
ment of economic thought to the con- 
temporaneous historical developments. At 
one point in his “History of Economic 
Thought” course—after distinguishing 
several “epochs of economic thought”! — 
he went on to say that we “have to 
examine the historical contexts of the 
economic writings of these periods” (Class- 
notes, Econ. 302, 1945). But Knight him- 
self did little further along these lines— 
except for some passing remarks in his 
discussion of Ricardo’s work.“ Instead, 
Knight’s approach to the history of 
thought was that of providing a purely 
logical criticism of the nature of the 
assumption made by the various schools of 


' thought, and the validity of the conclu- 


sions that they drew from them; he was 
concerned almost solely with the logical 


13 Namely: “I. Tribal Society and Ancient Empires— 
in which we do not know how much economic thought 
went on; II. Greece and Rome; III. Middle Ages; 
IV. Economic nationalism: Mercantilism (16th-18th 
centuries); and V. Individualism-liberalism” (Class- 


` notes, Econ. 302, 1945). 


4 “Ricardo in the main was not interested in 1 equi- 
librium theory, but in the reasons for historical changes: 
especially in the pressure of increasing population on 
increasing wealth and constant natural resources. 
Ricardo was interested in what happens to wages... 
If you project yourself to England of 1815 you can 
justify this somewhat in terms of what happened during 
Ricardo’s Efe. About 1770 England began to export 
manufactured goods and import raw produce—whereas 
the converse was true before. There were great techno- 
logical advances [in England]. Then the war cut off 
importation into England, and so had great increase in 
agricultural pressure on land. Ricardo was really think- 
ing of revolutionary changes in relative value of agri- 
cultural ard industrial products” (Classnotes, Econ. 
302, 1945). 
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consistency of the theories he was exam-’ 


ining. 

At the seats of this memoir I re- 
ferred to Knight’s humility—and he was 
indeed humble with respect to the limits 
of knowledge in general, and of economics 
in particular. (“I once asked a historian 
of medicine when he thought doctors began 
curing more people than they killed. 
‘Well’ he answered, ‘I think that that will 
be in another generation orso’.’”’) But when 
it came to things that it was given to 
mortals to understand, Knight (as im- 
plied by my description here of his many 
disagreements with other economists) was 
a vigorous critic and polemicist—though 
more so in print and in formal lectures 
than in his classroom discussions. And 
even in those cases where it was Frank 
Knight against the field, we students were 
left in no doubt as to where the truth lay: 
“You can be with the majority—or you 
can be in the right.” 


IJ. Knight the Radical Economist— 
and the Conservative 


The general image of Frank Knight in 
the profession is of a conservative economist 
whose outstanding students over the years 
(for example, Henry Simons in the 1920’s, 
Milton Friedman and George Stigler in the 
1930’s, and James Buchanan in the 1940’s) 
were and are among the leading representa- 
tives of this position. So it seems odd at 
first to think of Frank Knight as a radical 
economist—but that is one of the sharpest 
impressions that I have of him. 

Knight was not, of course, a radical in 
the sense of being an advocate of Marxian 
economics: he had little patience with— 
and, indeed, had intellectual contempt for 
—the labor theory of value. His criticism 
of this theory was expressed in a general 
way in the course of his analysis of 
Ricardian economics, mentioned in the 
preceding section. But he also dealt in a 
direct—and pithy—manner with some of 


modern day “radical economists” 
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the basic Marxist tenets. And here Knight 
revealed one of his major strengths: his 
ability to make telling points by resorting 
to obvious facts—whose implications, how- 
ever, were not at all obvious until he 
drew them out. 

Thus, said Knight, it was “nonsense” to 
say that labor created capital: “Capital 
was produced by capital and labor working 
together. Capital is as old as labor” 
(Classnotes, Econ. 302, 1945, emphasis in 
original). 

Similarly fallacious was the subsistence 
theory of wages. First of all (as noted 
above) “subsistence” was itself a changing 
social concept affected by economic cir- 
cumstances, and not a fixed physiological 
concept that could exogenously determine 
the level of wages. Second, if an employer 
were indeed free to determine wages at any 
level he chose, then “f. . . an employer will 
not pay a free laborer a wage high enough 
to enabie him to raise children, since there 
is no guarantee for the employer to gain 
by it” (Classnotes, Econ. 302, 1945). 

But for the modern economist Knight 
was—or, more accurately, could have 
been—a far more effective radical than 
Marx: for in contrast to Marx, Knight 
understood the workings of the market 
system, but he went on by a deeper 
analysis of these workings to deny the 
ethical foundations of this system. In- 
deed, there is little in the writings of the 
as de- 
scribed, for example, by Lindbeck, that 
was not more trenchantly said by Knight 
in his famous essay—published exactly 
fifty years ago—on “The Ethics of Com- 
petition” (1923, especially pp. 45-58). To 
my mind, these thirteen pages are among 
the most radical ever written in eco- 
nomics, and even now they remain sharply 
imprinted in my memory as among the 
most exciting things that I read during my 
student days. 

Knight’s major point in these pages was 


VOL. 63 NO. 5 


that “...in the conditions of real life no 
possible social order based upon a lazssez- 
faire policy can justify the familidr ethical 
conclusions of apologetic economics” 
(1923, p. 49). 

The reasons for this were, first of all, 
that 


... the freest individual, the unencum- 
bered male in the prime of life, is in no 
real sense an ultimate unit or social 
datum. He is in large measure a product 
of the economic system, which is a fun- 
damental part of the cultural environ- 
ment that has formed his desires and 
needs, given him whatever marketable 
productive capacities he has, and which 
largely controls his opportunities... . 
It is plainly contrary to fact to treat the 
individual as a datum, and it must be 
conceded that the lines along which a 
competitive economic order tends to 
form character are often far from being 
- ethically ideal. [1923, pp. 49-50] 


Hence (said Knight) it cannot serve as a 
justification of the market system simply 
to say that it produces goods that satisfy 
the wants of individuals in the economy; 
for a far more fundamental test of any 
system is the nature of the wants them- 
selves that it produces. “ ‘Giving the public 
what it wants’ usually means corrupting 
popular taste” (1923, p. 57). 


Or, again, the statement that the 


market system “works efficiently” is a 
normative statement, and not a descrip- 
tive one: for, said Knight (making use, as 
he was wont to do, of homely analogies 
from the world of physics) by the law of 
conservation of energy, total output is 
always exactly equal to total input; hence 
“efficiency” has meaning only as a measure 
of useful output to input, which means 
that a value judgment must be made as to 
the “usefulness” of the output to society. 
The market system “gets things done’’; 
yes, said Knight, but what things? 

So it should not surprise us that long 
before the recently renewed emphasis on 
the limitations of ‘‘consumer sovereignty” 
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(see, for example, John Kenneth Gal- 
braith, pp. 202-28), Knight was emphasiz- 
ing that wants are not only the product of 
the system in general, but can also be 
specifically influenced by advertising: 


. ©. skill in verbal utterance, or capacity 
in any form to “influence” other persons, 
is a form of economic power. Men have 
lived by their wits from time immemo- 
rial; it was no doubt one of the earliest 
uses of language. Persuasive power is, 
in the first place, a form of “productive . 
capacity” in that skilful - “puffing” 
makes a product more desirable to a 
purchaser and consumer, who in an in- 
dividualistic system is the final judge of 
the merits of products. ... Adam Smith 
and the classical economists, in advo- 
cating freedom of access to the market, 
do not seem to have thought about the 
possibilities of personal influence as a 
serious factor in economic relations; 
advertising and selling technique as- 
sumed importance after Smith’s day 
[1935b, p. 292; see also 1923, p. 51, note] 


Another deficiency of the market system 
is that it tends naturally towards mo- 
nopoly: 


No error is more egregious than that of 
confounding freedom with free compe- 
tition, as is not infrequently done. As 
elementary theory itself shows, the 
members of any economic group can 
always make more by combining than 
they can by competing. The workings 
of competition educate men progres- 
sively for monopoly, which is “being 
achieved not merely by the “capitalist” 
producers of more and more commodi- 
ties, but by labour in many fields, and 
in many branches of agriculture, while 
the producers of even the fundamental 
crops are already aspiring to the goal. 

[1923, p. 52] 


(I should note that in later years Knight 
came to consider labor unions—with their 
growing power—as the most harmful form 
of monopoly in the economy (see for ex- 
ample (1960, pp. 168~70).) 

Knight’s sharpest shafts were reserved 
for his critique of “productivity ethics’— 
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‘the view (that Knight usually associated 


with the name of J. B. Clark) that one 
could attribute an ethical value to the 
income distribution generated by paying 
factors oi production in accordance with 
their respective marginal products. 

First of all, said Knight, because of 
market imperfections in the real world, 
“there is only a ‘general tendency’ to 
impute to each productive agent its true 
product” (1923, p. 55). 

Second, the value of the marginal prod- 
uct deper.ds on its price; and the 

money value of a product is a matter of 

the “demand,” which in turn reflects 

the tastes and purchasing power of the 
buying public and the availability of 
substitute commodities. All these fac- 
tors are largely created and controlled 

‘by the workings of the economic system 

itself, as already pointed out. Hence 

their results can have in themselves no 
ethical significance as standards for 

judging the system. [1923, p. 55] 


And to these two points, Knight added 
his most trenchant criticism of all: 


The income does not go to “factors,”’ 
but to their owners, and can in no case 
have more ethical justification than has 
the fact of ownership. The ownership of 
personal or material productive capacity 
is based upon a complex mixture of in- 
heritance, luck, and effort, probably in 
that order of relative importance. What 
is the ideal distribution from the stand- 
point of absolute ethics may be dis- 
puted, but of the three considerations 
named certainly none but the effort can 
have ethical validity. [1923, p. 56] 


Not only is there no ethical justification 
for the existing distribution of income 
(and, as can be seen from the preceding 
citation, Knight did not distinguish in this 
context between income from labor and 
income frem property), but as a result of 
the cumulative processes at work in the 
market system, the distribution becomes 
increasingly worse: 


... where the family is the social unit, 
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the inkeritance of wealth, culture, edu- 
cetional advantages, and economic op- 
portunities tend toward the progressive 
ircreese of inequality, with bad results 
fcr personality at both ends of the scale. 

[1923, p. 50] 


These words were written in one of 
Knizht’s first articles, when he was a rela- 
tive-y young man (around 35). And I am 
sure that there will be those who will say 
that they represent the “radicalism of 
youh” which Knight later “outgrew.” 

- To tkis I can only say (on the basis of 
my owr classroom experiences) that even 
twenty years later Knight continued to 
consider these criticisms sufficiently. im- 
portant to convey in his lectures to his 
students.» Furthermore, he had earlier. 
repeated many of them in his major essay 
on ‘The Ethics of Liberalism” (1939a, pp. 
45-74). I also find it signiacant that—at 
the age ot 65—he returned to these points 
in what was essentially a statement of his 
credo ir. his presidential address to the 
American Economic Association (1951). 
Similarl, in one of the last articles he 
wrote (1966), Knight made use of the 
foregoing points (and others) to present a 
sharp criticism of a would-be justification 
for the capitalist system by Henry 
Hazktt'-18 Thus the evidence indicates 


15 Taese discussions recurred in all of Knight’s 
courses. They were, however, particularly emphasized 
in a jeint seminar (again, with Charner M. Perry) on 
“Economic Theory and Social Policy’ (Econ. 304). 

16 J 1m indebted to Paul Samuelson for bringing this 
article to my attention. 

47” Severa_ readers of the first draft of this memoir have 
called my attention to a lecture before a student group 
which Knight gave during the presidential elections of 
1932 and which was entitled “The Case for Communism 
from the Standpoint of an Ex-Liberal,” a lecture of 
whose existence I was not hitherto aware. The main 
burder. of this lecture, however, was not Knight’s 
ethical critique cf the economic functioning of the 
capitaLst svstem that has just been described, but a 
scathirg cr-ticism of the inability of a democracy to 
govern itself rationally and efficiently by means of dis- 
cussior—frem which Knight concluded that govern- 
ment Ly a communist dictatorship might be preferable. 
This emphasis is alsc clear from the general title under 
which chis lecture—as well as two others that Knight 
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that Knight’s fundamental ethical critique 
of the actual operation of the market 
economy was an essential part of his 
thinking throughout his life. 

And so at the Chicago of my student 
days it was, ironically enough, the socialist 
Oskar Lange who extolled the beauties of 
the Paretian optimum achieved by a per- 
fectly competitive market—and Frank 
Knight who in effect taught us that the 
deeper welfare implications of this op- 
timum were indeed quite limited. 

All of which raises the question as to the 
sharp contrast between Knight’s incisive 
criticism of the existing system, and his 


gave before student groups at roughly the same time— 
were subsequently multilithed for private circulation: 
namely, The Dilemma of Liberalism (1933b). I might 
also note that Knight included the main substantive 
points of this criticism of the democratic process in his 
essay a few years later on “Economic Theory and 
Nationalism” (1935b), discussed below. 

There is no copy of the Dilemma of Liberalism in the 
University of Chicago library, though there is a copy 
(to which I was directed by Maynard Kreuger) in the 
library of the London School of Economics. A copy 
(though without the title page) is also to be found 
among the papers that Knight left after him. 

I might also note that the sections of the lecture on 
“The Case for Communism from the Standpoint of an 
Ex-Liberal” dealing with the genesis, character, and 
failures of the liberal regime (1933b, pp. 21-45) were re- 
printed in the eighth (1939) edition of the Selected Read- 
ings for the Social Science If survey course (Knight, 
1939b). However, the title of the lecture from which 
these sections were taken (namely, “The Case for Com- 
munism ...”) is blackened out both in the Table of 
Contents of the Selected Readings and at the head of the 
reprinted sections, though it remains partly legible. 
A footnote attached to the blackened-out title indicates 
that the selection reprinted is an “excerpt from a 
privately printed pamphlet.” 

18 I should, however, note the milder tone of some of 
these criticisms in Knight’s 1960 book on Intelligence 
and Democratic Action, written as he approached the 
age of 75. Here Knight also wrote: 


I may say that in the three decades or so since I 
laboriously worked up a lecture on “The Ethics of 
Competition” (given at Harvard University and 
later published as an article in the Quarterly Journal 
of Economics—and still later reprinted in a book) 
I have done quite a lot of thinking about ethics and 
economics, and have perpetrated some wordage in 
print as well as in several university classrooms. 
As a result, I have become even more hesitant 
about speaking very definitely and positively. 

[1960, p. 122] 
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element of Knight’s teachings. Thus 

summarizing his ethical critique of the 
market system in his 1939 “Ethics of 


‘Liberalism,’ Knight went on to conclude 


that 


... society has strong reasons for main- 
taining powerful brakes on departures 
from the “beaten path.” Primitive so- 
clety was wise in its conservatism, for 
it knew at least that the group had 
previously lived somehow, both as in- 
dividuals and as a group. And liberal 
society, it now seems, has acted frivo- 
lously in switching over quite suddenly 
to an extreme opposite set of assump- 
tions, that the new is better than the 
old, that the good consists in change, 
or at least in freedom of the individual 
to make changes; rather than in sta- 
bility. This emphasis on the necessity of. 
an onus probandi in favour of conserva- 
tism and against change, must stand as 
our last word at this point. [1939a, p. 74; 
see also 1935b, p. 286] 


Similarly, in his 1950 presidential address 
he emphasized that ‘...the possible 
amount and speed of free and intelligent 
social change will always be quite nar- 
rowly limited” (1951, p. 276). 

In some cases Knight’s opposition to 
reform proposals stemmed from his belief 
that the proposals in question failed to 
reveal a proper understanding of market 
forces. Thus he opposed price and rent 
controls because he felt that these re- 
flected a failure to understand the func- 
tioning’ of the price system in allocating 
scarce resources. He was particularly 
critical of reform proposals that in his 
eyes committed the original sin of offering 
“something fcr nothing,’!® and he con- 
tinuously decried the age-old human fail- 


19 From which view on life may have stemmed the 
more recent “Chicago tradition” that “there is no such 
thing as a free lunch.” 
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ings that led to the belief in such a possi- 
bility. “A refrigerator generates cold,” he 
would say in another one of his parables 
from physics, “only by conveying heat 
from the inside to some point on the out- 
side. And people just never seem to be 
able to understand that simple fact.” 

But a far more basic source of Knight’s 
conservatism was his view that as bad as 
the existing market system was, the alter- 
natives were even worse! Indeed, this is 
the view to which he adverts in the con- 
cluding paragraph of his discussion in the 


aforementioned “thirteen pages” of his 


“Ethics of Competition”: 


It is expressly excluded from the field 
of the present paper to pass any practi- 
cal judgment upon the competitive sys- 
tem in comparison with any possible 
alternative. But in view of the negative 
tone of the discussion, it seems fair to 
remark that many of the evils and 
causes of trouble are inherent in all 
large-scaie organization as such, irre- 
spective of its form. It must be said also 
that radical critics of competition as a 
general basis of the economic order 
generally underestimate egregiously the 
danger of doing vastly worse. Finally, 
let us repeat that practically there is no 
question of the exclusive use or entire 
abolition of any of the fundamental 
methods of social organization, indi- 
vidualistic or socialistic. Economic and 
other activities will always be organized 
in all possible ways, and the problem is 
to find the right proportions between 
individualism and socialism and the 
various varieties of each, and to use each 
in its proper place. [1923, p. 58] 


To the best of my knowledge, Knight 
never specitied the criteria by which these 
“right proportions’ were to be chosen— 
and I shall return to this point below. 
What I want now to explain is that the 
way in which Knight feared that the 
alternatives could ethically do “vastly 
worse” than the existing market system 
was primarily in their impact on individ- 
ual freedom. For Knight, such freedom 
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was an absolute value: even if people do 
not wart freedom, they ought to want it. 
Furthermore (and here Knight’s historical 
pers>ective reinforced his conservatism) 
liberalism and individual freedom were 
recent historical developments.”° Indeed, 
they might even be said to have been the 
chance product of “a remarkable and 
temporary concourse of circumstances” 
that prevailed during the eighteenth and 
nineteenth centuries. Thus individual free- 
dom was a fragile development—in con- 
stant danger of being destroyed (1935b, 
pp. 287-89, p. 305, note; see also 1960, 
pp. ¢8-39, 108). 

“There has been, and must be, a ques- 
tion,’ said Knight in his critical review of 
Sumner Slichter’s book in favor of eco- 
nomic planning” 

how far it 1s comparatively better 
social policy (J am aware of the redun- 
dancy but wish to be clear) to have in- 
dividuels make their own choices in 
econorric life and how far better to have 
them dictated—by anybody else who 
can be thought of in the position of dic- 
tating them. ... What I want from the 
preachers of control, and do not get in 

[Slichter’s] Modern Economic Society... 

or anywhere else, is something I can 

uncerstand on the subject of who is to 
make the economic choices for the in- 
dividual who admittedly makes them 
quite “cmperfectly,” or kow this choos- 
ing functionary is to be selected, and 
how th2 individual affected is to be 
bronght to accept them; and, in general, 

what kind cf (a) individuals and (b) 

social order the preachers are either 

assuming or working toward. [1932b, 
pp. 823-24, italics in originel] 


Looking back on all this now, I would 
conjecture that an important additional 
element of Knight’s fundamental con- 
servatism—and general opposition to 
“planning?” or other government action 


20 The Greek city-states with their slaves were, in 
Knight’s eyes, hardly in this tradition. 

21 I am ircebted to George Stigler for bringing this 
review acticle to my attention. 
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whose declared aim was the improvement 
of the actual workings of the market econ- 
omy—was his view of the “system of in- 
dividual freedom” as representing a stage 
of unstable equilibrium in the course of 
human history. (I think it is significant 
that the instability of various aspects of 
the macro-world is a recurrent element of 
Knight’s thought: it is reflected, as we 
have seen, in his discussion of the cumula- 
tive tendencies toward inequality and mo- 
nopoly in a market economy; it is also 
reflected in his discussion (to which I shall 
now turn) of the cumulative tendency 
toward the concentration of power; finally, 
in a different context to be discussed below, 
it is reflected in his view of the business 
cycle—and particularly of the cumulative 
movement in it of the absolute price level.) 
In view of the existence of this knife-edge 
equilibrium, Knight feared that any en- 
croachment by the state upon individual 
freedom in the attempt to “improve” the 
economy would generate cumulative de- 
partures from this freedom. 

Be that as it may, the specific ways in 
which he feared that one of the possible 
alternatives to the market system—‘“‘dem- 
ocratic socialism’’”’—could “do worse” 
were spelled out by Knight in his lengthy 
1935 essay on “Economic Theory and 
Nationalism.” Knight’s point of departure 
was that socialism was the extension of the 
political process to the business world. But 
if this extension were carried out within a 
democratic framework (as its advocates 


2 By which Knight meant a representative democ- 


racy that continued to make use of the market, but in - 


which 

... entrepreneurs and property owners... would 
be replaced by administrative officials, who, like 
their prototypes, would theoretically have no dis- 
cretionary power over production, the details of 
organization being determined, just as under the 
theory of enterprise, by consumers’ choices. 

[1935b, p. 307] 


Presumably, Knight had in mind the kind of socialist 
system that Fred Taylor had described in his 1928 AEA 
presidential address, and which Lange (1936, 1937) and 
Lerner (1937) were later to explicate in greater detail. 
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claimed to be interested in doing) then 


... the essential point is that, as it has 
worked out in practice in the modern 
world, democracy is competitive politics, 
somewhat as free enterprise is competi- 
tive economics (though inherently a 
competition for a monopolistic position), 
and shows the same weaknesses as the 
latter. [1935b, p. 295, italics in original] 


In particular, competitive politics can- 
not be described as a system devoted to 
satisfying the given wants of the public; 
for this system—even more than competi- 
tive economics—tries by “advertising’’ 
(i.e. campaigning and political prop- 
aganda in general), to influence and form 
these wants themselves. Or, as Knight had 
succinctly expressed himself a few years 
earlier in sharp criticism of Sumner Slich- 
ter’s defence of planning, “... between 
business and politics, it is as easy and as 
reasonable to assert that corruption goes 
one way as the other.... Both finally 
‘give the people what they want, after 
doing their utmost to make them want 
what they want to give” (1932, p. 476). 
And, once again, the nature of the wants 
so generated by competitive politics are of 
questionable ethical value: “. . . in politics 
the appeal is almost exclusively to the 
crowd” (1935b, p. 299). Similarly ques- 
tionable are the human qualities pro- 
moted by competitive politics as a means 
of succeeding in them. 

Finally, the system of competitive 
politics that characterizes democracy and 
“democratic socialism” in particular will 
tend to generate more inequality in the 
real sense of the term than does the 
system of competitive economics. For 
““, .. the significance of consumption itself 
is largely symbolic; the inequality which 
really hurts is the unequal distribution of 
dignity, prestige, and power” (1935b, pp. 
308-309; see also p. 298, note). And to 
this must be added the fact that theabilities 
which make for success in competitive 
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ce 


politics “...are more. unequally dis- 
tributed among men by nature than is 
economic ability or power of any other 
kind, and also tend more strongly to 
cumulative increase through their own 
exercise” (1935b, pp. 296-97). 

Thus not only does power corrupt, but 
it corrupts cumulatively. Nor can free 
elections be considered as a safeguard 
against this cumulative concentration of 
power in the hands of political leaders: 


In view of the way in which psychologi- 
cal. principles work in politics, equal 
suffrage (even if it is respected in prac- 
tice) provides little or no guarantee of 
equality in that field. The overwhelming 
majorities rolled up in plebiscites (more 
or less fairly conducted) on the question 
of dictatorship show where the realities 
lie. [1935b, p. 297; see also pp. 308-09] 


(It should be recalled that Knight was 
writing these words a few years after 
Hitler had democratically reached power 
in Germany—as had Mussolini before him 
in Italy.) 

The -depth and intensity of Knight’s 
feelings on the issues discussed in the 
preceding pages are well represented in the 
following paragraph from Knight’s presi- 
dential address—or his “sermon,” as he 
denoted it: 


The plea of communism, like that of 
Christianity, is justice, under absolute 
authority, ignoring freedom. (The 
former does extol progress, and progress 
through science, both of which Chris- 
tianity despised; by the same argument, 
communism is overtly less devoted to 
law and tradition, more openly claims 
the right to ignore or break the law.) 
For liberalism, the primary value is 
freedom, self-limited by laws made by 
the community, ideally by general as- 
sent, in practice by representatives 
elected by a voting majority—one of its 
dangers. The laws of a liberal state will 
also be general, non-specific, but in a 
sense quite different from the Golden 
Rule or Law of Universal Love. The 
familiar figure is “rules of the road,” in 
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contrast with instructions where and 
when and how to travel, whether arbi- 
trary or conformable to a traditional 
practice. But such freedom must be 
sweepingly limited by measures, not 
only of a “police” character in a broad 
sense, but also designed to equip the 
indivicual and family for social life by 
implarting wants and tastes in general 
conformity with the culture and endow- 
ing each with a minimum of productive 
capacity (or ultimatelv with final goods) 
without which freedom is a form empty 
of content. To take these units as 
“given ’ is flagrantly contrary to essen- 
tial facts of life and means ignoring the 
major social problem. It is along this 
line tbat eighteenth- and nineteenth- 
century liberalism went to an extreme 
that aas provoked a reaction which 
threatens to engulf all freedom, and 
justice too, in the modern conception of 
it, if nct to destroy civilization. Liberal 
states have been engaged, however, 
through their short life, in correcting 
this imbalance between freedom and 
justice; more intelligence and better 
judgment is our need, rather than any 

radical departure in method. [1951, 

pp. 277-78] 

In concluding this discussion of Knight’s 
politica, views, I would like to turn to a 
question that arises most naturally from 
it: what was the relationship between 
Knight and the “Chicago school’? From 
one viewpoint this is a rhetorical ques- 
tion: for in his emphasis on individual 
freedom as a kasic value, Knight (to- 


gether with Viner) can only be considered 


to be one of the “founding fathers” of 
this school. At the same time I think that 
Knight (zs well as Viner) was less doc- 
trinaire in his views than some of his 
younger colleagues and followers. And 
clearly Knight (and here he differed from 
Viner) did not have the policy-orientation 
that is one of the hallmarks of the Chicago 
school.” 

2 This should not be considered to be simply a re- 
flection of tne absence of an empirical orientation on 


the part oi Knight. For Henry Simons and Lloyd Mints 
were not empirically oriented either. 
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Thus, as we have seen, Knight was 
sharply critical of the ethical deficiencies 
of the actual workings of the market sys- 
tem—and was particularly scornful of the 
“productivity ethics” by which this system 
was sometimes justified. Nor did he make 
an absolute distinction between “‘govern- 
ment by law” and “government by men” 
—for laws too are made by men. In par- 
ticular, Knight emphasized that 

... the primary difficulty with the no- 

tion of law as an ethical principle or 

norm is that the content of the law it- 
self can never be taken as simply 

“given,” or beyond dispute, even at a 

given moment....there was always 

and inevitably occasion for “interpret- 
ing” the law, in enforcing it, and also 
for making law outright, i.e., changing 


it, in consequence of changing conditions 
and standards. [1939a, pp. 62-63] 


A similar picture holds with respect to 
the specific monetary policy with which 
the Chicago school of the 1930’s and early 
1940’s is so strongly identified: namely, the 
contracyclical policy of adjusting the 
quantity of money so as to stabilize the 
price level. The rationale for this “‘mone- 
tary rule” had been developed most sys- 
tematically during the 1930’s by Henry 
Simons,” who continued to expound it in 
his courses and seminars with us on fiscal 
policy. And Lloyd Mints did the same 
thing in his courses on monetary theory 
and policy. : 

In contrast, as I have already shown in a 
paper-on the monetary policy of the Chi- 
cago school,” though Knight recognized 
the importance of monetary disturbances 


24 Simons had been a student of Knight’s at the Uni- 
versity of Iowa, and had followed him to Chicago in 
1927 as a lecturer. 

5 (1969, pp. 96, note 13; 111-12; and 114-15.) In 
1969, I sent a copy of this paper to Knight and asked 
him for his comments. But Knight replied that “to be 
quite frank, I’m very definitely ‘retired’ from econom- 
ics’”—and went on to write briefly about other matters, 
including his concern about the tensions in the Middle 
East. (Personal letter to author, dated March 19, 1969.) 
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in generating cycles of .booms and de- 
pressions, he was skeptical about the ex- 
tent to which these cycles could be con- 
trolled. As he expressed himself in cne of 
his lectures: 
In medieval times men didn’t look for 
remedies since they thought everything 
was from God who was good—so every- 
thing was good. Now science is the 
God—and we think that there must be 
a remedy for every disease. Maybe there 
is no answer to the business cycle: may- 


be we have to let it take its course. 
[Classnotes, Econ. 301, 1945] 


Correspondingly, I think it fair to say that 
Knight was less convinced than his 
younger colleagues, Simons and Mints, 
about the efficacy of the monetary rule of 
stabilizing the price level as a means of 
combatting the cycle. Indeed, in one of his 
lectures Knight said that he did “not know 
how to stabilize the price level—and at 
what height to stabilize it? (Classnotes, 
Econ. 301, 1945). I might also note that on 
at least one occasion in later years Knight 
expressed his preference for ‘“adminis- 
trative discretion” rather than “rules” in 
the carrying out of monetary policy (1960, 
pp. 105-06). 

But in all this—as well as in his failure 
noted above to specify the criteria 
by which to decide upon ‘‘the right propor- 
tions between individualism and social- 
ism’’—I think that we must see the mani- 
festation of yet another basic element of 
Knight’s character: that in what he re- 
garded as the inherent contradiction be- 
tween thought and action, Knight re- 
mained forever the man of thought: al- 
ways critical, always probing, always ask- 
ing questions—and always deeply aware 
of the complexities and inertias of the real 
world, and hence skeptical about the ex- 


2 Tt might be noted that Viner (1962), too, expressed 
his preference for discretionary action on the part of the 
monetary authorities. On the general relation of Viner 
to the Chicago school,’ see Patinkin (1969, pp. 94, 
note 5; 96, note 13; and 113.) 
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_tent to which man could by deliberate 
policy-actions improve it.” 


III. Knight the Social Philosopher 
' and the Man 


In my introductory reminiscences, I 
mentioned that I had heard Knight’s 
“Price and Distribution Theory” course 
twice—and there is a distinct difference 
between my classnotes from these two ex- 
posures: for whereas the first is filled pri- 
marily with economic matters proper, the 
second contains less of these, and more oi 
long digressions on the nature of man and 
society—and God. 

But I do not think that this difference 
between the classnotes necessarily reflects 
a difference in the actual emphasis of these 
two courses. Instead, I suspect that it re- 
flects the difference that had taken place 
in me, the listener. For by the second time 
I took the course I had already had sev- 
eral courses in economic theory proper, 
and I had also come to understand that the 
unique contribution that Knight as a 
teacher had to make to students—and not 
only to students!—was precisely in his 
rambling “digressions” on the nature of 
the world. 

One of his major concerns in these di- 
gressions was religion—a concern that 
undoubtedly stemmed from Knight's 
growing up in the deeply religious atmo- 
sphere of rural Illinois at the turn of the 


27 The following words from Knight’s last book, 
written as he approached the age of 75, are revealing: 


It has been said that fools ask questions and wise 
men answer them... To that indictment I must 
plead guilty, and also that of being better at criti- 
cizing other people’s asking and answering than at 
doing either myself, and more addicted to the 
former role. But I have a defense... . I think the 
role fits in with the concept of democracy, that the 
function of the intellectual leader, in the difficult 
field of social philosophy and policy, is to clarify 
issues, or at most suggest possible solutions and 
‘perhaps arguments, pro and con. Answering is 
rather the task of Adam Smith’s insidious and 
wily animal, the statesman or politician, which in 
a democracy means the ordinary citizen. [1960, 


p. 121 
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century. After his youth, Knight was 
fighting religion all his life, and his strong- 
est end most violent language were re- 
served for expressing his anticlerical 
views. 

There were several dimensions to these 
views. First, the irrationality of religion— 
and even more specifically, its ban on in- 
tellectual curiosity and the asking of ques- 
tions, its insistence on accepting its tenets 
without further thought, All this was 
anathema to Frank Knight—the eternal 
asker of questions (“Do parents in primi- 
tive socizties correct their children’s gram- 
mar?’’), 

But I think that an even more import- 
ant cause of Knight’s anticlericalism was 
the discrepancy between the declarations 
of organized religions and their behavior. 
Again in the words of his presidential ad- 
dress: 


In Christianity, surely, we find the 
supreme “irony of history’: that an 
original teaching centered ethically in 
humility, ‘meekness, self-denial, and 
self-sacrifice became organized into cor- 
poraticns whose dignitaries have hardly 
been matched for arrogant grasping, 
using, end flaunting of power and wealth 
and for insistence on prerogative to the 
borderline of worship. One turns to 
Dostoevski’s famous speech of the 
Grang Inquisitor for any adequate por- 
trayal ət this situation and its sinister 
indicat:ons of the nature of human na- 
ture. [1951, p. 277] 


I believe that it was because of his con- 
frontation with this discrepancy in his 
own cultural heritage that Knight’s anti- 
clericalism expressed itself in anti-Chris- 
tianity, end anti-Catholicism in particu- 
lar. I feel (though I may be prejudiced) 
that he expressed less opposition to Juda- 
ism: not because he thought any better of 
Judaism as a religion, but because the 
historical development of Judaism had 
been such as to leave it (in Knight’s life 
experience, without the institutional frame- 
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work and consequent power that so 
aroused his wrath in the case of Christian- 
ity. | 

In this context it is also significant that 
(to the best of my knowledge) Knight did 
not criticize Buddhism or Islam or any 
other of the great world religions in the 
same way that he did Christianity: and, 
I suspect, for the same reason just indi- 
cated—namely, that he had not directly 
experienced and been irritated by the 
workings of their institutional frame- 
works. 

Here too we find the kind of contradic- 
‘tion in Knight’s views that I noted above 
with respect to the question of social re- 
form. He was highly critical of religion— 
and yet he recognized the vital function 
that it performed in maintaining the sta- 
bility of any society: because the possibili- 
ties of social reform were limited—and 
could take place only slowly without en- 
dangering the existence of society—‘‘men 
will always require—as a condition for 
maintaining any high civilization at all, 
some ‘opiate’ or some effective agent to 
prevent their demanding their rights” 
(1951, p. 276). . 

But if Knight was not a religious pérson 
in those things that concern man and God, 
in the things that concern man and man he 
exemplified the ethical qualities of moral 
rectitude and personal integrity that all 
religions teach us to aspire to. And he was 
an incessant and unswerving Seeker after 
the Truth. 

I have mentioned Knight’s opposition 
to the irrationality of religion. At the same 
time, however, he was the very opposite of 
those who turned rationality itself into a 
religion. Indeed, for Knight the very desire 
for rationality was one of the expressions 
of man’s romantic nature. Knight never 
tired of quoting the saying—that he at- 
tributed to J. M. Clark (p. 24)—about the 
“irrational passion for dispassionate ra- 
tionality.” And he always reminded us 


PATINKIN: FRANK KNIGHT AS TEACHER 807 


that it was not the people of low intelli- 
gence who spent their lives squaring the 
circle and inventing perpetual-motion ` 
machines. 

Similarly, as already noted, he was 
deeply skeptical of the extent to which ra- 
tional discussion could solve social prob- 
lems: in part, because of the intrinsic 
difficulty of these problems themselves; 
but even more so because of the difficulty 
of reaching a consensus; and the more in- 
telligent people were, the finer the dis- 
tinctions they would insist on making, and 
hence the less likely they were to achieve 
such a consensus. And perhaps most im- 
portant of all: free discussion in a democ- 
racy would not remain rational, but would 
degenerate into demagoguery: ‘‘Cheaper 
talk drives out of circulation that which is 
less cheap’—so “Frank Knight’s First 
Law of Talk” (1933b, p. 8). 

Indeed, here we find the deepest con- 
tradiction in Knight’s view of human so- 
ciety: on the one hand, he regarded indi- 
vidual freedom as a basic value, and recog- 
nized that representative democracy was 
the only way in which a large society of 
free individuals could govern itself; on the 
other, he had basic misgivings about the 
actual workings of the democratic process 
—-and was accordingly deeply pessimistic 
about its future. So much so that on some 
occasions he predicted the “natural” dis- 
integration of democracy and its replace- 
ment by dictatorship. 

Another of Knight’s major themes (and 
an important component of his anti-re- 
ligious position) was that it was not 
enough to want to do good: one had to 
have an understanding of the workings of 
social forces in order to be able actually to 
do good. The church might outlaw usury as 
unjust: but because of the workings of 
market forces all that this prohibition did 
was to change the form in which income 
from property was received—from the 
form of interest to that of rents or profits. 
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The government might—in the face of - 


“shortages” of critical goods—impose price 
controls: but this would not increase the 
quantities of these goods, and would in- 
deed create artificial scarcities. 

And “love thy neighbor as thyself” was 
not a prescription for social action. How do 
you know that your neighbor has the same 
tastes as you do? More important—to 
love everybody is to love nobody: for love 
is a differential relationship.” 

Knight was deeply concerned with the 
personal element of morality and the eth- 
ical problems created by an impersonal 
society. No one (Knight once said) would 
reinsert his coin into a public phone if it 
were accidentally returned to him after 
the completion of his call; indeed, if he 
were to do so, he would be considered a 
fool—not a saint. But was not this steal- 
ing? 

Cynical? Perhaps. Though not the 
cynicism of an embittered man, but the 
cynicism of one who looked with under- 
standing—and, though he would prob- 
ably have denied it, even compassion—on 
the limitations of man and society. The 
cynicism of one who had resigned himself 
to the limitations of la condition humaine. 

He was—as has been said of Ecclesiastes 
—a gentle cynic. 
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Labor Hoarding in Durable 
Goods Industries 


By C. Scorr CLARK* 


Most economists are familiar with the 
observed short-run behavior of produc- 
tivity as measured by output per man or 
output per man-hour. It is generally ob- 
served that productivity tends to rise 
most rapidly when output is recovering 
towards capacity and to fall or rise less 
rapidly as output declines from capacity. 
According to the law of diminishing mar- 
ginal productivity, however, the opposite 


behavior should be observed. That is, with - 


capital fixed in the short run, there should 
be decreasing returns to labor as output 
increases towards capacity and increasing 
returns to labor as output declines from 
capacity. This apparent contradiction be- 
tween reality and theory has not been 
confined solely to studies of how output 
fluctuates with employment. Econometric 
studies of short-run employment behavior 
have consistently obtained estimates of 
the equilibrium output-employment elas- 
ticity which suggest increasing returns to 
labor services (see Robert Ball and E. B.A. 
St. Cyr, Frank Brechling, David Smyth 
and N. J. Ireland, and Robert Solow). 

A number of hypotheses have been put 
forward in an attempt to reconcile this 
apparent paradox (see Ray Fair, Edwin 
Kuh, and Robert Solow). One possible 
explanation, which recently has begun to 
attract an increasing amount of support, 
is referred to as the labor-hoarding theory. 
This theory operates on the assumption 
that there are important costs associated 
with changing the labor force. Given these 
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I am indebted to Robert E. Hall for many helpful com- 
ments and criticisms, and to Stephen B. Browne for 
invaluable research assistance. 
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adjustment costs, a minimum cost em- 
ployment policy for a firm may be one in 
which the firm employs more labor during 
periods of declining output than is re- 
quired to produce the desired level of out- 
put. If this hypothesis is true, then during 
periods of declining output the actual 
labor used in the production process may 
in fact be declining in proportion or more 
than in proportion to changes in the out- 
put even though measured employment 
does not. At the same time, once output 
begins to recover, the increase in measured 
employment will be less than propor- 
tionate to the increase in output because 
the firm can now use in its production the 
excess labor that was accumulated during 
the previous periods of declining output. 
The fact that measured employment may 
not be a very good measure of the true 
production function input could very well 
account for the contradictory results ob- 
tained by the earlier productivity and 
short-run employment studies. 

The purpose of this paper is to construct 
a model of short-run employment behavior 
in durable goods industries based on an 
assumption of labor hoarding. The paper 
is composed of four sections. In Section I 
the labor-hoarding model is developed as- 
suming perfect foresight, and the necessary 
and sufficient conditions for a minimum 
cost employment policy are established. 
Using the cost minimization conditions, a 
programming algorithm is derived which 
permits. us to obtain estimates of the 
maximum length of time it would be prof- 
itable for firms to hoard excess labor, re- 
ferred to as the labor-hoarding lag. Two 
models are constructed. The first model 
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assumes there is no- production lag‘ in 


. durable goods industries, while the second ` 


model allows for a production lag in the 
determination of required employment. In 


_. Section II the data are described. Section 


III presents the estimates of the labor- 
hoarding lags. Several hypotheses are also 
tested. Section IV contains the summary 
and conclusions. 

I. The Models 


x 


‘We assume that the objective of the - 


firm is to produce output Qi, Q2,..., Or 
over T periods at least cost. We also 
assume that the production function of 
the firm is such that a fixed number of 
workers is required per unit of output.} 
That is: 


(1) l L, 2 AQ 


where L; is the number of workers em- 
ployed by the firm during period t, Q, is 
the firm’s output, and A the production 
coefficient or labor-output ratio.? 


i The use of a fixed coefficient production function 
implies that capital and labor are not substitutable and 
therefore that variation in relative factor prices are not 
important in determining factor intensities. The large 
bedy of empirical work on production functions indi- 
‘cates, however, that manufacturing industries are char- 
acterized by factor substitutability. This would appear 
to indicate that the assumption of constant factor pro- 
portions for determining required employment is inap- 
propriate. However, this is not necessarily so. It is nota 
contradiction <o believe the empirical evidence which 
indicates that the true production technology is char- 
acterized by factor substitutability and at the same 
time still believe that, for the purpose of deducing factor 
demand from output demand, a fixed coefficient tech- 
nology provides a satisfactory approximation to the 
true technology. Factor substitutability may not be 
important for the purpose of deducing factor demand 
if relative factor prices do not change very much. There 
are, of course, some practical reasons for using the fixed 
coefficient approximation. First, because of the estima- 
tion technique used, it is important to keep the number 
of structural parameters to be estimated to a minimum. 
Second, data for three-digit SIC industries are used in 
this paper, and there are, to date, no capital data avail- 
able at this level of disaggregation. 

2 In constructing both labor-hoarding models in this 
paper, we have not allowed for substitution between the 
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We postila that there are dissed 


“costs associated with using labor: a wage, 


w, paid each period; a hiring cost, #, paid- 
each time the labor force is enlarged; 
and a lavoff cost, f, paid each time the 
labor force is reduced.? The firm’s total 
labor cost over T periods is thus:* 


(2) C=w(LitLet+,...,+L7) 
(+ h([L, = Lt 
+ [Ie—LiJ-+,..., 
+ [Er Loalt) + f([Lo — Li]* 
+ | eee oA: +, 
+ | 


d 


Lr- — Lrl*) 
where 
[x]+ = 0 if xX <0 
= X if X 2 0 


Giver: (1) and (2), the necessary and 


stock variekle, workers, and the flow variable, the num- 

ter of hours worked per worker. In our models, an. 
increase cr decrease in shipments and new orders neces- 

sitates an Increase or decrease in required workers. This 

excludes the possibility of simply changing the utiliza- 

tion of the existing stock of workers (Le., the number of - 
hours worked per worker) in response to a change in 
shipments o- new orders. 

3 Hiring costs are usually defined as including recruit- 
ing costs, crientation costs, recalling costs, training 
costs, and so forth. Layoff costs will include severance 
pay, that pact of training costs that will not be recouped 
if the worker is laid off, and also unobservable costs 
such as bad worker morale, ‘bad community relations, 
and union conflicts. 

4 We could have included a ciscount rate in our cost 
function. Assuming a constant discount rate, r, total 
discounted labor cost is: 

C = a Wit 4 s h[Le = Lealt 
tmt > “Pr? ti UFI 
opa f [Les ce Ele 
a + 


The inclusiza of the discount rate does not affect the 
derivation of the labor-hoarding lag t*. We would now 
heve for any t that, 


htN/d+n htf y 
wi{(l +r) w 
That is to say, when-considering the ratio of two nom- 


inal values discounted at the same rate, we need con- 
sider only ~he ratio of the two nominal values. 
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sufficient conditions for-a cost minimiza- 
tion employment policy can be derived as 
follows. In general, a firm will hold no more 
labor than is required to produce current 
output, except that workers will not be 
laid off for a temporary drop in output. 
The maximum length of time that is 
profitable for a firm to keep a worker on 
the payroll without having him work is 
given by the ratio of the layoff plus hiring 
cost to the wage cost. That Is: 

(3) att 

wW 

In other words, a minimum cost employ- 
ment policy for a firm is one in which the 
firm will never have more than t* succes- 
sive periods of positive excess labor. At 
the same time, in order for employment 
costs to be minimized, a layoff by a firm 
will never be followed by a hire within t* 
periods, since in that case it would be 
cheaper for the firm to eliminate both the 
layoff and the hire and carry excess labor. 
These two conditions are necessary and 
sufficient for a cost minimization employ- 
ment policy. The interpretation of t* as 
the maximum length of time for which it 
would be profitable for a firm to hoard 


idle workers implies that the firm has 


perfect knowledge of its future output and 
consequently, from the production func- 
tion, the path of required employment. 
This assumption of perfect foresight is 
implied in the specification of the cost 
function which includes future values of 
labor inputs. Without such knowledge, 
the firm would be unable to know exactly 
when it should begin hoarding labor or 
how much labor it should hoard. For the 
durable goods industries used in this study, 
the assumption of perfect foresight can 
be defended on two grounds. First, these 
durable goods industries produce pri- 
marily to order, and the lag between 
orders and production is sufficiently long 
to enable the firm to use its orders data in 
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planning layoffs and hiring. Second, on 
the basis of past experience, firms have 
sufficiently good knowledge of the seasonal 
behavior of orders and shipments to permit 
accurate employment planning. If firms 
are fairly accurate in their forecasting, 
then the perfect foresight assumption 
might be a better approximation of how 
expectations are formed than hypotheses 
of imperfect expectations. 

An easv algorithm for estimating the 
labor-hoarding lag, t*, and the production 
coefficient, A, is suggested by the two cost 
minimization conditions. We begin by 
taking as our initial guess of the firm’s 
employment policy, the policy of holding 
no excess labor. In this case, we have from 
the production function that: 


(4) Li = AQ 


Given data on output, and assuming a 
value for A, we calculate the employment 
series that would occur if no excess labor 
were held. We then assume a value for t* 
and consider the earliest layoff (decline in 
employment) in the no excess labor em- 
ployment series. If a hire (increase in em- 
ployment) occurs within t* periods after 
the layoff, then the layoff and the hire are 
cancelled and the labor force increased for 
every intermediate period. This process 
is repeated over the entire sample until 
no hire occurs within t* periods of any 
layoff. At every iteration, the second cost 
minimization condition is satisfied so that 
the process will reach a minimum cost 
policy in a finite number of iterations. We 
select the maximum likelihood estimates 
of t* and à from the set of all possible 


8 One method by which uncertainty could be intro- 
duced into the model would be to specify the production 
function in terms of expected output and expected em- 
ployment. Alternative expectational hypotheses could 
be derived in terms of actual output. Such a procedure 
would certainly be necessary for industries which pro- 
duce to stock but not necesSarily for those which pro- 
duce to order, which is the case for the industries used 
in this paper. 


814 THE AMERICAN ECONOMIC REVIEW 


combinations by comparing the sum of 
squared residuals between the observed 
employment series and the estimated em- 
ployment series based on our cost mini- 
mization conditions. 

A brief examination of the employment- 
output data indicates that for most of the 
industries there has been a downward 
‘trend in the labot-output ratio. Having 
assumed away capital-labor substitution, 
there are two other possible explanations 
for this behavior. First, it is quite possible 
that the production function is one of in- 
creasing returns to scale rather than con- 
stant returns to scale. That is: 


(5) Le = AQ, 


A second possible explanation is that there 
has been labor-augmenting technological 
change during the sample period. Allow- 
ing for this possibility, the technology 
approximation becomes: 


(6) Ey = At) O 


In this paper we adopt the second pos- 
sibility. We assume that technological 
change takes place smoothly at a constant 
rate m, so that: 


(7) A(t) = Aog "t 


Equations (6) and (7) simply say that a 
given level of output can now be obtained 
from a given capital input and a labor 
input, Le measured in men, that de- 
creases over time. Within this model, a 
decreasing number of men represents an 
increasing number of labor efficiency units 
so that a fixed coefficiant production rela- 
tion is maintained between capital and 
labor efficiency units. 

The labor-hoarding lag, t*, will be es- 
timated using data for five three-digit SIC 
durable goods industries. By using three- 
digit industry data, it is possible to avoid 
some of the problems that might be caused 
by aggregation. It is very likely that many 
of the diverse relationships that exist be- 


n<l 
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tween :ndustries would be concealed if 
aggregate data were used. The use of three- 
digit industry data, however, does have 
some costs associated with it. Most im- 
portant inventories by stage of fabrica- 
tion are not available for three-digit in- 
dustries. Consequently, it is necessary to 
use shipments as a measure of output. 
Since most of the durable goods industries 
used In this paper produce primarily to 
order, the assumption of no finished goods 
inventories is not unreasonable.® It is dif- 
ficult to determine, however, what change 
in our output measure would occur if we 
were able to include the change in work-in- 
process inventories. It 1s quite possible 
that a decline in shipments could be com- 
pletely offset by a build-up in work-in- 
process inventories so that output, as 
measure by shipments plus the change in 
work-in-process inventories, would show 
no decline, whereas output, as measured 
by shipments,- would. This possibility 
would be particularly true for industries 
with faizly long production lags. If pro- 
duction of a good takes several periods, 
then the amount of labor required in any 
period will depend not only on the goods 
which reach completion and are shipped, 
but also on those goods still in the pro- 
duction process at different stages of com- 
pletion (i.e., work-in-process inventories). 
To assume that required labor services de- 
pend oniy on shipments in the current 
period implies that there is no production 
lag. 

There is sufficient evidence to indicate 
that in the durable goods industries pro- 
duction does take time. Consequently, in 
order to compensate for the possible in- 
adequacy of shipments as a measure of 
cutput in this type of industry, we will 
develop a second labor-hoarding model 
based on the assumption of a production 

€ The possible exceptions are the blast furnaces and 


steel mills industry and the electrical distribution equip- 
ment industry. 
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lag. The second model is developed for an 
industry which produces g+1 different 
goods. Each good is distinguished by its 
production time, defined as the time be- 
tween initiation of production and the 
completion of the final product. 

We define the following variables: 


A+j= The value of production initia- 
tions of good 7 in period t 

Ly; The number of workers required 
during period t for the production 
of good j 


As before, we assume that a fixed co- 
efficient technology provides a satisfac- 
tory approximation to the true industry 
production function. More. specifically, 
we assume that for good 7 a fixed number 
of workers is required per unit of produc- 
tion initiations of good j. 

Consider now the demand for workers in 
period t to be used in the production of 
good 7. In period t there will be some of 
good 7 reaching the final stage of produc- 
tion. These will be goods whose production 
was initiated in period t~7 (i.e., X4_;,;). 
These goods will require some labor ser- 
vices. At the same time, there will be 
some of good 7 which will reach the final 
stage of production in period t+1. These 
goods whose production was initiated in 
period t~—j-+1 will also require some labor 
input. Thus, for each production of good 7 
initiated in the current period and over 
the past 7 periods, there will be some labor 
input required in period t. Employment 
required for the production of good 7 in 
period t can then be written as a distrib- 
uted lag function of production initiations 
of good 7: 


j 
(8) Lj = Br Xens 
T=0 
For 7=0, the lag function would collapse 
to include only X+,o0: 


(9) L,0 a ee ee 


For j= 1, we would have the relation: 


Bat Beis 
(10) Le, = Bo Xit Xt-i.1 


Since there are g+1 goods there would be 
q+1 distributed lag labor requirement 
functions. Using a lag operator Z, equation 
(8) can be rewritten as: 


j ! 
(11) Ly = DB ZX 
T= 
Letting B4(Z)= > 7_, BZT we have the 
final labor requirement function for good ï: 


(12) Lrj gg BEIZ) Xe; 


Total labor required by the industry in 
period t is the sum of the labor require- 
ments for each of the q+1 goods: 


€ 


(13) Ly = >, BY HZ) Xu; 


j=0 


We now make the aggregation assumption 
that the mix of production initiations 
(i.e, Xeo Xta,---, Xt.) is constant for 
all t. That is: 


(14) Xes= 6X (G=0,1,...,9) 


where X, is the value of total production 
initiations in period t and the 8? measure 
the relative importance of the production 
initiations of each good. By definition: 


= P 
(15) >, 6 = 1 
j=0 


Substituting the aggregation assumption 
into (13) gives: 


q . 
(16) Le = DB "DGX 

jd 
Letting 84(Z)= > 3_, B&(Z)B? we have 
the final distributed lag relation between 
total labor requirements and the value of 


‘total production initiations: 


(17) Ly, = B(Z)X, 
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In the labor requirement equation, (17), - 


the key variable (production initiations) 
is not observable. To complete the model 
for empirical testing we must relate X, to 
some cbservable variable. In this paper, 
X, is equated to the value of new orders 
recelved during period t. The labor re- 
quirement function then becomes: 


(18) Li = BZ): 


The lag function, 64(Z), is assumed to be 
stationary. The choice of new orders as a 
measure of production initiations in any 
period could result in situations, however, 
in which this assumption is not valid. If an 
industry is operating at less than full 
capacity, then any new orders received 
during a period can be initiated into 
production almost immediately. On the 
other hand, when capacity is being fully 
utilized, new orders will not be initiated 
immediately but instead will be placed in 
a queue to await production sometime in 
the future. Consequently, in addition to 
the work-time lag, there is now a wait- 
time lag. The latter lag component will 
vary over time depending on the degree of 
capacity utilization. In order for the 
stationarity assumption to be valid, we 
must assume that there is always sufficient 
excess capacity in the industries so that 
the wait-time lag is zero.’ There are other 


7 This problem has arisen in other empirical work 
cealing with the distributed lag relationship between 
shipments and new orders. A number of investigators 
in this area attempted to allow for nonstationarity by 
using an estimation method known as variable weighted 
distributed lags (see Joel Popkin and Peter Tinsley). 
This apprcach to the problem is somewhat ad hoc in that 
models are not usually based on a convincing underlying 
behavioral hypothesis. A second alternative is to allow 
for varying capacity utilization through the specifica- 
tion of production initiations. For example, we might let 
Xt= Min (Ci, Qe) where Cs is capacity and Q, the queue 
of unfilled orders for which production has not been 
initiated at the beginning of period t. This model implies 
a switching between two functions; when there is excess 
capacity, production initiations are equal to Qi; when 
there is a capacity constraint, production initiations are 
then equal to Cy. 
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reasons why the lag function may not be 
stationary. Even if there is excess capacity 
so ther there is no queue, the work-time 
lag may change. First, there may be tech- 
nological improvements resulting in a 
shortening of the work-time required for 
production. Secondly, there may be a 
cyclical response in work time. As de- 
mand conditions improve, firms may be 
able to shorten their work time by in- 
creasing their work speed. However, if 
demand continues to rise at a fairly rapid 
rate, there may be a relative deterioration 
in the ezrlier improvement as less efficient 
capital and labor must be employed. 
Finally, there may be a change in the rela- 
tive importance of the various com- 
modities in total demand.’ 

We can now complete the second labor- 
hoardirg model. We assume that the ob- 
jective cf the firm is to fill all new orders 
Ni, Ns, .., Nr, over T periods at least 
cost. Based on the assumption of a pro- 
duction lag and a fixed coefficient tech- 
nology, zhe number of workers employed 
in pericc t is given as: 


(19) Ly 2 BY(Z)Mt 


-The cost function, (2), used in the first 
model is also applicable in this model. 
Since cny the labor requirement function 
has been changed, the necessary and 
sufficient conditions for a cost minimiza- 
tion employment policy are essentially the 
same as those in the first model. In gen- 
eral, a tizm will hold no more labor than 
is required to complete the production of 


8 Tt is easy to demonstrate that the labor requirement 
function ir. 74) is a constrained form cf the more general 
case given .n (18). If we adopt the assumption that 
there is nc >roducticn lag there will be only one good 
produced :r the industry (i.e., good 0). This implies 
that X o= X.. Equating production initiations to new 
orders gives X,=N . Since we are also assuming no 
wait-time lag, every new order in period t becomes a 
shipment in period t: Ny=S,. The labor requirement 
function is then simply L;=85.St which is identical to 
equation {4}. 


— 
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those goods in the final stages of process- 
ing: | 
(20) Neo, Nt-1,1) | Nag 


and also labor required to maintain work 
on goods which will reach completion in 


periods t+1, t+2,...,t+¢: 
(21) Ne 


Ni,2, Ni-1,2 


Nia N t-14 e.g N t—e+1,a 


On the other hand, workers will not be 
laid off for a temporary drop in new orders. 
The maximum length of time that is 
profitable for a firm to keep a worker on 
the payroll without having him work is 
given by the ratio of the layoff plus hiring 
cost to the wage cost: 


sana! 


w 


(22) t* = 


The necessary and sufficient conditions 
for a minimum cost employment policy 
are the same as in the first model. A firm 
will never have more than t* successive 
periods of excess labor. Moreover a layoff 
by a firm will never be followed by a 
hire within t* periods, since it would then 
be cheaper to eliminate both the layoff 
and the hire and carry excess labor. 

To estimate the labor-hoarding lag, t*, 
we employ the algorithm described above. 
Three different specifications of 84(Z) will 
be used. To begin with, we adopt the 
simple specification that the lag coefficients 
correspond to a rectangular lag function. 
This can be expressed as: 


(23) Be=a iO0S7rKq 
= 0 otherwise 


The labor requirement function then be- 
comes: 


pi 
(24) Li = Q >, Nes 


T=x0 
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leaving only three parameters to be es- 
timated: a, g, and t*. 

Assuming values for a and g, we obtain 
an estimate of the no excess labor series 
from (24). With this series, we are then 
able to estimate the labor-hoarding lag, 
t*, using the cost minimization algorithm. 
Initial estimates of a, for different values 
of g, can be obtained by dividing the ob- 
served employment series by £o Ne». 
Once having obtained the best estimates 
of œ and t*, for each g, we select as our 
best estimates of all three parameters that 
equation which has the smallest variance 
corrected for degrees of freedom. 

The second lag function to be used in 
this study is the inverted V or symmetric 
triangle. Using this specification, the lag 
coefficients are given by: 


(25) B- = ait OST Sa 
= qas — alr — a) a2 <7 < 2a 


where a, is the slope of the triangle and 
2a its length. Substituting this specitica- 
tion into the labor requirement function 
gives: 


a? 
(26) Li = Qi `. TN i 


T=a0 


2a% 


+ >, [eres — alr — a2)] Ve, 
Teati 
Since the triangle is symmetric, this is 
equivalent to: 


ao— l 


(27) Li == Œi >. T(N + Nt—2agtr) 


r=0 


+ ona N t—ag 


In the case of the triangle there are three 
parameters to estimate: the slope ay, the 
mid-point of the triangle as, and t*. 

The estimation of the model with a 
triangular lag function is similar to that 
with the rectangle. Assuming values for 
œ and a, we obtain an estimate of the no 
excess labor series from (27). The labor- 
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hoarding lag, t*, is then estimated as be- 
fore. We select as our best estimates of 
Oy, a, and t* that equation with the 
smallest variance corrected for degrees of 
freedom. Initial estimates of the slope, 
a, for different values of a, can be ob- 
tained by dividing observed employment 
series by: 


ane] 


(28) Do (Nes 
T=0 
The third distributed lag function to be 
-used in our labor requirement equation 
is the common geometric function. Under 
this specification, the coefficients are 
given by: 


F Neang) -} xN tw 


(29) Be=aa O<m<1 


The labor requirement function becomes: 


(30) | L = Oy > ao Ns. 

t=0 
= Using a Koyck transformation, we ob- 
tain the labor requirement equation to be 
used in estimation: 


(31) L, = aN, + ales 


With the geometric lag function, there 
are three parameters to be estimated; ay, 
a, and të. Initial estimates of œ; and a: 
can be obtained in the following manner. 
First, we know that a, must be less than 
one and equal to or greater than zero. 
Assuming a value for œ, within these 
bounds, we obtain an estimate of the 
range of a; by dividing observed employ- 
ment by: 


S| 
(32) > aN, 

Tra) 
where K is a constant inserted to make the 
sum finite. The larger K is, the better (32) 
approximates the infinite sum in (30). 

There is, however, one additional es- 

timation problem. It is necessary in the 
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case of the geometric lag function to have 
an estimate of the number of nonidle 
workers held in period zero (i.e., Lo). In 
other words, it is necessary to consider 
different initial values for for Lo and for 
each vélue obtain the best estimates of 
ær œ and t*. We select as our kest es- 
timates of Le, an, a, and t*, that equation 
which kas the smallest variance corrected 
for degrees of freedom. 

So faz in our discussion of this model, 
we have not considered technological 
change. We now assume that technolog- 
ical chenge takes place smoothly at a 
constant rate, m, so that employment is 
now given by: 


(33) L > Noe ™*BL(Z) N: 


This results in one additional parameter 
to be estimated for each of the three dis- 
tributed lag functions. l 

With technological change and a rec- 
tangular lag function, the labor require- 
ment equation becomes: 


(34) = gem D Ni 


rx==0 


In the cese of the triangular lag function, 
using (27), we have: 


(35) Li = oe 
age 1 
| De (Nir + Nizar) + aN 


rÍ) 


For the geometric lag function, the in- 
clusion of technological change gives: 


(36) Ly = one Y aM 
roQ 


Employirg a Kovck transformation we 
obtain: 


| (37) Ly = Qe -mt N + wolt—1 


The introduction of technological 
change in this manner a‘lows the lag func- 
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tions in the labor requirement equation to 
be semi-nonstationary. For example, in 
the case of the rectangle, the inclusion of 
technological change implies that the 
height of the rectangle is decreasing over 
time, whereas in the case of the triangle, 
it implies that the slope is decreasing over 
time. In both cases, however, the length 
of the production lag remains constant. 
For the geometric lag function, the in- 
clusion of technological change implies 
that the height of the function is declining. 

In Section III estimates of the labor- 
hoarding lag are presented based on equa- 
tions (6), (34), (35), and (37). 


It. Data 


‘The labor-hoarding lag, t*, is estimated 
for the following three-digit SIC durable 
goods industries: 


331—Blast furnaces and steel mills? 
351—-Engines and turbines 
353—Construction, mining, and ma- 
terial handling equipment 
354—Metal working machinery 
361—Electrical distribution equipment 


The shipments and new orders data are 
monthly unseasonally adjusted data ob- 
tained from the monthly survey of manu- 
facturers published by the U.S. Depart- 
ment of Commerce. The data were not 
seasonally adjusted since the purpose of 
this paper is to examine the short-run be- 
havior of employment. The sample used 
in this study covers the period January 
1960 to January 1969. This includes one 
recession, 1960-61; the moderate expan- 
sion beginning late in 1961 and cul- 


minating in the more rapid expansion of 


1965 and early 1966; the mini-recession 


? The name of this industry classification is mislead- 
ing. Unlike the other industries, the name of industry 
331 does not refer to the output but to the means used 
to produce output. The output of this industry consists 
of ferrous and nonferrous alloy and finished and semi- 
finished steel products. 
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of 1967 followed by a period of moderate 
growth until the beginning of 1969. 

To obtain constant dollar shipments and 
new orders series, wholesale price indices 
published by the Bureau of Labor Statis- 
tics (BLS) were used. Unfortunately, the 
industry classifications used by BLS are 
not the same as the SIC classifications 
used by the Department of Commerce for 
its shipments data. It was not until 1967 
that the Bureau of Labor Statistics began 
to publish wholesale price indices on an 
SIC basis. As a result, it was necessary to 
combine BLS price indices which would 
represent as much as possible the SIC in- 
dustry. . 

Employment data are available for SIC 
industry classifications. There were some 
differences, however, between the in- 
dustry classifications used by the Depart- 
ment of Labor and the classifications used 
by the Department of Commerce. The dif- 
ferences applied only to industry 354, 
metal working machinery, and industry 
361, electrical distribution equipment. 
Fortunately, however, the employment 
data are available for four-digit industry 
classifications so that it was possible to 
derive employment series for industries 
354 and 361 which are comparable to the 
industry classifications on which the ship- 
ments and new orders data are based. 
Both total employment and employment 
of production workers are available for 
our sample period. An estimate of em- 
ployment of nonproduction workers is 
obtained as the difference between total 
employment and employment of produc- 
tion workers. 


III. Empirical Results 


Table 1 contains the best estimates of 
the labor-hoarding lag, t*, for the four 
models estimated.“ For the model with- 


10 The ranges over which the parameters were al- 
lowed to vary were large enough to insure that the best 
estimates were obtained. The.ranges differed, of course, 


[over] 
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TABLE 1-~ESTIMATES OF THE LABOR-HOARDING LAG, t*, IN MONTHS, AND TESTS OF THE NULL 
HYPOTHESIS THAT t*=0 
With Production Lag 
Without Production Lag Rectangle Triargle Geometric 
Industry t* s VAN t* S ZP tt 3 FA t* S Z> 
Total Employment 
331. 14 948.87 1,843 3 1,855.22 12 7 2,755,995 43 2 680.13 0 
351 5 34.96 1,166 15 12.18 1,822 17 22.65 768 {4 15.94 1,931 
353 9 32.19 2,675 8 32.43 47 17 65.94 843 15 36.44 1,303 
354 6 21.56 14,148 12 129.08 13 3 143.514 0 12 8.76 20 
361 T Loea 477 9 11.03 341 17 4.92 297 7 19.97 1,100 
Production Workers 
331 14 897.56 1,081 6 1,038.10 81 7 1,844.47 39 6 631.75 8 
351 5 22.39 707 16 11.23 608 16 16.34 243 i4 11.31 1,341 
353 9 17.54 1,909 17 9,89 18,741 q 12.77 1,739 2 13.99 127 
354 5 12.21 1,061 14 59.09 16 4 61.358 oot 19 6.80 ill 
361 5 29,43 481 12 8.10 68 14 3.11 259 10 9.23 1,031 
Nonproduction Workers 
331 14 57.30 1,397 9 89.67 33 16 122.87 82 22 27.92 560 
351 9 1.71 4,539 15 .58 2,241 19 .92 4,352 13 64 500 
353 11 7.20 1,991 17 19.54 195 16 20.91 543 16 3.85 417 
354 8 3.40 1,192 . 14 22,27 25 1 21.438 2 22 1.86 6 
361 7 10.45 405 15 „81 363 20 19 903 9 1.54 1,813 





Note: s= Variance adjusted for degrees of freedom computed from the san of squared residuals between the observed 
employment series and the estimated employment series based on the cost minimization conditions. 

2 These estimates are not based on complete convergence of the va-iance (see fn. 10). 

b The critical value of x2(1) at the .05 level is 3.84. Equation (38) in the text defines the test-satistic Z. 


out a production lag, estimates of the 
labor-hoarding lag ranged from 5 to 14 
months in the case of both total employ- 
ment and employment of production 
workers. For employment of nonproduc- 


from function to function since In some cases conver- 
gence was fast whereas in other cases it was slow. Fonthe 
labor-hoarding lag, t*, the range was always 0 to 30 
months. For the triangular lag function, five of the 
equations are not based on complete convergence of the _ 
variance about the estimated regression. In each of 
these five employment series, it was found that for large 


- values of ay the estimated minimum cost employment 


series underestimated observed employment at the be- 
ginning of the samples for a number of months. Conse- 
quently, as a: was increased and the sample size re- 
duced, the sums of squared residuals continued to de- 
cline. The estimates of the labor-hoarding lag, however, 
did not appear to be very sensitive in these series to 
increases in a2 beyond 9 or 10 months. It was decided, 
therefore, to stop estimation at this point with the result 
that although the estimates of t* are fairly close to their 
maximum likelihood estimates, the estimates of the pro- 
duction lag probably contain some downward bias. 


tion worsers, the estimated labor-hoard- 
ing lags ranged from 7 to 14 months. For 
the rectangular lag function, estimates of 
the labor-hoarding lag ranged from 3 to 
15 months for total employment, 6 to 17 
months for production workers, and 9 to 
17 months for nonproduction workers. For 
the triangle, the corresponding ranges were 
3 to 17 months for total employment, 4 to 
16 montks for production workers, and 1 
to 20 months for nonproduction workers. 
Finally, for the geometric lag function, es- 
timates of the labor-hoarding lag ranged 
from 2 to 15 months for total employ- 
ment, 2 to 19 months for employment of 
production workers, and 9 to 22 months 
for employment of nonproduction 
workers.'- Although there is not that much 


Tt was found that the estimates of the parameters 
were not very sensitive tc the choice of Lo in the vicinity 
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TABLE 2—-PARAMETER ESTIMATES AND TESTS OF THE NULL HYPOTHESIS THAT THE PRODUCTION LAG Is NOT 
IMPORTANT IN EXPLAINING THE SHORT-RuN DEMAND FOR EMPLOYMENT 


Test that 
No Production l Production 
Lag Rectangle Triangle Geometric Lag is Zero 
Best 
Industry M m æ q m a a m a a m Function Z» 
Total Employment - 
331 .34 .003 .040 10 .004 .0666 8 .004 045 .90 .004 G 42 
351 48 .005 161 2 .006 055 3 .006 .31 .31 005 R 206 
353 .53 .002 .039 14 .002 .057 3 .001 .15 .70 .0004 G 0 
354 .76 = .004 .051 14 .004 .0091 9 .003 .030 .96 .002 G 152 
361 .32 .001 .029 12 .004 .0076 7 .004 28 .20 .004 T 1,437 
Production Workers ) 
331 .28 .003 .029 11 .004 .0054 8 .004 .037 .89 003. G 44 
351 .31 .004 .079 3 .005 .014 5 .006 .19 .30 .004 R 119 
353 .34 .001 .022 12 .002 .0049 9 .002 .038 .90 .001 R 79 
354 54 004 .039 12 .003 .0063 9 .003 .030 .94 .002 G 88 
361 .22 .001 .020 11 .003 .0067 6 .003 .16 .29 .003 T 97 
Nonproduction Workers 
331 .06 .002 .0058 13 .004 0012 8 .004 .0075 .90 .003 G 106 
351 .16 .007 .032 5 .009 .019 3 008 11.29) 008 R 248 
353 .17 .002 .019 9 ,002 .043 2 .002 .013 .93 .002 G 76 
© 354 .22 .004 .019 11 .004 .0025 9 .003 009 .96 .003 G 88 
361 .11 .002 .0090 13 .005 .0050 5 .005 094 .20 .005 T 1,283 





Note: R= Rectangular lag function; T= Triangular lag function; G= Geometric lag function. 
a The critical value of x?(1) at the .05 significance level is 3.84. 


difference in the range of estimates for the 
three employment classifications across 
functions, the estimates of the labor- 
hoarding lags for individual industries do 
appear to be quite sensitive to the speci- 
fication of the distributed lag function. 
For example, in the case of employment 
of nonproduction workers in the metal 
working machinery industry, the es- 
timates of t* ranged from 1 month in the 
case of the triangle to 22 months in the 
case of the geometric lag function. For 
blast furnaces and steel mills the es- 
timates of the labor-hoarding lag for 
nonproduction workers ranged from 9 
months in the case of the rectangle to 22 





of the beginning value of the observed employment 
series. For this reason Le was fixed at a value very close 
to the beginning value of the observed employment 
series. 


months in the case of the geometric lag 
function. 

Table 2 contains the estimates of the 
additional parameters for each of the 
models. We can derive estimates of the 
production lag by adding 1 to the estimate 
of g in the case of the rectangle, and by 
multiplying a, by 2 in the case of the 
triangle. For the rectangle, the production 
lag estimates obtained from the three 
employment series did not vary much for 
the individual industries. For the triangle, 
there was a larger variation in the es- 
timates. For example, in the case of in- 
dustry 353, the estimated production lag 
from the nonproduction worker series was 
4 months, from production workers 18 
months, and from total employment 6 
months. Finally, our results indicate that 
the production lag estimates, like the es- 
timates of the labor-hoarding lags, are 
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fairly sensitive to the specification of the 
lag function. 

We now ask whether our estimates of t*, 
for both the model without a production 
lag and the model with a production lag, 
provide strong enough evidence for re- 
jecting the hypothesis that there is no 
labor hoarding (i.e., t*=0). A test of this 
hypothesis can be made by constructing 
the statistic: 


2 2 
So — 51 


S 


(38) age 


which is asymptotically 7?(1). The term 
Sg is the sum of squared residuals under 
the null hypothesis that t*=0; S? is the 
unconstrained sum of squared residuals; 
and s is an estimate cf the variance around 
the regression from the unconstrained 
equation. The estimates of Z are given in 
Table 1. For the model without a produc- 
tion lag, the values of Z provide strong 
evidence for rejecting the null hypothesis 
at the 5 percent significance level in every 
equation. For the model with a production 
lag, in only three of the forty-five equa- 
tions estimated are the values of Z such 
that we cannot reject the a of no 
labor hoarding. 

The second hypothesis that we can test 
is the hypothesis that the production lag 
is not important in explaining the short- 
run demand for employment in the dur- 
able goods industries. A test of this hy- 
pothesis can be made by using the test 
statistic (Z) which will be distributed 
asymptotically as y?(1).!2 The term Så 
will now be the sum of squared residuals 
under the null hypothesis that there is no 
production lag; S? will be the sum of 
squared residuals from the unconstrained 
model which includes a production lag; 


2 Tf the production lag is not important, then this is 
equivalent to saying that g=0 in the case of the rec- 
tangle; that a1=0 in the case of the triangle; and, that 
a2=Q0 in the case of the geometric function. 
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and sis the estimate of the variance around 
the regression from the unconstrained 
equation. For the model with a preduction 
lag, the equation with the smallest vari- 
ance adjusted for degrees of freedom was 
used in the test. Looking at Table 1, we 
can see that the geometric lag function 
performed best for ail three employment 
series in the case of industries 331 and 354. 
The rectangular and triangular lag func- 
tions performed best for all three employ- 
ment series for industry 351 and industry 
361, respectively. For industry 353, the 
geometzic lag function provided the best 
estimatz2s in the case of total employment 
and employment of nonproduction workers 
but the rectangular lag function performed 
best in the case of production workers. The 
estimated values of Z given in Table 2 pro- 
vide strong evidence for rejecting the null 
hypothesis at the 5 percent significance 
leve. ir fourteen of the fifteen equations. 

Finally, since we have estimated the 
employrnent model for total employment 
and its two components, employment of 
production workers and employment of 
nonproduction workers, it is possible to 
test the hypothesis that production 
workers and nonproduction workers are 
the same. This test can be made by com- 
puting the statistic: 


= 2 2 
Sre — (Spw + Sypw) 


Spw + SNPW 


(39) V= 


which is distributed asymptotically as 
x?(3) for the model without a production 
lag and x?(4) for the model with a pro- 
duction lag. The term S}, is the sum of 
squared residuals from the total employ- 


3 For the model with a production lag, we are as- 
suming tha- there are four parameters identical: a, 9, 
t*, and a ir the case of the rectangle; a1, œs, t*, and m 
in the case of the triangle; and a1, a, t*, and # in the 
case of the geometric lag function. For the model with- 
out a prodaction lag, three parameters are assumed 
equal: a, m, and t*. 
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ment equation, representing the null-hy- 
pothesis that production workers and non- 
production workers are the same; $2, 
and Spy are the sum of squared residuals 
from the unconstrained equations for pro- 
duction workers and nonproduction work- 
ers; and spw and sypw are estimates of the 
variances around the regressions from the 
unconstrained equations. The estimates of 
V are given in Table 3. 


TABLE 3-—-TrEst oF THE NULL HYPOTHESIS THAT PRO- 
DUCTION WORKERS AND NONPRODUCTION WORKERS 
ARE THE SAME 


Assuming a Production Lag 


‘No 
Production V 

Lag 
Rec- Tri- 

Industry y tangle angle Geometric 
331 0 58 35 3 
351 45 4 27 37 
353 26 6 73 100 
354 39 42 65 3 
361 86 17 18 72 


The critical values of x?(3) and x?(4) at the .05 signifi- 
cance level are 7.81 and 9.49, respectively. 


In the case of the model without a 
production lag, the values of V for four of 


the five industries provide strong evi- 


dence for rejecting the hypothesis at the 
5 percent significance level. For the model 
with a production lag, the null hypothesis 
is rejected in eleven of the fifteen equa- 
tions. 


IV. Summary and Conclusions 


The purpose of this paper has been ta 
construct a model of short-run employ- 
ment behavior in durable goods manu- 
facturing industries based on a theory of 
labor hoarding. This theory operates on 
the assumption that there are important 
costs associated with changing the labor 
force. Given these labor force adjustment 
costs, an optimal or minimum cost em- 
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ployment policy for a firm may be one in 
which the firm employs more labor during 
periods of declining output than is re- 
quired to produce the desired level of out- 
put. Using the necessary and suffhcient 
conditions for cost minimization, a pro- 
gramming algorithm was constructed 
which permitted us to obtain estimates of _ 
the maximum length of time it would be 
profitable for a firm to hoard idle workers, 
referred to as the labor-hoarding lag. Two 
models were constructed; the first model 
assumed that there was no production lag 
in durable goods industries, and the 
second model allowed for a production 
lag in the determination of required em- 
ployment. 

The results from both models provide 
strong evidence In support of the hypoth- 
esis that durable goods industries do 
hoard labor. Estimates of the labor- 
hoarding lag ranged from a low of 5 
months to a high of 14 months in the case 
of the first model, and from a low of 1 
month to a high of 22 months in the case 
of the second model. In addition, the per- 
formance of the second model in explain- 
ing the short-run behavior of employment 
in these industries was definitely superior 
to that of the first model. It was found, 
however, that the estimates of the labor- 
hoarding lag and production lag were 
fairly sensitive to the specification of the 
lag function. 
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Problems of Economic Policy from the 
Viewpoint of Optimal Control 


By Grecory C. CHow* 


A core problem in macro-economic 
policy is the evaluation of the performance 
of the economy under different specifica- 
tions concerning the policy instruments. 
There are a number of interesting prob- 
lems related to this core. The first is the 
setting of objectives in terms of which the 
performance can be evaluated. Second, 
given our knowledge of the economy, do 
policies exist that will serve to achieve or 
closely achieve these objectives? Third, 
how are good policies to be found and 
what form should they take? Presumably, 
a policy may involve coordinated use of 
several instruments. Fourth, assuming 


that our competing objectives, such as _ 


full employment and price stability, can- 
not be met perfectly by the best of policies, 
by how much can we improve upon the 
attainment of one objective by sacrificing 
the attainment of another? This is the 
problem of measuring the tradeoff possi- 
bilities available to the policy maker. 
Fifth, how are different policy proposals 
to be ranked and compared? Sixth, how 
can historical policies be appraised? 
Seventh, if one had to choose between 
subsets of instruments, say between mone- 
tary and fiscal instruments, in what way 
could a choice be made? In other words, 
how can the effectiveness of a subset of 
instruments be measured, relative to that 
of another subset? 

In this paper, I hope to demonstrate 
that these problems can, and indeed 


* Princeton University. I would like to acknowledge, 
with thanks, helpful comments from George Borts, and 
financial support from the National Science Foundation 
through Grant NSF GS 32003X. 
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should, be studied by the tools of optimal 
control for stochastic systems in eco- 
nomics. The above problems are by no 
means exhaustive, but they will be suf- 
ficient for illustrative purposes. In fact, 
the list may already be too long to be 
thoroughly treated in one paper. For- 
tunately for my exposition, a recent ar- 
ticle by Robert Holbrook on “Optimal 
Economic Policy and the Problem of In- 
strument Instability” has raised several 
issues that are related to the first four 
problems listed in the preceding para- 
graph. I will use the topic of instrument 
instability as a starting and focal point of 
my discourse on the first four problems, 
leaving the remaining problems to be 
discussed later in this paper. I will show 
that the questions raised, and only par- 
tially studied, by Holbrook, as well as 
the other questions concerning optimal 
economic policy, can be answered by the 
techniques of optimal control in a fairly 
general setting. 

Instrument instability was said to exist 
by Holbrook if “attempts to offset com- 
pletely the cumulative impact of past 
changes in the policy instrument may re- 
quire ever greater changes in the future 
value of the instrument” (p. 57). An ex- 
ample is provided by the model 


Vo Ax Okiti + 10 


where y- is the endogenous variable to be 
controlled and x, is the instrument. If 
the objective is to make y= 10, for many 
future periods, the solution is to set 4x, 
+ .6%11=0, or = — 1.5%, a situation 
characterized as one of instrument in- 
stability. 
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It is not difficult to see that the ques- 
tions of instrument instability are related 
_to the first four problems listed above. To 
study these problems in a more general 
setting than Holbrook, let there be given 
a linear econometric model in its reduced 
form, 


(1) pi Å iYi +... + Amt—m 
+ Coxs +... $Crtiin F bi + me 


where y, is a vector of endogenous vari- 
ables, +, is a vector of instruments, A; 
and C; are given constant matrices, b, are 
given vectors capturing the combined 
effects of other exogenous variables which 
are not subject to control, and m is a 
random vector with mean 0, covariance 
matrix V, and is’ uncorrelated with 
u,(t~s). One may ask, under what con- 
ditions will instrument instability exist? 
This question requires a definition of “in- 
stability,” which involves the setting of 
objectives for the performance of the 
economy. Given some definition of stabil- 
ity as an objective, it is concerned with 
the possible nonexistence of a policy that 
will serve to achieve the desired objective. 
Secondly, one may ask, if instrument 
instability is found to exist, to what ex- 
tent and in what way can the policy maker 
trade off this instability by allowing for 
instability in the endogenous variable(s) 
to be controlled? This question involves 
finding a good solution to reduce instru- 
ment instability, and ascertaining the 
tradeoff between instabilities in the in- 
strumentis) and in the endogenous vari- 
able(s). Third, if one instrument, say fed- 
eral expenditures, is found to be unstable 
when it is regarded as the only instru- 
ment (holding as fixed another instrument 
such as money supply), to what extent will 
the availability of another instrument 
alleviate the problem of instrument in- 
stability? This obviously involves the 
tradeoff between instabilities in different 
instruments. This question, which was not 
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raised by Holbrook because his framework 
only alowed him to study one instrument 
at a time, will simply be treated by our - 
method as a special case of the second 
question. 

Our framework will be more general 
than’ Holbrook’s in- (a) having possibly 
more tkan one endogenous variable to be 
controlled, (b) having possibly more than 
one instrument to be studied, (c) having 
possibly unequal numbers of endogenous 
variables and instruments, and (d) having 
possibly random disturbances in the sys- 
tem. Furthermore, our solution can be 
generalized to the case of (e) treating the 
matrices A; and C; as random matrices 
when the policy maker is uncertain about 
their values, and (f) of non-linear dynamic 
models. This paper will deal only with 
generalizations (a), (b), {c), and {d), 
leaving ʻe) and (f) to appropriate ref- 
erences. All the questions raised so far can 
be analyzed fairly easily once a framework 
of optimal control is set forth. This is the 
immediate task of Section I. In Section IT, 
the results of this framework will be used 
to study problems associated with in- 
strument instability. In Section ITI, mod- 
ifications cue to the stochastic nature of 
the problem will be set forth. Section IV 
deals with the other problems of eco- 
nomic pclicy mentioned above. 


I. A Framework of Optimal Control 


Let us Degin by rewriting the dynamic 
system (1) as a first-order system (2) in 
which the “current endogenous variables” 
will incorporate the instruments. We shall 
redesignat2 system (2) simply as equa- 
tion (3), 


(3) Ys = Ayer + Cay + bi + tt 


Note that the newly defined y, includes 
current and (possibly) lagged endogenous 
variables as well as current and (possibly) 
lagged instruments, whereas #, remains 
the same as before. This rewriting serves 
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two main purposes. First, by incorporating 
the instruments in y,, we can evaluate the 
performance of the economic system by the 
behavior of y, alone even when the be- 
havior of some instruments, such as 
government expenditures, should be in- 
cluded. This will simplify the writing of 
the objective function. Second, as is 
well known, the reduction of a higher order 
system into first order also facilitates ex- 
position. 

The performance of the system for a 
finite planning horizon from period 1 to 
period T will be judged by the deviations 
of y:, as defined in (3), from the vectors 
a, which are targets to be specified by the 
policy maker (t=1,..., T). Specifically, 
welfare cost will be measured by 


T 
(4) W = Eo DE (yi — U) Kiely — dy) 
tol 

where E, denotes expectation conditional 
on the initial condition yo, again in the 
notation of (3), the prime denotes trans- 
pose, and A, are known, symmetric 
(usually diagonal), positive semidefinite 
matrices, with zero elements as a rule 
corresponding to lagged (endogenous and 
control) variables. The problem is to 
minimize expected welfare cost (4) by 
setting the time path of the instrument 
xi(t=1,..., T), given the model (3). 

The formulation of this problem is 
dynamic. The performance criterion eval- 
uates y, for many periods. Since the 
decision x for the first period will affect 
the outcomes y, for later periods through 
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the system (3), thus restricting the pos- 
sibilities open in later periods, one should 
take into account the multiperiod char- 
acter of this problem in choosing (and 
hence also in appraising) the values of the 
instrumentis at each period. The problem 
is also stochastic. One cannot control the 
future outcomes exactly, but only the 
probability distributions of the outcomes 
and the expectation of certain (welfare) 
functions of these outcomes. It is con- 
cerned with the evaluation of stochastic 
time-series y, under different regimes. The 
stochastic nature has implications on com- 
paring diferent policy proposals and on 
judging historical policies. 

Because the model is linear, its parame- 
ters are assumed to be known, and be- 
cause the welfare cost is quadratic, the 
dynamic stochastic problem here formu- 
lated is one of the simplest and most 
basic problems in stochastic control theory. 
While other elementary methods of solving 
this problem can be found in Chow (1972a, 
b), I will provide here a solution using 
the method of dynamic programming of 
Richard Bellman. The method begins by 
solving the problem for the last period T, 
given the initial condition yy... The wel- 
fare cost is 


(5) Wr = Evilyt — ar) Kr(yr — ar) 
= EqalyrHryr — 2yrkr + crl 


where we have set Hr=K+r for ease of 
generalization to the multiperiod problem 
later on, and have set r= kr= Kray, and 
cr=a{K rar. Using the model (3) for yr 
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and taking expectations, we minimize 

(6) We = (Ayra + Cer + bry Hr Ayri 
+ Cap + br) — (Ayr + Cer 
+ bo) hy + EriurH rur + cr 


by differentiating with respect to the 
vector #7, 





aly 
(7) i = 2C'’Hr( Ayr- + Cxr + br) 
vy 
=< 2C hr = 0 


The solution of (7) yields the optimal 
policy forthe last period, ` 


(8) fp = Govra + gr 

where 

(9) Gr = — (C'HrC)-\(C'H A) 

(10) gp = — (CHC) C (Arby — hr) 


Equation (8) is the optimal feedback con- 
trol equation, showing that the optimal 
policy for period T is a linear function of 
all the variables yr-ı which will affect the 
outcome 47 through system (3). It also 
shows the multiperiod nature of our solu- 
tion. The value of êr cannot be set in 
period 1 since it depends on yr_, which is 
not yet observed, but the optimal êr can 


be specified as a function of yr- and this. 


function will be needed for us to deter- 
mine the optimal policies for earlier 
periods. 

To obtain the optimal expected cost for 
the last period, conditional on the data 
yy_i, We substitute (8) for x7 in (6), 


(11) We=yr1(A+CGs) Hr A+CGy) yr-1 
+ 2yq_1(A+CGr)' (Hrbr—hr) 
-+(Cgr tbr) Hr(Cgr tbr) 
—2(Cgr+ br) hr+er4EurH rwr 


Consider now the problem for one more 
period T—1. This two-period problem 
involves the choice of two policies, ær 
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and žr- but we have already found an 
optima. policy #7 for the last period as a 
function yr. The only remaining prob- 
lem is to choose xr optimally. The 
choice of x7_1 will affect yr4, but, what- 
ever }7-1 will be, our previous solution 
guarartees that ær shall be chosen op- 
timally. This logic carries over to many 
periods. At the beginning of any period t, 
we are concerned only with the choice of 
x, provided that we have obtained the 
optimal solution for the remaining periods 
from i+1 on. That solution will depend 
on ye which the current decision x, will 
influence, but whatever the outcome ys 
may be, we know that all future decisions 
Xia, .-., £r will be optimally chosen. By 
the principle of optimality of Bellman, 
we minimize only with respect to #71 


(12) Fqoolyt Koyo — 2yp kes 


+ ee Ce E + Wal 
where the welfare cost includes the con- 
tributior from the current period T—1 
plus the optimal cost from period T on. 
Substituzing (11) for Ŵr into (12) will 
yield 


(13) Wri=Er lyri 
— Žyrihr-it er] 
where 
(14) Api=Kyrit(A+CGr)’Hr(A+CGr) 
(15) hr-1=krat (4 +CGr) (hr— H rbr) 
(16) asiak eaa 
+(Cgr+br) HrlCgr+ br) 
= Catan irt crt Eur rur 


The solution for the T-period problem 
is complete if one observes that the ex- 
pression (13) to be minimized with respect 
to x7r_; has the same form as expression. 
(5). One can thus repeat the process from 
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equations (5) to (16), with the subscript 
T replaced by T—1, and so forth. In sum- 
mary, optimal control consists of choosing 
the instrument x, as a linear function 
Giyitte: of the variables yı of the 
previous period, as in equation (8). The 
matrices of coefficients G, are determined, 
together with H,, by solving equations 
(9) and (14) alternatively, backward in 
time from t=T, and with initial condi- 
tion Hr=Kr. The matrices G, and M 
having been obtained, the vectors g:, to- 
gether with %, are determined by solving 


equations (10) and (15) alternatively, 


backward in time irom t=T, and with 
initial condition hp= kr= Krav. 

Of course, in the beginning of period 1, 
one needs to act only on %, but the above 
' derivation shows tkat the optimal £, de- 
pends on G, and Hy, which in turn depend 
on the future H, and G, t=2,...,T. By 
the multiperiod nature of our problem, 
future policies have to be taken into ac- 
count in the determination of the optimal 
policy for the first period. Our calculations 
will also yield the expected welfare cost 
associated with the optimal policy from 
periods 1 to T, given the initial condition 
yo. It is given by 2quation (11), with T 
replaced by 1, thus being a quadratic 
function of yo. In tke calculation of Wi, we 
need cı, which can be obtained by solving 
equation (16) backward in time. 

If the matrices X, in the welfare func- 
tion are all equal to K, the solution for 
G, and H, may reach a steady state, for t 
smaller than a certain value, that will 
satisfy 


(17) G=—(C'HCYCHA; 
(18) H=K+(4+CG)'H(A+CG) 


Since (18) can be written as an infinite 
series 


(19) H = K+ (A+ CG)/K(A + CG) 
+ (A+ CG@)?K(A4CG)?+... 
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the steady state will exist if, and only if, 
the series converges. Convergence occurs if 
all the characteristic roots of the matrix 
(A-+CG) are smaller than one in absolute 
value. Even when G, and H, do reach a 
steady state, g, and A, will usually not do 
so if kyi(=Ka,.) and b, are changing 
through time, as can be seen from equa- 
tion (15). If G is constant for t=1, 2, 3, 
..., the optimal policies #, should re- 
spond to the data y, in the same way, but 
the intercepts g, will change because the 
targets a, and the effects & of the uncon- 
trolled exogenous variables are changing— 
optimal policies should take these changes 
into account. 


IJ. Problems Associated with Instrument 
Instability for Deterministic Systems 


The questions raised by Holbrook are 
for a deterministic model, i.e., model (1) 
with u,=0. It may be of interest to con- 
sider this special case first. Note that the 
above formulation of, and solution to, the 
optimal control problem applies easily to 
this case—simply erase the expectation 
signs and set #, equal to zero. The linear 
feedback control equations x= Gye t gt 
and the computations of G, and g, remain 
the same as in the stochastic case. 

Before analyzing any questions, one 
may wish to define instrument instabil- 
ity. Holbrook did not give a precise defini- 
tion. By this term, one might mean (a) 
that the optimal time paths of x, are ex- 
plosive and/or (b) that they contain oscil- 
lations. If x, satisfies a system of linear 
difference equations, (a) will occur when 
some roots of the system are larger than 
unity in absolute value; (b) can occur if 
some rocts are complex and/or negative.} 
I suppose that the degrees of (a) and (b), 
namely, how explosive and how large the 
oscillaticns, should also matter. Thus the 


l! Proofs of these well-known propositions can be 
found in Chow (1968). 
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absolute values of the roots, be they real 
or complex, will matter. If one specifies 
that the first differences of economic 
variables satisfy a linear model like (1), he 
might reasonably require, in his definition 
of stability, that the instruments x, (also 
in first differences) de not explosive, or 
not very explosive. But if the model ex- 
plains the levels of economic variables 
which are expected to grow, some ex- 
plosiveness in the instruments should not 
be considered unstable. In short, instru- 


ment instability requires one to examine 


the explosiveness and/or the extent of 
oscillations of the optimal time paths of 
the instruments xr. 

Will instrument instability exist for a 
particular system? To answer this ques- 
tion, one simply studies the optimal path 
of x, which, in the nctation of (3), is im- 
bedded in the vector ye. When optimally 
controlled, y, will satisfy (in the deter- 
ministic case) 


(20) ye = Ayer + Cu + bi 
= (A + CGi)s1-1 + Oe + Cgi 


and the behavior of such a system can 
easily be analyzed, especially when G, 
reaches the steady state G. For G,=G, and 
denoting b.+Gg. by b., say, the solution 
to (20) is 


(21) ye = (A + CG) yo + b 
+(A+CQbi+... 
+ (A + CG), 


in which the homogeneous part (A + CG) tyo 
is explosive or oscillatory, depending on 
whether the roots are large in absolute 
value or complex. 

One might ask, if the system omitting 
the influence of x, Le., 


(22) be Å Yii + bi 


is explosive (damped), will the system in- 
cluding the instruments x, which are set 
optimally, i.e., system £20), be explosive 
(damped) also? Either case can happen, 
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but tc dampen an otherwise explosive 
system by optimal control is more likely 
thar. toc change an otherwise stable system 
to an ezplosive one. After all, a purpose 
of control may be to dampen an explosive 
system. From equation (9) for G, (or from 
equatior (17) for G), each column of the 
optimal feedback control matrix G, can be 
interpreted as coefficients of a regression 
of the ccrresponding column of the matrix 
A on cclumns cf the matrix —C. In other 
words, if the first column of A, say. Ai, are 
observations on a dependent variable, and 
the columns of — C are observations on the 
explanatory variables, then the first col- 
umn of G,, say Gia= —(C’AC) C'HA, 
are coefficients in the regression A 
= — CG, , +R, obtained by the method of 
Aitken’s generalized least squares. The 
purpese of regression is to make the col- 


umns of residuals 


(Ri aR. e ) = Ri = A + CG 


small—in fact, for column 1, it is to mini- 
mize he weighted sum of squares of the 
residuals Ri HRs. Therefore, if some 
roots of A are larger than one in absolute 
value, the roots of the matrix R,=A-+CG, 
of regression residuals may not be, in 
which cese the system under control is 
damped. 

How would it be possible for the matrix 
A to be stable, but the matrix A+CG 
(omitting subscript t) to be unstable? It is 
possib-e, when the weighting matrix H, 
which is derived from the matrix K of 
welfare weights by equation (14), is un- 
even in assigning weights to different 
residuels. As an example, consider the 
simple system given in the third paragraph 
of the introduction of this paper. In the 
notaticn of (2) and (3), this system is 


i e alea 
Liero] 
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The matrix A has multiple roots of zero. 
If the purpose of control is to steer y, to 
target, but to ignore the behavior of x, the 
2x2 matrix K is diagonal with unity as its 
leading element, and 


09 c-fos oG YT 
oo 9 


= —(16)-(0 .24)=(0 —1.5) 


0 .6 0 —.6 
(24) A+ 06 =( )+( ) 
0 0 0 —1.5 


G as) 
~\o -1.5 


OS) Hug KAA ACC RUA ECGs) 


G 


Therefore, the values for Gr and Hra 
given in (23) and (25) are steady-state 
values, and we have an explosive root 
— 1.5 in the residual matrix A +CGr. 
One can now state several relevant 
propositions concerning optimal control 
that are based on the theory of Section I. 


First, it is possible to steer certain en- | 


dogenous variable(s) exactly to targets, 
under appropriate conditions to be speci- 
fied below, by solving the optimization 
problem of Section I that employs the 
quadratic welfare function (4), and assign- 
ing positive costs only to the deviations 
of the variable(s) selected. Second, if the 
number of target variables (the number of 
nonzero diagonal elements in K) is equal 
to the number of instruments, the mini- 
mization problem of equation (5) will be 
solved with (yr—ar} K(yr—ar)=0, and 
so on for equation (13), etc., and the vari- 
ables will be on target exactly—assuming 
that the rank of C is equal to the above 
number. Third, if the number of target 
variables is larger than the number of in- 
struments, the former variables will not 
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reach targets exactly, and their deviations 
from targets will depend on the welfare 
weights in K assigned to them.’ 

Fourth, instrument instability, insofar 
as it pertains to some characteristic of the 
time path x, can exist no matter whether 
the welfare weights are assigned only to the 
originally endogenous variables, or also to 
the instruments (imbedded in y,). Hol- 
brook treated only the former case, in fact, 
a rather special case of the former when 
the numbers of target variables and of in- 
struments are both equal to one. Fifth, 
once the last point is recognized, as it is 
from the theory of Section I, one can trade 
off the stability characteristics not only 
between the truly endogenous variables 
and the instruments, but also among the 
instruments themselves (and among the 
endogenous variables themselves, of 
course). All these can be accomplished by 
changing the diagonal elements of the 
matrix K. For example, if total govern- 
ment expenditures and money supply are 
two instruments, giving more weight to 
the former (and specifying its target path 
to be smooth) will mean more stability for 
it, as compared with the latter instru- 
ment, when the weights for the endogenous 
variables remain unchanged. 

Once the basic ideas of optimal control 
are understood, one might not wish to 
take the concept of instrument instability 
very seriously. What matters are the dy- 
namic characteristics of the time path in 
question, be it a dependent variable or an 
instrument. Moreover, within the frame- 
work of Section I, a good measure of the 
dynamic performance of the variable is 
the sum of its squared deviations from the 
target path over time. If the variable 
fluctuates violently, and the target path is 

2 If the number of target variables is smaller than the 
number of instruments, there will be more than one way 
to achieve the targets exactly, and the computation of 
the optimal control matrices G, can be performed by 
using a generalized inverse for (C'H,C), where the rank 


of H, and thus of the entire matrix, is smaller than the 
number of instruments. 
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smooth, its performance is poor by this 
measure. If the variable increases rapidly, 
and the target calls for no increase or a 
small increase per period, its performance 
is poor by this measure. Having solved the 
problem of optimal control, one can easilv 
compute the optimal path of y, (including 
x, as a subvector) using equation (20) and 
thus the sums of squared deviations of all 
variables from targets, and, in fact, a 
weighted sum of these sums as a measure 
of welfare cost. 


Having discussed instrument instability, . 


we have also provided answers to the 
problems of setting objectives, ascertaining 
the existence of good solutions (by simply 
calculating W,), finding optimal solutions, 
and, to a lesser extent, welfare tradeoffs be- 
tween target variables, possibly including 
instruments. The last problem and the re- 
maining problems mentioned in the in- 
troduction will be treated in Section [V. In 
the next section, modifications required by 
the stochastic nature of the problem will 
be discussed. 


II. Modifications for Stochastic Systems 


For a stochastic system, one retains the 
random disturbance 2, in equation (3) and 
the expectation sign in equation (5), etc. 
The objective of control, in the framework 
of Section I, is to minimize the expecta- 
tion of a weighted sum of squared devia- 
tions of selected variables from targets. 
In this section we will point out several 
implications of including the random dis- 
turbance in the dynamic system (3). 

First to be noted is the fact that the 
optimal control equations #:,=Gur-itg: 
remain exactly the same as in the de- 
terministic case. However, there is an im- 
portant difference in that the time path of 
the optimal #, is now stochastic, since 
Yş1 is stochastic, whereas both « and 
Y4 were deterministic before. In other 
words, when #,=0, it was possible to cal- 
culate, in period 1, the optimal £, for all 
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t, since all future y, were to be determined 
by equation (21). With stochastic dis- 
turbances present, future y, becomes 
stochastic, and optimal # can be deter- 
mined rumerically only after yı are ob- 
served. 

It is fruitful to decompose the stochastic 
time series y, generated by the system (3), 
when x, is optimally controlled, into two 
parts. The first part ją is deterministic 
and the second yf is stochastic. When 
x, follcws the optimal policy e= Gyia 
-Hgs system (3) will become, with G, 
reaching the steady state G, and with 
b, denozing beH Cgi: 


(26) z = (A + CG)y-1 + & + um 
= Ry + by + ty 


After repeated substitutions of ye in (26) 
by Ryirtbit tty and yi by Ry 
+... etc., one easily finds that 


(27) y = Reyot (be + Rbt ... +R) 
+ us + Raat... H Rola, | 


The first line on the right-hand side of (27) 
is the mean of the process, to be denoted 
by Je It is identical with the time path 
(21) cf the deterministic system of Section 
II, with =y. The second line of (27) is 
the deviation from mean, or the random 
part of the process, to be denoted by yf. 
It is generated by the process 


(28) y = Ry + th 


If cne were interested in studying in- 
strument instability for this dynamic 
stochastic system under control, he would 
have to define “instability”? in terms of 
certain crnamic characteristics of a sto- 
chastic tirae-series, and to ascertain these 
characteristics for the time series y, given 
by (27). Once y, is decomposed into J, and 
yx, there are ways to characterize its ex- 
plosiveness and cyclical fluctuations, and 
to derive tae measures of these characteris- 
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tics for system (27).2 We will not pursue 
the subject in this paper because instru- 
ment instability is not considered to be a 
subject of great interest in itself and be- 
cause an adequate treatment would be too 
lengthy here.‘ 

As it was pointed out in Section IT, in- 
strument instability should be taken less 
seriously than, or should be replaced by, 
the weighted sum of squares of deviations 
of y, from the targets as where y, incor- 
porate both instruments and truly endog- 
enous variables. In the stochastic case, it 
is the expected weighted sum of squares 
given by (4) for any policy, or by W, for 
the optimal policy. Equation (11) for T= 1 
and equation (16) can be used to compute 
W, for the stochastic case. Note that, in 
the deterministic case, all Hu{Hiw, in the 
calculation of W, would be zero. Thus the 
(optimal) expected welfare loss in -the 
stochastic case equals the loss for the 
deterministic case, i.e., for the time-series 
J, plus the expected loss due to the ran- 
dom disturbances, i.e., from the time- 
series yf of equation (28).. The former 
component is due to deviations of J, from 
at, while the latter component is due to the 
deviations of y, from J, namely, the de- 
viations yf.5 This decomposition deserves 
several comments. First, even if the num- 
ber of instruments equals the number of 
target variables, one cannot expect the 
stochastic time-series y, to be on target 
exactly because of random disturbances, 
and the expected squared deviations will 
contribute to the expected welfare loss, as 
measured by the second component of 
Where the first component is zero be- 
cause the deterministic path J; is exactly 


3 These have been developed and discussed at. length 
in Chow (1968), (1970), Chow and Richard Levitan 
(1969a, b). 

4 The treatment would be straightforward by meth- 
ods set forth in the references cited in the preceding 
footnote. 

5 For alternative developments of this decomposition, 
see Chow (1972a, b). 
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on target. Second, when the number of 
target variables exceeds the number of in- 
struments, as it is more often the case, 
both components of W, will be positive. 
Third, calculations based on the simple, 
aggregative macro-economic model of 
Chow (1967) have shown that, for a num- 
ber of reasonable welfare functions, the 
component of W; due to the stochastic dis- 
turbances is invariably much larger than 
the deterministic component, indicating 
the importance of considering the stochas- 
tic aspect of the problem in the measure- 
ment of welfare cost.* Thus, although the 
introduction of random disturbances does 
not change the optimal control equations, 
it materially affects the nature of the time 
series generated by the controlled system, 
and increases the optimal expected welfare 
cost. ' 

Perhaps it is felt that recognizing the 
random disturbances is to recognize only a 
part of the problems associated with a 
stochastic system. Another important as- 
pect is the uncertainty of the exact values 
of the parameters A and C of the system 
(3). When A and C are estimated statis- 
tically, the errors in the estimates have to 
be taken into account in the design of 
optimal policies, as they would affect both 
the optimal control equations and the as- 
sociated expected welfare loss. This sub- 
ject is treated in Chow (1972c) and will not 
be pursued further here. For an approach 
to control problems with non-linear sys- 
tems, the reader is referred to Michael 
Athans. 


IV. Other Problems of Economic Policy 

First, let us consider the problem of as- 
certaining the tradeoff possibilities be- 
tween different target variables. The 
optimal control solution will minimize the 
welfare loss by appropriately weighting 
the respéctive sums of squares of devia- 
tions of these variables from targets ac- 


® These calculations can be found in Chow (1972b). 
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cording to the elements of the matrix K. 
In the deterministic case, the solution 
provides a given value for each target 
variable tor each time period. In the 
stochastic case, the mean values of the 
target variables are given by Jẹ as well 
as their variances and covariances by the 
variances and covariances of yf. Thus, 
the sum of squared deviations over time 
of each variable from its target path, or 
the expectation theréof in the stochastic 
case, is provided by the optimal solution. 
For example, the average squared devia- 
tion over time for the rate of unemploy- 
ment (from zero) may turn out to be the 
square of 6 percentage points, and the 
average squared deviation for the rate of 
inflation (from zero) may be the square of 
4 percent per year. To obtain another 
point in the unemployment-inflation trade- 
off, say with a reduction of unemploy- 
ment, one simply changes the diagonal 
elements of the matrix K to make the 
deviation .of unemployment more costly 
relative to that of inflation, and calculates 
another optimal solution. The latter may 
turn out to be a combination of 5 percent 
unemployment and 5 percent inflation. 
There appear to be advantages of this 


approach for ascertaining the tradeoff. 


possibilities between different objectives 
over the approach by simulations as it is 
currently practiced. First, we are forced, 
in the optimal control framework, to make 
some attempt to rank the different sets of 
time paths for the target variables to be 
generated by different policies. Second, 
the ranking is done not only for one sam- 
ple from each policy but for the average 
over samples as derived analytically by 
taking mathematical expectation. Often, 
simulation studies ignore the stochastic 
disturbances in the system. If they do not, 
averaging over many samples generated 
by random drawings from the distribution 
of the disturbances will be required, and 
the errors in estimating the true mathe- 
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matical expectation of the squared devia- 
tions are often difficult to assess. Further- 
more, and this is the third point, without 
doing some optimization as a guide, one 
would have to try many different policies 
in a simulation study. This not only ag- 
gravates the difficulties of the second 
point, Eut more importantly, one may 
never discover the very good policies. 
From taz viewpoint of tradeoffs, one may 
miss the policies that would lower both the 
rates of unemployment and inflation. 

A pur:st may object to the method of 
ascertaining the tradeoffs as described 
above. I= one were to take his quadratic 
welfare function seriously, and obtain an 
optimal solution with 6 percent unemploy- 
ment and 4 percent inflation for some 
year, this must be the best that he can do. 
There is no reason for exploring whether a 
combination of 5 percent and 5 percent is 
feasible, because, even if it were, the 
policy maker would not prefer it as it is 
not optimal according to his solution. 
There are at least two answers to this. 
First, another policy maker may have a 
different welfare function, and may prefer 
a 5-5 com ination to a 6-4, and it would be 
useful to exhibit various possibilities. Sec- 
ond, a cuadratic welfare function has 
many wel-known limitations. It may be a 
reasonable approximation to the pref- 
erence of the policy maker only in a cer- 
tain region of the target-variable space, 
say near zhe target point a, of (3, 2) for un- 
employment and inflation and to the right 
and above that point. If the optimal solu- 
tion is faz from that region, the policy 
maker wi-l want to write another quadratic 
approximation to his preferences to see 
whether the result will turn out to be 
better. This will amount to the procedure 
which we have recommended, with the 
amendment that the target point itself is 
subject te change, besides the matrix K. 

Another problem of interest is the 
evaluation of policy proposals. For ex- 
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ample, would increasing money supply by 
5 percent per year be a good policy? Such 
a proposal is not a complete specification 
of a policy. What are to be assumed for 
the other instruments? Are they to follow 
an optimal feedback rule while money 
supply is to be incr2zased at a constant 
rate, or are they to maintain constant 
rates of change also? In the latter case, at 
what rates? By what criteria is the dy- 
namic performance of the economy to be 
judged? Using the framework of optimal 
control, I have specified target paths for 
certain econlmic variables generated by 
the model of Chow (1967) and obtained 
the suboptimal policies under the restric- 
tion that the two instruments, money 
supply and government expenditures, are 
to grow at constant rates—the rates being 
determined suboptirmally for each welfare 


function specified. I have then compared 


the welfare losses associated with these 
policies with those for the optimal policies, 
and have found that the former are from 
40 to 80 percent larger than the latter for 
the given econometric model. The results 
are reported in Chow (1972b), and they 
constitute an evaluation of policy pro- 
posals by the methcd of optimal control. 
For both the evaluation of policy pro- 
posals and the appraisal of historical 
policies, it is necessary to use a dynamic 
model in order to take into account the 
effects of a decision in one period on the 
outcomes of later periods. It is also neces- 
sary to treat the dzcision of one period in 
conjunction with the decisions of other 


periods. It would be inadequate to eval- 


uate an action solely by the consequence 
in the same period, or to ignore the struc- 
ture of intertemporal decisions.’ The ‘de- 


T Without the benefits of the tools of optimal control, 
early studies in the evaluation of macro-economic policies 
ran into these difficulties. For example, Martin Bronfen- 
brenner, in comparing rival monetary rules, assumed 
that the effect of a change in money supply would work 
out in the period of one year. The study of Franco 
Modigliani, in comparing for each period the historical 
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sirability of using a welfare function as a 
yardstick and of using an optimal control 
solution as an alternative for comparison 
require no further comment here.-Further- 
more, for the appraisal of historical recerd, 
it would be desirable to describe the be- 
havior of policy makers by some decision 
rule, rather than by the numerical out- 
comes of their actions. This suggestion is 
entirely consistent with the recent research 
interest in explaining government policy 
variables by systems of equations. These 
equations are useful for forecasting pur- 
poses, and the explanation of government 
behavior quantitatively is in itself im- 
portant. For the purpose of historical ap- 
praisal, this suggestion is consistent with 
the fundamental proposition in the study 
of decision under uncertainty that a deci- 
sion should be judged by the expected 
utility of the outcome when it is made, 
and not by the utility of the outcome that 
actually occurs since the latter is affected 
by chance elements. In a deterministic 
world, one could use a nonstochastic eco- 
nomic model, and compare the time paths 
of the economic variables generated by 
the historical values of the instruments, 
treated as constants, and the time paths 
generated by alternative values of the in- 
struments, also treated as constants. 
When there are random disturbances, the 
historical values might be sample out- 
comes of certain rules and should not be 
judged as if the policy makers had specified 
these quantities as constants independent 
of the random events that had occurred. 
By incorporating empirically estimated 
dynamic relationships describing govern- 
ment policies into an econometric system, 
as we did for the optimal policies, one can 
study the dynamic performance of the 


money supply with some “target” money supply which 
the author specified, also failed to consider the dynamic 
consequences of a decision. Furthermore, the target 
money supply could hardly have been an optimal path 
since intertemporal decision was not considered. 
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economy as it was historically regulated. 
Comparison of the expected welfare loss 
and other properties, with those of an 
optimal policy, or of an alternative policy 
proposal, can then be made. A crude be- 
ginning based on this approach was de- 
scribed in Chow (1972b). 

As the last problem, consider the mea- 
surement of the effectiveness of monetary 
versus fiscal policies. It is generally rec- 
ognized that comparing the coefficients of 
money supply and government expen- 
ditures in a regression of national income 
on these variables will leave many ques- 
tions unanswered. Is national income the 
only variable of interest? How can co- 
efficients be compared without giving 
considerations to the costliness of chang- 
ing the policy variables? How about the 
dynamic nature of the problem? The 
lagged effects of the instruments will have 
to be judged, but not by simply inspecting 
the sets of coefficients in a distributed-lag 
relationship between national income and 
the instruments, because a relevant com- 
parison requires letting each set of policy 
instruments perform at its best under a 
dynamic and stochastic setting, namely, 
letting them follow some optimal control 
rules. This last point applies equally weil 
to the study of effectiveness of different 
policy instruments by the method of 
simulations using dynamic econometric 
models. Not only is the estimation of ex- 
pected welfare associated with each policy 
by way of stochastic simulations involving 
many variables for many periods costly 
and subject to errors, as pointed out be- 
fore, but it is virtually impossible to design 
rules for these instruments which will show 
their true “effectiveness” without some 
optimization procedure as described in 
this paper. 

I hope tc have demonstrated that the 
concepts and tools of this paper are ex- 
tremely useful and important for the study 
’ of economic policy, and that this subject 


DECEMBER 1973 


can be greatly advanced by an approach 
that is fundamentally multivariate, dy- 
namic, forward-looking, and stochastic in 
conception. The theory of macro-eco- 
nomic policy need no longer be built on 
compérative statics under the assumption 
of certainty, but rather should be con- 
cerned with problems of comparative 
dynamics in a stochastic setting.’ In the 
empirical study of economic policy, the 
tools cf optimal control should not be re- 
garded as capable of yielding one final 
solution to policy, but rather should be 
applied with flexibility as a means of 
uncovering the preferences of decision 
makers, the reasonably good possibilities 


- open for policy, and thus the dynamic 


characteristics of the economy. 
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The Interaction Between Federal Credit 
Programs and the Impact on the 
Allocation of Credit 


By RUDOLPH G. PENNER AND WILLIAM L. SILBER™ 


Federal credit programs and policies 
aimed at increasing the amount of re- 
sources devoted to specific types of ‘‘so- 
cially desirable’? expenditures, such as 
housing, have expanded considerably dur- 
ing the past five years. In general, these 
policies and specific programs have costs. 
They also interact with one another in an, 
as yet, undefined way. Our objectives in 
this paper are to describe the determinants 
of the relative effectiveness of the dif- 
ferent government credit programs and 
policies in implementing the flow of funds 
(and resources) into a particular sector. 
We also analyze the interaction between 
different credit programs. Housing will be 
used as the specific example because it is 
currently high on the priority list of 
government policy and, more importantly, 
there are a myriad of policies and pro- 
grams aimed at promoting housing. 

Three qualifications are in order at this 
point. We include in the term “‘costs” the 
total diveci cost to the government and 
private sector arising from a particular 
policy. We do not compare the indirect 
costs of a program such as the possible 
reduction in the efficiency of the financial 
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sector or any excess burdens of a policy 
in the welfare sense. We also do not ques- 
tion the government’s concern with hous- 
ing. Ta2 government intervenes and sub- 
sidizes a sector of the economy when it 
believes that real social benefits exceed 
private benefits or real social costs are less 
then tke private sector’s evaluation of real 
costs. We assume this to be the case in 
housing. Finally, we do not analyze the 
costs aad benefits of diverting the flow of 
resources via credit programs as opposed 
to attazaing subsidies to the real side of, 
say, hcevsing activity. Most government 
housing programs are aimed at diverting 
the fov of credit. Our concern is with the 
interaction between and impacts of these 
programs, 

In Section I of the paper we provide the 
conceptual and analytic framework. In 
Section II the actual programs are de- 
scribed in detail and are then placed 
within taz context of the theoretical model. 
The paper concludes with the policy im- 
plications of the analysis. 


I. Theoretical Framework 


We start with a set: of simplifying as- 
sumptions which eliminate certain com- 
plicatiors from the analysis without 
severely Emiting the generality of the con- 
clusions. “irst, we measure the impact of 
housing credit programs by the effect on 
the flow of mortgage credit and the im- 
pact on the terms of credit. While such 
effects om credit are likely to have an im- 
pact on apusing activity (since mortgage 
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flows and rates are related empirically to 
housing activity),! this relationship is not 
essential for our purposes. Second, the 
analysis proceeds as though the effective- 
ness of programs is related solely to their 
ability to lower the mortgage rate of in- 
terest paid by the borrower or increase the 
flow of mortgage credit. This ignores the 
fact that most credit programs apply to 
particular types of mortgages or to par- 
ticular groups in the population (for ex- 
ample, veterans, poor people, etc.) and 
that different groups may have different 
elasticities of demand for housing with 
respect to the mortgage rate. A detailed 
comparison of elasticities is beyond the 
scope of this paper. Third, for simplicity, 
the mortgage rate of interest is specified 
as the only determinant of the supply and 
demand for mortgage funds (implicitly in- 
cluding the amortization period and the 
loan-value ratio and their impact on 
mortgage supply and demand). Finally, 
we also assume that various government 
programs are well managed and pursue 
an optimum strategy in trying to achieve 
their stated goals. For example, we ask 
what conditions determine whether a well- 
run secondary market program has a 
positive impact on the supply of mortgage 
credit. We do not ask whether the actual 
secondary market program is well man- 
aged. 

Given these assumptions, it is useful to 
classify credit programs as follows: 


1) Policies in this category are de- 
signed to affect the interest rate paid by 
mortgage borrowers without changing the 
risk characteristics of such securities. Two 
very different techniques are used in the 
pursuit of this goal: (a) Programs in this 
subgroup provide explicit interest sub- 
sidies which introduce a wedge between 


1 For empirical evidence on the impact on mortgage 
credit and mortgage rates on housing, see Eugene Brady; 
Ray Fair, ch. 8; Craig Swan, 
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the mortgage rate received by the lender 

and that paid by the borrower, usually 
lowering the latter and raising the former. 
(b) Policies in this subcategory lower both 
the borrower and lender rates by inducing 
lending institutions (for example, via port- 
folio regulations on savings and loan asso- 
ciations) to raise their supply of mortgage 
funds at all rates of interest. The cost of 
programs under 1a) are explicit (the sub- 
sidy) while cost of programs under 1b) are . 
implicit. The incidence of the costs under 
ib) will be discussed below. 


2) In this category the programs are 
designed to first change the risk charac- 
teristics of mortgages so that they become 
more desirable assets to lenders (for ex- 
ample, a reduction in lenders’ risk by 
government Insurance and guarantee pro- 
grams or by the creation of a secondary 
market). This reduction in risk then raises 
the supply of mortagage funds and, pre- 
sumably, lowers both borrower and lender 
rates. In these programs costs can be both 
explicit and implicit as we will see below. 


This classification of credit programs 
permits a formal analysis of their relative 
effectiveness. Policies under 1a) and 1b) 
will be called wedge-type programs and 
portfolio-restriction type policies, respec- 
tively, and will be discussed first. Programs 
listed under 2) will be called mortgage 
characteristic programs, and will be dis- 
cussed last. 


A. Determinants of Policy Effectiveness? 


For any given demand curve for mort- 
gage funds, a wedge-type subsidy on all 
interest paid attracts more additional 
funds to the market the more interest 
elastic is the supply curve of mortgage 
funds. A highly elastic supply curve exists 
when mortgages are good substitutes for 


2 Work in this area has been done by George Break, 
Jack Guttentag and D. C. Rao and Ira Kaminow. 
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other assets in investor portfolios (i.e., a 
small increase in the relative rate of return 
on mortgages induces portfolio substitu- 
tion in favor of mortgages and a corre- 
sponding increase in supply). 

This positive relationship between the 
‘degree of substitutability between mert- 
gages and other securities and the effec- 
tiveness of wedge-type subsidies is illus- 
trated in Figures l(a) and 1(b). The 
mortgage rate, fm, 1s on the vertical axis 
and the dollar volume of mortgages, $M, 
is on the horizontal axis. The demand 
curve for mortgage funds, D, is negatively 
related to tar. The supply curve, S, is gen- 





O D E $M 





Ficure ib 
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erally a positive function of im. The elas- 
ticity of supply is determined by the degree 
of substitutability between mortgages and 
other securities. The supply curve shifts 
with a change in the risk characteristics of 
mortgazes and also shifts when rates on 
“other securities” change as long as 
mortgazes and other securities are sub- 
stitutes or complements. 

In Figure 1(a), the supply curve of 
mortgage funds is infinitely elastic at 
rate zr, This situation occurs when 


mortgages and other securities are perfect 


substitutes at the existing rate structure.’ 
Introducing an interest subsidy to bor- 
rowers equal to AB raises the demand 
curve for mortgage funds to D’. This 
elicits n increased supply of mortgage 
funds ir the amount DE. The new effec- 
tive rate to the borrower is EF and the 
total supply of mortgage funds now stands 
at OE. Since mortgages and other secu- 
rities are perfect substitutes, neither is, 
(the rete received by lenders) nor the rate 
on other securities change, hence, there is 
no feedkack to the supply curve of mort- 
gage funds due to changes in other rates. 

In Figure 1(b) the case of an infinitely 
inelastic supply curve is illustrated, cor- 
responding to the zero substitutability 
case. Here the effective rate to the bor- 
rower remains at DA, the rate received 
by lenders increases by AB and mortgage 
funds remain at OD. There is no feedback 
to the supply curve of mortgages from 
other securities markets due to the inde- 
pendence condition. 

The case of some, but not infinite, sub- 
stitutability between mortgages and other 
securities produces results that lie between 
the extremes in Figures 1(a) and 1(b). In 
other words, with a positively sloped 
mortgage supply curve the increase in 
mortgage funds is less than DE but more 

8 See James Tobin for a discussion oI the determinants 


of substitute bility between securities and the definition 
of perfect substitutes. 
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than zero and the decline in the effective 
rate to borrowers is less than CF but more 
than zero (this result can include a left- 
ward shift in the mortgage supply curve 
due to a rise in rates on other securities 
within a general equilibrium framework). 


It is also important to note that in this’ 


case the source of the subsidy funds has an 
impact on the general equilibrium solu- 
tion. If the subsidy funds are raised by 
floating bonds in the other securities 
market, this shifts the demand curve for 
funds in that market upward, raising the 
rate on other securities, and hence shifting 
the supply curve for mortgages to the 
left, thereby partially offsetting the im- 
pact of the subsidy. On the other hand, if 
the subsidy funds come from general tax 
revenues (or in the extreme from taxes 
which reduce’ consumption only), the 
total supply of funds to the capital market 
is augmented and there need not be an 
offset to the subsidy. 

The above discussion applies to a uni- 
form subsidy paid on all mortgage in- 
terest. There is presently no program of 
this type; rather, different subsidies are 
paid to different groups in the population. 
Some are explicitly aimed-at lower income 
groups and others at middle income 
groups. The details of such programs will 
be discussed in Section II. 

We now turn to portfolio-restriction 
type programs. Here we can show that the 
lower the degree of substitutability be- 
tween mortgages and other securities, the 
larger will be the inflow of funds to the 
mortgage market (and the larger will be 
the fall in the mortgage rate) as a result 
of the restrictions. Note that this sub- 
stitutability condition is just the reverse 
of that which made wedge-type programs 
highly successful. ; 

In Figures 2(a) and 2(b) we have two 
supply curves of mortgages, Se, which is 
the supply curve of the institution (or sec- 
tor) that is to be subject to restrictions 
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and Sı, which is the supply curve of the un- 
restricted sector. The sum of the two is the 
total supply curve of mortgages. In Fig- 
ure 2(a) the supply curve S, is infinitely. 
elastic at rate îm, in other words, for the 
unrestricted sector mortgages and other 
securities are perfect substitutes at that 
rate. Without this sector of the market the 
mortgage rate would be ij,,, (the intersec- 
tion of S and D). At that rate, however, 
the unrestricted sector buys mortgages 
until the market rate is driven down to 
iy, at which point total mortgage funds 
supplied equals OD. The effective total 
supply curve is S.BA, with institution 2 
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buying ON mortgages and the rest of the 
market buying VD.‘ 

The imposition of portfolio restrictions 
on institution 2, such as via a law which 
restricts its security holdings to mortgages 
only, produces a rightward shift in the 
supply curve of institution 2, say, to S$. 
This rightward shifts occurs as long as the 
institution initially has a diversified port- 
folio, i.e., as long as it is a risk averter. If 
all other participants continue to buy BA 
(equal to WD) then the mortgage supply 
curve would be SjBA and the mortgage 
rate would be tar, At that rate, however, 
the’ unrestricted sector sells mortgages 
(buying the other securities, institution 
2 must sell). Equilibrium is reestablished 
when the rate is back at 7, with institu- 
tion 2 holding OP mortgages and the un- 
restricted sector holding PD. Total mort- 
gages supplied remains OD. In other 
words, when restrictions are imposed in a 
situation where, for the market as a whole, 
securities are perfect substitutes, there is 
no impact on the effective mortgage rate 
or on the supply of mortgage funds. 

In Figure 2(b) the extreme opposite case 
is illustrated. The supply curve of each 
sector is vertical, implying zero substitut- 
ability between mortgages and other se- 
‘curities. The intersection of Sr(=Si+S.) 
and the demand curve, D, produces an 
equilibrium rate DA. The imposition of 
restrictions shifts Sz to S4, the total supply 
curve shifts (by the same amount) to Sh 
and mortgage funds increase to OF and 
the rate falls to EB. There is no offset to 
the increased supply of mortgages by Sə 
due to a decreased supply in the unre- 
stricted sector since both supply curves 
are interest inelastic. There is also no off- 
set due to changes in the rate on other 
securities because of the independence 
condition. 


4 Note that the division of mortgage holdings be- 
tween the two sectors is merely illustrative. The conclu- 
sions of this analysis are unaltered by a different dis- 
tribution. i 
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With some, but not infinite, substitut- 
ability between mortgages and other se- 
curities the results lie between those de- 
picted in Figures 2(a) and 2(b). In other 
words mortgage supply rises by less than 
DE but by more than zero and the rate 
falls by -ess than it does in 2(b). 

Portfolio restriction policies also impose 
implicit costs which partially offset their 
effectiveness, leading, in turn, to further 
government programs. In particular, forc- 
ing an institution to specialize in mort- 
gages (either ky explicit regulation or by 
imposing high reserve ratios against other 
assets) imposes a higher level of risk per 
expected rate of return on the institution 
(compare with unconstrained optimiza- 
tion). In effect the restrictions impose an 
implicit tax on the institution. As with any 
other tax, part of the burden (cost) will 
be shifted away from the institution’s 
owners. For example, if the restricted in- 
stitution’s liabilities are poor substitutes 
for the liabilities cf nonrestricted institu- 
tions ‘ard other securities), a reduction in 
the rate of return on their liabilities does 
not produce a significant loss of funds. In 
this case the burden of the restrictions 
falls mainly on the holders of such liabili- 
ties. How2ver, if the nonrestricted sector 
has securities which are good substitutes, 
then it wli be more dificult for the re- 
stricted firms to shift the burden; deposits 
fall, beth of which reduce the scale of their 
operations. Consequently the restrictions 
will be less effective in increasing the sup- 
ply of mortgage funds. In terms of our 
analysis, the supply curve after restrictions 
shifts to the left. towards its initial posi- 
tion, as otter securities are substituted for 
the liabilit:es of the restricted institution. 

Government guards against this out- 
come with a variety of complementary 
prograrns which either make it easier to 
shift the burden of restrictions to de- 
positors by restricting the competition for 
funds, or by compensating the restricted 


‘institution with explicit and implicit sub- 
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sidies. For example, in the past Regulation 
Q has prevented commercial banks from 


freely competing with savings and loan 


institutions for time deposits. In the dis- 
cussion which follows such policies are re- 
ferred to as “cost shifting” policies. 

Because portfolio restrictions can in- 
itially be implemented without cost to the 
government’s budget, they have provided 
the illusion of being costless to society. In 
fact, the social cost of effective restrictions 
may be quite high and it has probably been 
borne largely by either the owners of the 
restricted institutions or the owners of 
particular kinds of deposits depending on 
the complementary policies adopted by 
government. With the recent implementa- 
tion of explicit subsidies (to be discussed 
in Section IT), portfolio restrictions now 
impose budget costs along with their less 
obvious other social costs. 

There are two ways that portfolio re- 
striction programs may influence the ef- 
fectiveness of wédge-type programs via an 
impact on the degree of substitutability 
between securities. First, going back to the 
perfect substitutability case. depicted in 
Figure 2(a), if portfolio restrictions are 
sufficiently pervasive, the rightward shift 
in the supply curve of the restricted 
sector could result in the intersection of 
the demand curve with the supply curve 
of the restricted sector at a rate below 
ime The imposition of restrictions then 
reduces the degree of substitutability be- 
tween securities for the market as a whole 
(from perfect substitutability to imperfect 
substitutability). The second way that 
portfolio restrictions may change the de- 
gree of substitutability between securities 
for the market as a whole is by changing it 
in an individual institution’s portfolio. 
(See Silber.) For example, assume the 
regulation takes the form that the institu- 
tion must hold at least 50 percent of its 


ë More extensive commentary on the social and bud- 
get costs of these programs appears in Penner and Silber. 
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assets in mortgages. As the mortgage rate 
falls relative to other rates the institution 
can reduce its holdings to a minimum of 
50 percent of its assets. After that the 
elasticity of substitution is zero and the 
elasticity of supply is zero (for a given level 
of deposits). Under both circumstances 
portfolio restrictions reduce the effective- 
ness of wedge-type programs by reducing 
substitutability between securities. 

We now turn to the impact of mortgage 
characteristic programs on the supply of 
mortgage funds. A change in the char- 
acteristics of mortgages via, say, govern- 
ment guarantees or the establishment of a 
secondary market increases lenders’ will- 
ingness to hold mortgages as investments. 
With such programs there is an impact on 
the volume of mortgage funds supplied 
even with a perfectly elastic mortgage 
supply curve. This occurs because the re- 
duction in the risk of mortgages relative 
to the risk of other securities causes a 
downward shift even in the infinitely 
elastic supply curve in Figure 2(a). 

An important side effect of the programs 
which lower the riskiness of mortgages is 
that they also make mortgages better sub- 
stitutes for other securities. This follows 
as long as mortgages have greater default 
risk and a poorer secondary market com- 
pared with other securities. Under such 
conditions government programs make 
these risk characteristics of mortgages 
more like those of other securities, thereby 
increasing the degree of substitutability 
between mortgages and other securities.’ 

This side effect of mortgage character- 
istic programs implies that they increase 
the effectiveness of wedge-type programs 
and decrease the effectiveness of portfolio 
restrictions. This is a key interrelationship 
between existing housing programs as will 
be seen below. Note also that since the 


6 See Tobin for a discussion of this relationship be- 
tween risk characteristics of securities and the degree of 
substitutability between securities. 
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mortgage characteristic programs change 
the slope of the supply curve as well as 
shifting it, one cannot .make any simple 
statements about the relationship between 
the efficacy of these programs and the 
initial degree of substitutability. 


II. An Application to Current 
Credit Programs 


This section of the paper applies the 
theoretical outline set forth above to the 
current set of federal housing credit pro- 
grams in the United States that are aimed 
at the private sector of the economy (i.e., 
excluding public housing). Existing hous- 
ing credit programs are categorized ac- 
cording to the classifications outlined in 
the previous section. Specific analysis of 
the interaction between the various pro- 
grams is also presented. It should be noted 
at the outset that our concern here is not 
with the income redistribution aspects of 
certain programs; rather, we are con- 
cerned solely with the impact of the pro- 
gram on mortgage credit and mortgage 
rates. 

Table 1 sets forth the main character- 
istics of the existing housing programs. 
There are three groups of policies as out- 
lined in the previous section: 1) wedge 
programs; 2) programs which operate on 
the risk characteristics of mortgages; and 
` 3) portfolio restriction policies. In the 
first two columns of Table 1 a brief de- 
scription of each program is presented as 
well as a listing of the agency responsible 
for its execution and the approximate 
size of the program during the fiscal year 
1970. 

The programs listed in the first 5 rows 
of the table are in the wedge-type cate- 
gory. Extensive comments are limited to 
those programs which have dual listings 
or may be ambiguous. The programs un- 
der sections 235, 236, and 243 (lines 1 and 
2) are subsidies rationed out to particular 
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classes of borrowers. Line 3 is the Housing 
Opportunity Allowance Program (HOA P) 
of the “ederal Home Loan Bank System 
(FHLBS) provided under Title I of the 
Emergency Home Finance Act of 1970. 
A direct subsidy to mortgage borrowers is 
offered. Line 4 ot Table 1 is the Tandem 
plan, implemented by the Government 
National Mortgage Association (GNMA) 
in “tandem” with the Federal National 
Mortgage Association (FNMA). The Tan- 
dem plan operates to produce a wedge 
when the FHA-ceiling rate is below market 
rates. Tex benefits (in particular, deduct- 
ibility of mortgage interest in calculating 
taxable income) in line 5 also inserts a 
wedge between borrowers and most lend- 
ers. This wedge is operative as long as the 
income tax rate applicable to borrowers 
exceeds tre tax rate paid by lenders (which 
is the likely case due to the favorable tax 
treatment of the major mortgage lenders, 
S&L’s, ard mutual savings banks). 

The next four lines of Table 1 list the 
housing credit programs aimed at altering 
the risk caaracteristics of mortgages. Line 
6 records the secondary mortgage market 
operated by FNMA and Federal Home 
Loan Mortgage Corporation (FHLMC). 
The existence of these two institutions 
implies that mortgages are more liquid 
than otherwise because FNMA and 
FHLMC stand ready to make a market in 
existing mortgages. 

This secondary market function of 
FNMA and FHLMC should be distin- 
guished from the countercyclical and 
secular purchases of mortgages by these 
institutions which appear in line 11 of the 
table under portfolio restriction pro- 
grams. FWMA in particular has behaved 
more like a financial institution restricted 
to mortgage holdings. Since both FNMA 
and the FHLMC have a government-im- 
posed directive to support housing, they 
buy mortgages when there is a significant 
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Program 


Wedge-Type 


1. Sec. 235 & 
236 


2. Sec. 243 


3. Title I, 
HOAP 
(Housing 
Opportunity 
Allowance 
Program) 


4. Tandem 


§. Tax 
Benefits 
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TABLE 1—PrROGRAM CHARACTERISTICS 


Agency and 
Program Size 


HUD 

In 1970, housing starts 
under these programs 
totalled 116 thousand 
units. The budget re- 
quest for these two pro- 
grams totalled $245 mil- 
lion. (Note all years re- 
fer to fiscal year.) 

HUD 

This program has never 
been funded. While not 
yet operational the ad- 
ministration has consi- 
dered implementing the 
program. 

FHLB 

In 1971, $51 million was 
obligated. (Program no 
longer operative.) 


HUD, GNMA, FNMA 
The program was ex- 
panded in 1972. There 
is an authorization for 
$2.0 billion under the 
program. 


U.S. Treasury, Congress 


Mortgage Characteristics 


6. FNMA/ 
FHLMC 
Secondary 
Mortgage 
Market 


FNMA, FHLMC 


Short Description 


Subsidizes FHA-VA mortgage 
interest rate (to as low as | 
percent for low income single 
family (235) and multi-family 
(236) housing. Authority granted 
in Housing and Urban De- 
velopment Act of 1968. (Pra- 
grams were suspended Jan. 
1973.) 

Subsidizes FHA-VA or con- 
ventional mortgage interest 
rate (to as low as 7 percert) 
for middle income borrowers. 
Authority granted in Emer- 
gency Home Finance Act of 
1970. 

FHLB subsidizes mortgage 
rate Sis charge their bor- 
rowers. As currently operated 
by the FHLB, a borrower’s 
monthly payments are reduced 
by as much as $20 for a period 
of 5 years. 

When the effective rate on 
FHA-VA mortgages is above 
the ceiling rate, GNMA buys 
mortgages at par and resells 
them at a discount to FNMA. 
This insures the borrower of 
not paying the discount points 
in the form of, say, higher 
prices for a given house. De- 
veloped under HUD Act of 
1968. 

Homeowners may deduct 
mortgage interest payments 
in calculating taxable income 
for the personal income tax. 


FNMA and FHLMC stand 
ready to buy and sell existing 
mortgages at market prices. 
FNMA was establishec in 
1934 under the National 
Housing Act of 1934. The 
status of FNMA was altered 
in the Housing Act of 1954 
and the HUD Act of 1968. 
The FHLMC was created by 
the Emergency Home Finance 
Act of 1970. 


Source of 
Funds 


U.S. Treasury 


U.S. Treasury 


U.S. Treasury 


U.S. Treasury 


U.S. Treasury 


Borrowing from 
the public via 
agency issues 
plus back-up 
borrowing ca- 
pability at the 
Treasury. 
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Benefits as related 
to Substitutability 
Between 


Mortgages Deposits 
and Other and Other 
Primary Primary 
Securities Securities 


-+ 


+ 


4- 


846 
Agency and Program 
Program Size 
7. VA Veterans Administration. 
subsidized During 1970 there wasa 
guarantees net increase of $1.1 bil- 
lion in guranteed mort- 
gages. 
8. FHA HUD, FHA 
Unsubsi- During 1970 there was a 
dized insur- net increase of $4.6 bil- 
ance lion in insured mort- 
gages. - 
9. GNMA GNMA 
Guarantees During 1970 GNMA 
of mortgage guaranteed $441 million 
backed of securities. 
bonds. 
Portfolio Restrictions 
a. Direct Measures 
10. Sei port- FHLB 
folio restric- 
tions 


11. FNMA and FNMA 
FHLMC FHLMC 
purchases During 1970 the net 
. change in outstanding 
loans totalled $5.4 bil- 
lion for FNMA. The 
FHLMC was not opera- 
tional until mid-1971. 


b. Coss-shifting Measures 


12. Deposit FHLB via Federal Sav- 
Insurance | ingsand Loan Insurance 


Corporation. 
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TABLE 1—(Continued) . 


Short Description 


Mortgages are guaranteed by 
the Veterans Administration 
for qualified veterans of the 
United States. 


Mortgages can be insured by 
HUD under sections 22 and 
207 of the National Housing 
Act of 1949. Premiums are 
paid by borrowers fcr the in- 
surance, 


GNMA guarantees securities 
which are issued by private 
investors when their securities 
are backed by FHA-VA mart- 
gages. Authorized under the 
HUD Act of 1968. 


Savings and Loan Asscciations 
are permitted to hold only 
government bonds, mortgages 
and the issues of U.S. govern- 
ment agencies. . 

FNMA and FHLMC bur and 
sell mortgages in order to mod- 
erate cyclical swings in mort- 
gage rates and credit. 


Deposits at SaLs are insured. 
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Benefits as Related 
to Substitutability 


Between 


Mortgages Deposits 
and Other and Other 


Source of 
Funds 


U.S. Treasury 


Insurance pre- 


_miums from bor- 


rowers. Back-up 
fundsfrom Trea- 
sury equalled 
$339 million in 
1970. Reserves 
from premiums 
paid totalled 
$1,203 million 
in 1970. 


U.S. Treasury 


Borrowing from 
the public via 
agency securi- 


ties plus back- . 


up borrowing ca- 
pability at the 
Treasury (back- 
up funds equal 
$2.25 billion). 


Premiums paid 


by Sails plus 
back-up funds 
from Treasury. 
In 1970 paid-in 
reserves totalled 
$2.4 billion while 
the back-up au- 
thority was $750 
million. 


Primary Primary 
Securities Securities 


0 0 
0 0 
0 0 
0 = 
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Agency and Program 
Program Size 


13. Regulation Federal Reserve Board 
Q 


14. FHLB FHLB 
unsubsi- During 1970 the net 
dized lend- change in outstanding 
ing loans totalled $3.8 bil- 

lion. 

15. FHLB FHLB 
subsidized §Notimplemented as yet. 
lending 


Short Description 


Commercial bank time de- 
posit rates are regulated by 
the Federal Reserve. Until 
1966 such limitations curbed 
the competitive position of 
banks for savings. Since 1966 
S&Ls have also had regula- 
tions on their deposit rates. 


S&Ls are permitted to bor- 
row at the FHLB. The rete 
charged depends upon the 
rate paid by the FHLB ior 
funds. 


The FHLB lends to Salis at 
subsidized rates. Authorized 
by Title I of the Emergency 


Mortgages Deposits 


Benefits as Related 
to Substitutability 
Between 


and Other and Other 


Source of 
Funds 


Not applicable. 


Borrowing from 
the public via 
agency issues 
plus back-up 
borrowing capa- 
bility equal to 
$4.0 billion at 
the Treasury. 


U.S. Treasury 


0 


— 


— 


Primary Primary 
Securities Securities 


Home Finance Act of 1970. 


16. Favorable 
tax treat- 
ment of 
SELS 


U.S. Treasury, Congress 


contraction in the volume of credit sup- 
plied by private institutions. Conceptu- 
ally, if not empirically, these are quite dis- 
tinct. Note that both FNMA and the 
FHLMC are subsidized by the govern- 
ment because each has a line of credit at 
the Treasury. In other words, the costs of 
the restrictions on FNMA and the 
FHLMC are shifted to the tax paying pub- 
lic because of the potential cost of the line 
of credit at the Treasury. 

Line 7 lists the Veterans Administra- 
tion mortgage guarantee program which 
insures holders of VA mortgages against 


U.S. Treasury — — 


default. The elimination of default risk 
increases the supply of such mortgage 
funds, lowering the contract mortgage 
rate and easing terms of credit. Since the 
borrowers do not pay the insurance pre- 
mium the effective rate to the borrower is 
in fact lowered. 

Line § lists the FHA-unsubsidized in- 
surance program. Under this program the 
mortgage borrower pays an insurance 
premium to the government. While the 
contract mortgage rate is reduced (and 
terms of credit eased) after the guarantee 
is in existence, the effective rate (i.e., the 
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contract rate plus the insurance premium) 
to the borrower might very well be un- 
changed if the insurance premium were 
equal to what the private sector would 
‘charge (equal to expected loss plus ad- 
ministrative costs). There is one aspect of 
the program, however, which does pro- 
duce a subsidy in the form of lower in- 
surance premiums than otherwise, namely, 
the back-up funds authorized by Congress 
to be used in case defaults exhaust paid-in 
funds. 

Line 9 lists another type of guarantee 
program by GNMA. Mortgage lenders 
who hold FHA-VA mortgages can now 
issue bonds insured by GNMA to finance 
these acquisitions. It is included under 
programs operating on mortgage char- 
acteristics because it has the same effect 
as increasing the “pledgeability” of mort- 
gages as security. 

There is an element of cost shifting in 
all of these programs operating on mort- 
gage characteristics. By reducing the risks 
on mortgages they also counteract the 
burdens imposed by forcing an institution 
to hold mortgages. However, these pro- 
grams are aimed primarily at voluntarily 
increasing the supply of mortgage funds 
from both restricted and unrestricted in- 
vestors by lowering the risks on mortgages. 
The fact that they ease the burden im- 
posed by restrictions just happens to be a 
‘desirable side effect. 

The next group of programs comes un- 
der the heading of portfolio restriction 
policies. These policies are divided into 
two groups: (a) direct measures and (b) 
cost shifting measures. Lines 10 and 11 
include the direct measures, i.e., portfolio 
restrictions on S&Z’s (limiting them to 
holding mortgages, governments and 
agency issies) and the countercyclical 
and secular mortgage purchases of FNMA 
and the FHLMC. 

The first two cost shifting programs are 
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deposit insurance in line 12 and Regula- 
tion Q in line 13. Both of these measures 
try to offset the potentially adverse im- 
pact on desosits of the poorer risk/return 
tradeoff in S&L portfolios due to mort- 
gage specialization. Note that in the case 
of deposit insurance, although premiums 
are paid there are back-up budget funds 
which presumably make premiums less 
than what would be charged privately. 
The subsidv in this case is similar to FHA- 
unsubsidized insurance. 

Lines 14 and 15 include Federal Home 
Loan Eank (FHLB) subsidized and un- 
subsidized lending to SaL’s as cost shift- 
ing measures. The unsubsidized lending 
by FHLB contains some subsidy, hence, 
cost shicting, because the rate the FHLB 
pays on its -iabilities is less than that of a 
private corporation because there is back- 
up authority for borrowing at the Treasury. 

Line 16 lists the favcrable tax treatment 
received by S&Ll’s as a cost shifting mea- 
sure. While the tax treatment of S&L’s was 
made more stringent in the Tax Reform 
Act of 1969 they still retain significant tax 
benefits somdared with unrestricted finan- 
cial institutions. 


A. rnierrelationships between and 
Impacts of Programs 


The arst column of Table 1 lists the 
agency charged with administering the 


program and also provides a rough esti- 


mate of the size of the program during the 
fiscal year 1970. It is important to recog- 
nize that these numbers are not compa- 
rable between different programs. In some 
cases, such as 235 and 236, the subsidy as 
measured. by actual budget costs 1s listed, 
while fer others, such as FNMA-FHLMC 
operations, the total purchases of mort- 
gages is iisted. The implicit subsidy in the 
latter case is simply not known. 

The ultimate measure of a program’s 
effectiveness is its impact on mortgage 
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credit and housing production. While the 
table includes (where available) the num- 
ber of houses constructed or the number of 
mortgage loans made under various pro- 
grams, it is incorrect to use such numbers 
as measures of a program’s impact. Clearly 
they do not record tke increment in hous- 
ing or credit due to the subsidy. 

We noted in the beginning of Section I 
that increased mortgage credit tends to 
increase actual housing production. This 


is not necessarily the case. In fact the size ' 


of the impact may depend upon the nature 
of the particular credit program. For 
example, the funding of programs 235 and 
236 does not permit zhe granting of subsi- 
dies to all who qualify legally. The funds 
must be rationed by administrative action. 
A key to the size o7 the impact of such 
credit on housing production is, therefore, 
the skill of the administrators in isolating 
potential homebuyers who are at the 
margin, i.e., who would withdraw from the 
market without the subsidy. 

The specific nature of the subsidy calcu- 
lation poses a related problem. The home- 
ownership assistanc2 subsidy under 235, 
for example, is set to either lower the 
mortgage interest rate to one percent or to 
lower the payment for the sum of mort- 
gage interest, taxes and insurance to 20 
percent of the owners income, whichever 
is less. If the size of the subsidy depends 
on the recipient’s income (the second op- 
tion) and he expects that his future income 
will not rise sufficiertly to end the subsidy, 
then he has a strong incentive to maxi- 
mize the size of the mortgage and to pur- 
chase the highest quality home since such 
quality improvements impose no personal 
marginal costs (they are borne entirely 
by the subsidy). This feature of the 235 
program, i.e., relating the subsidy to the 
recipients’ income, has probably raised the 
expenditures per rousing unit. With a 
given budget for the 235 program, this 
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might also imply a reduction of the quan- 
tity of new units constructed.’ 

In column 3 of Table 1 the source of 
funds for each program is listed. In some 
cases there is a primary source and a sec- 
ondary or back-up source. As we noted 
earlier, the use of borrowing from the 
private capital market produces less of an 
impact than the use of general tax reve- 
nues. Similarly, the use of fees and charges 
produces a smaller impact than using gen- 
eral tax revenues. Obviously, however, 
direct costs are smaller in the borrowing 
and user-charges cases compared with tax 
revenues. 

Columns 4 and 5 lists the relationship 
between types of substitutability and the 
benefits oz each. program. Benefits are 
defined as increased mortgage credit (or 
lower mortgage rates to borrowers). The 
question asked was as follows: for a given 
dollar level of activity of the program 
would mortgage credit increase (+), de- 
crease (—), or remain the same (0) if there 
was an increase in the degree of substitut- 
ability between X and F (where X and Y 
were either mortgages, other primary se- 
curities, or deposits of mortgage lending 
institutes). Note that the heading of the 
column could have been listed as “‘costs as 
related ...’’ and the question asked could 
have been: for a given volume of mortgage 
credit (or rate charged to borrowers) would 
the dollar cost of the program increase, de- 
crease, etc....In other words, benefits 
and costs as defined here are related sym- 
metrically to the substitutability question. 

In Table 2 the interrelationships between 
the various programs are outlined. A posi- 


? The redistribution goals of 235 and 236 programs 
may be better served by income-related subsidies. Yet 
even this is not clear. In the fourth quarter of 1971 the 
median annual income of families receiving 235 sub- 
sidies was $6,309, with only 3.9 percent of the families 
having an income below $4,000 (see p. 29 in The Fourth 
Annual Report on National Housing Goals). 
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TABLE 2—-INTERRELATIONSIP BETWEEY PROGRAMS 











On Impact of Program 
1 Zz 2 4 § 6 7 8 9 10 11 12 13 14 15 16 ` 
1 0 0 0 0 -+ + + + 0 D na na na na na! 
2 0 0 0 0 -+ + + -+ 0 9 na na na na na 
3 0 0 0 0 + -+ + + 0 QO na na na na na 
4 0 0 0 0 -+ + + -+ 0 Q na na. na na na 
5 0 0 0 0 +. + + -+ 0 0 na na na na na 
6 0 0 0 0 0 0 0 0 D QO na na nana na 
7 0 0 0 0 0 0 0 0 0 Q na na na na na 
8 0 0O 90 0 Q 0 0 0 Q G na na na na na 
9 0 0 0 0 0 0 0 0 0 CG na na na na na 
10 0 0 0 0 9 — — —- G += T zi F T 
11 0 0 0 0 9 — — — ~ 0 0 afa 0 0O 0 
12 0 o 0 0 Ọ + + + F 0 0 0 0 0 0 
13 0 0 Q dO 0 1 = + + 0 0 0 0 0 0 
14 0 0 0 0 Q + = T 4 C 0 0 0 0 0 
15 0 0 0 0O 86 + + F zI C 0 0 0 0 0 
16 0 0 0 0 9 + +- + -+ Q 0 0 0 0 0 
s na=not applicable. 8. FHA unsudidized insurance 
Key: 9. GNMA guarantees of mortgage backed bonds 
1. Sec. 235, 236 10. S&L portfclio restrictions 
2. Sec. 243 11. FNMA/FHLMC purchases 
3. Title I (HOA P) 12. Deposit insurance 
4, Tandem 13. Regulation Q 
5. Tax benefits to public 14. FHLB -ansubdsidized lending 
6. FNMA/FHLMC secondary market 15, FHLE subsidized lending 
7. VA subsidized guarantees 16. Faverable tax treatment of S&Ls 


tive relationship (+) between two pro- 
grams occurs when the initiation, or in- 
creased level of activity, of program X 
causes an increase in the benefits or a re- 
duction in the costs (as defined above) 
derived from a given level of program F. 
Zero and negative relationships are de- 
fined in the same way with the appropriate 
changes. 

Columns 1 through 5 indicate that 
wedge-type programs have no effect on 
the efficacy of any of the other housing 
programs. The impacts of the mortgage 
characteristic programs (6, 7, 8, and 9) are 
based on the assumption that, in general, 
mortgages have greater default risk and 
marketability risk compared with other 
securities (for example, corporates and 
governments) and that these risk differ- 
ences imply a lower degree of substitut- 
ability between mortgages and other se- 


curities thar would otherwise exist. Any 
program which reduces the default and 
marketailit7 risks of mortgages (making 
these risks more like those on other securi- 
ties) alsc makes mortgages better substi- 
tutes for other securities. The positive 
relationship between mortgage-character- 
istic programs and the wedge-type pro- 
grams (1-5) end the negative relationship 
between mortgage characteristic programs 
and portzolio restrictions (10-11) follows 
directly. Since the five cost-shifting pro- 
grams (12-16) seek to offset the costs of 
restrictions, tne effectiveness of any given 
cost-shifting measure is increased the 
lower is tne “‘cost” of the restrictions, 1.e. 
the greater the similarities between mort- 
gages and other securities. Hence, there is 
a positive relationship between the mort- 
gage characteristic programs and the cost- 
shifting measures. 
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The relationship between the mortgage 
characteristic programs and the other pro- 
grams would be reversed if the market- 
ability and default risks of mortgages were 
lower than those on other securities. This 
situation cannot occur as long as there is a 
security such as government bonds which 
have zero default risk and the “most effi- 
cient” secondary market possible given the 
existing financial technology. 

The impact of any one of the mortgage 
characteristic programs on any of the 
others is probably zero unless one wishes 
to argue that there are “diminishing re- 
turns” to guarantees on top of guarantees. 
Under such circumstances, the existence 
of FHA and VA guarantees is negatively 
related to the effectiveness of GNMA 
guarantees of mortgage-backed securities. 

The last group of programs, portfolio 
restriction policies, is a self-contained 
group as far as interrelationships are con- 
cerned. Neither S&Z portfolio restrictions 
nor countercyclical mortgage purchases 
by FNMA and the FHLMC have any 
impact on the efficacy of other programs.® 
In a very limited sense the existence of 
restrictions on S&L’s makes the cost-shift- 
ing measures relevant; however, an in- 
creased level of restrictions does not make 
a given level of cost shifting more effective. 

The impacts of the cost-shifting mea- 
sures on S&L restrictions is clearly positive 
since, if these cost-shifting programs did 
not exist, the risk/return position of the 
restricted industry would be worsened and 
the captive demanc for mortgages would 
be reduced (as firms left the industry and 
as depositors subst:tuted other securities 
for deposits). The only cost-shifting mea- 
sure which increases the efficacy of FNMA 


8 We noted above that portfolio restrictions on S&L’s 
might reduce the degree of substitutability between 
mortgages and other securities. Since there is uncer- 
tainty with regard to this effect we chose not to include 
in the table a negative impact of portfolio restriction 
policies on the wedge-type programs. 
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and FHLMC mortgage purchases is Regu- 
lation Q (since it reduces the competition 
for FNMA-FHLMC obligations from com- 
mercial bank time deposit liabilities). 


III. Conclusions 


The key determinant of the effective- 
ness of two of the three housing: finance 
programs is the degree of substitutability 
between mortgages and other categories 
of securities. Wedge-type programs are 
most effective with high substitutability 
while portfolio restrictions are most ef- 
fective with poor substitutability. In a 
world of perfect certainty the degree of 
substitutability would be known, hence 
the precise benefits (in terms of mortgage 
credit diverted or reduction in rates) could 
be calculated for each program. These 
benefits could be compared with the asso- 
ciated costs and an unambiguous optimal 
policy to divert funds to the mortgage 
market would emerge. 

Policy decisions, however, must be 
made under conditions of uncertainty 
with regard to the parameters which de- 
termine the effectiveness of each policy. 
Under such circumstances it has been 
shown that diversification of policy tools 
is the optimum strategy. (See William 
Brainard.) Hence, the simultaneous use of 
wedge-type programs and portfolio re- 
striction policies is a desirable strategy. 

The fact that the effectiveness of mort- 
gage characteristic programs is indepen- 
dent of substitutability between mortgages 
and other securities suggests that they too 
should be included in the diversified policy 
strategy. It does not imply that exclusive 
reliance be placed on such policies since 
the cost per increased output of houses 
may be much larger than for either of the 
other programs. 

The fact that mortgage characteristic 
programs increase the degree of substitut- 
ability between mortgages and other se- 
curities has one clear implication: wedge- 
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type programs become more effective while 
portfolio-restriction policies become less 
effective. This might help justify or ex- 
plain the relatively late emergence of 
wedge-type programs compared with port- 
folio restrictions. As mortgage guarantees 
and the establishment of a secondary 
market made mortgages better substitutes 
for other securities, the effectiveness of 
portfolio restrictions declined and the ef- 
fectiveness of wedge-type programs in- 
creased. However, not only do portfolio 
restrictions become less effective ways of 
increasing mortgage funds, they also be- 
come less harmful to the restricted institu- 
tion. The reduction in the burden of re- 
strictions caused by the expansion of the 
programs which reduce risk (as well as the 
provision of subsidized loans to S&L’s} 
has probably been important in allowing 
government to suspend part of Regulation 


Q and to recommend its permanent elim- 


ination. 
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On Monopoly Welfare Losses 


By ABRAM BERGSON™ 


Are welfare losses due to monopolistic 
pricing apt to be consequential in an ad- 
vanced economy such as that of the 
United States? Generations of economists 
have assumed that they are, but in 1954 
Arnold Harberger argued that in the 
United States durinz the late 1920’s, the 
total of such losses in manufacturing was 
equivalent to but “...a tenth of a per- 
cent of national income” (p. 87). Subse- 
quently, David Schwartzman found that 
in the United States in 1954 welfare losses 
due to monopolistic pricing in industry 
were equivalent to “...less than $234 
million, or less than 0.1 percent of the na- 
tional income” (pp. 629-30). Still more 
recently Harvey Leibenstein, relying partly 
on the findings of Harberger and Schwartz- 
man, has also argued that departures from 
competitive norms such as result under 
monopolistic pricing are likely to be 
relatively inconsequential. Generally, 
“... they hardly seem worth worrying 
about” (Leibensteir., p. 395). 

From such findirgs, George Stigler was 
an early dissenter and further calcula- 
tions of David Kamerschen indicated that 
welfare losses due to monopoly pricing 
may be appreciakly greater than Har- 
berger and Schwartzman computed. The 
contention that such losses are inconse- 
quential nevertheless has apparently 
gained no little currency. Perhaps that is 
as it should be, but the underlying meth- 
odology still does not seem to have been 


sufficiently explored. Some of the more 


basic empirical assumptions may also be 
more questionable than has been supposed. 
A brief reexamination stressing those as- 


* Harvard University. 
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pects may facilitate appraisal of what is 
surely one of the more important current 
issues in economics. 


I. Some Methodological Considerations 


The evaluations of monopoly welfare 
losses by Harberger, Schwartzman, and 
Leibenstein all represent applications of 
consumer’s surplus analysis. As such, they 
are in a sense rather special, for expressly 
or by implication, all these writers apply 
a well-known formula of Harold Hotelling 
for such surplus. Their calculations may 
also be viewed, however, as measurements 
of consumer’s surplus without reference to 
the Hotelling formula. As a preliminary, 
I briefly reformulate the relevant princi- 
ples, which still seem somewhat in need of 
clarification. 

What counts for Harberger, Schwartz- 
man, and Leibenstein is efficiency rather 
than equity. I assume, therefore, as is 
often done in similar contexts, that there 
is but one household in the community. 
The household, however, behaves com- 
petitively in purchasing consumer’s goods. 
As will appear, the analyses being con- 
sidered also assume constant costs. For 
present purposes it is more convenient to 
work with the somewhat more restrictive 
supposition that the community’s pro- 
duction possibilities are linear. 

As J. R. Hicks taught us long ago, con- 
sumer’s surplus is susceptible to diverse 
constructions. The particular construction 
need not be a practically very important 
matter, but we may conveniently con- 
sider the evaluations that have been made 
in relation to a concept of surplus corre- 
sponding to the compensating variation as 
understood by Hicks (see pp. 61ff, 69ff), 


ie., the compensatory change in income 
needed to assure that a household’s utility 
is unaffected by a change in price. - 

For Hicks, however, the compensating 
variation represents a change from an 
otherwise given income. Such a variation 
is properly taken to measure welfare losses 
or gains if income is indeed constant. Our 
household, however, is subject not only to 
changes in prices, those being the changes 
due to the fixing of the prices in monop- 
olistic industries at monopolistic rather 
than competitive levels, but also to a con- 
comitant variation in income. In the anal- 
ysis of monopoly welfare losses, the con- 
cern is with the impact of misallocation 
rather than unemployment. Hence, with 
the prices of monopolistic products at 
monpolistic rather than competitive levels, 
resources released from monopolistic in- 
dustries supposedly are reemployed in 
competitive ones. That is possible only if 
household income is higher when prices in 
the monopolistic industries are at monop- 
olistic levels than when they are at com- 
petitive levels. Indeed, income must in- 
crease by the amount of monopoly profits, 
for only in that way will there still be 
sufficient income to employ all the pri- 
mary factors previously employed. 

In short, we are confronted with varia- 
tions within a general equilibrium context. 
In consumer’s surplus analysis the usual 
practice evén so is to focus on partial equi- 
librium, but the analysis here seems facili- 
tated if general equilibrium is put clearly 
to the fore, and Hicks’ compensating 
variation is viewed accordingly. 

Thus, a distinction is made between the 
gross compensating variation (GCV), rep- 
resenting the change in income needed to 
compensate households for some specified 
variation in prices, and the net compensat- 
ing variation (NCV), representing the 
gross change, less the adjustment in in- 
come (MIA) required to maintain full 
employment in the face of such a variation 
in prices, i.e., 


t 
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(1) NCV = GCV — MIA 


The GCV corresponds to what Hicks called 
compensating variation, but the NCY is of 
primary interest here.’ 

Of particular concern now Is a rise in 
prices in monopolistic industries to monop- 
olistic from competitive levels. Referring 
to such price changes, it suffices here if 
there is but a single competitive industry 
in the community considered. If for the 
moment we also assume that there is only 
one monopciistic industry, the price and 
income variations of interest may be il- 
lustrated graphically. In Figure 1, x; is the 
product of the monopolistic and x, the 





X 
g” 
A u' y” 
\ 
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C 
\ X 
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\ 
\ 
oY 
Q D B'A c’ Xi 
FIGURE 1 


1 For simplicity I assume throughout that monopoly 
price-cost rat.os ar2 urchanged under the impact of the 
changes in kcusehcld income in question, but it is easy 
to see that no esseatials would be affected if the ratios 
should vary. What counts are the monopolistic price- 
cost ratios when income is again at the full employment 
level, and the GC} could simply be understood as the 
addition to zhe household’s initial income level that is 
needed to compensate for the charging of those price- 
cost ratios. The MYA is calculated as before as the dif- 
ference betwen the two full employment income levels, 
one where monopolistic products are priced monopo- 


. listically and zhe other where they are priced competi- 


tively. 
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product of the competitive industry, and 
CC’ represents, the community’s produc- 
tion possibilities. Several of the house- 
hold’s indifference curves are also shown, 
and the point x on U’” represents the 
household’s consumption as it would be 
if there were competitive pricing through- 
out the economy, i.e., price equals mar- 
ginal costs in both the monopolistic and 
the competitive industries. At x’ on U’ the 
household’s consumption is as it would be 
if under monopolistic pricing for x, the 
household’s income (with x, as the nu- 
meraire) should be constant at the com- 
petitive level OC. With consumption at 
x’, however, there would be unemployed 
resources, and that is avoided only if in- 
come rises by BC to OB, permitting con- 
sumption under monopolistic pricing for 
x, to be at x”. That point is again on the 
production possibilities schedule, and also 
on U”. The household has still suffered a 
welfare loss, though, as a result of monop- 
olistic pricing for xı. The loss is repre- 
sented by the shift from U’” to U”, but 
this would be fully offset were there a 
further increase in income by AB, that 
would permit consumption to rise to 
x” on U"’. Such consumption, of course, 
is not feasible, but the increase in income 
by AB still can serve as a hypothetical 
measure of the welfare loss due to monop- 
oly. 

Thus, AB represents the NCV for mo- 
nopolistic pricing as that has been defined. 
We also have 


(2) AB = AC — BC 


where AC corresponds to the GCV for 
monopolistic pricing, and BC represents 
the MIA, or increase in income above the 
competitive level that is needed to main- 
tain full employment under monopolistic 
pricing for x. 

I have delineated the NCY in terms of 
the household’s indifference map. Could 
it be calculated from a conventional 
Marshallian demand schedule. for the 
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Compensated 
\ demand schedule 








O E 


Quantity 


OF = MONOPOLY PRICE 

OG = COMPETITIVE PRICE 

FK = MONOPOLY OUTPUT AFTER ADJUSTMENT IN 
MONEY INCOME To ASSURE FULL EMPLOYMENT 


FIGURE 2 


monopolized product? Subject to one 
proviso, it could be, for the NCV then 
precisely corresponds to the triangle-like 
area ABC in Figure 2. Here DD’ repre- 
sents the Marshallian demand schedule for 
xı that prevails when household income 
is at a level that would assure full employ- 
ment under competitive pricing for xı. 
Since costs are constant, such pricing 
means that x, would sell at average cost, 
equalling OG. Under monopoly, however, 
the price is increased to OF. l 

The proviso is the proverbial one that 
the income elasticity of demand for the 
product in question be zero. In that case, 
the budget points x’, x”, and x’” in Figure 
1 all include the same x; and differ only in 
respect of x. Also, the GCV, or AC in that 
figure, corresponds to the area ABC to- 
gether with the rectangle FA BG in Figure, 
2, for “income effects” that might distort 
the relation between the sum of those 
areas and the GCV are zero (see Hicks, 
pp. 68ff}. It also follows that the MIA, or 
BC in Figure 1, corresponds to the rec- 
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tangle F.ABG in Figure 2. Given that the 
consumption of x; in x’ is the same as in 
x”, the xı in x” corresponds to FA. Hence, 
FABG represents monopoly profits at a 
full employment income level, and also 
the addition that must be made to income 
if the resources released from xv; by the 
introduction of monopolistic pricing there 
are to be fully absorbed into x». It also 
follows that the NCY, or AB in Figure 1, 
corresponds to the area ABC in Figure 2, 
which is in effect the difference between 
the GCV and MIA. 

What if the income elasticity of demand 
is other than zero? As is well known, cal- 
culation of the Hicksian compensating 
' variation from a Marshallian demand 
‘schedule in that case is subject to error. 
That must be so also, therefore, for the 
GCV, but of interest here is the NCV so 
we must also consider that the MIA, as 
just calculated, is likewise subject to error. 
Curiously, the errors tend to be offsetting. 

Thus, suppose the monopolized product 
is a superior one. Then the GCV for an in- 
crease in the price of that product from 
the competitive to the monopolistic level 
now corresponds to the area that is 
bounded by that price change to the left 
of the Hicksian or compensated demand 
schedule, that is, the area FLCG in Figure 
2. That area exceeds the corresponding 
area, FACG, to the left of the Marshallian 
or uncompensated demand schedule, which 
previously represented the GCV. On the 
other hand, monopoly profits at a full 
employment income level and hence the 
MIA also increase, and are now repre- 
sented by the area FKHG in the figure, 
rather than the area formerly considered, 
FABG. That follows at once from the 
fact that FK corresponds to xı in x”, and 
is thus intermediate between x, in x’, or 
FA, and x in x”, or FL. 

Since the monopolized product must be 
supposed to be absorbing a large part of 
the household’s income, the first of these 
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income effects should often be rather large. 
Presumably that wouid ordinarily be true 
also of the second. But as indicated the 
two effects should also be mutually off- 


setting. How the NCV, now given by the 


area KiLCH (i.e., the excess of FLCG over 
FKHG), compares with the area ABC, is 
nevertieless not an easy subject for gen- 
eralization. For a superior good, however, 
it might be supposed that, as given by the 
NCV, tre welfare loss would, if anything, 
be understated by an area such as ABC 
in Figure 2. Curiously that need not be so, 
for the error in the GCV might be more 
than offset by the further one in the MTA. 
For diverse linear demand schedules it can 
be shown that that is in fact the case.’ 
Proceeding more formally, we may 
readily extend the analysis to many 
monopolized products. Suppose there are 
n goods that are monopolized, and that a 
single product, (#+1), is competitive. If 
we take that as numeraire, there are n 
prices, fı... fna, which vary from 
pi... $7 to fT... pf. Household in- 
come is J, and in the initial equilibrium, 


2? Referanse is to demand schedules for the monopo- 
lized procuct of the form: l 


x =p tbl +e 


where « is the consumption of the monopolized product 
(for convenience, I omit subscripts at this point), » is 
its price, J is. income, and q, b, and ¢ are constants. This 
formula represents a family of Marshallian or uncom- 
pensated demand schedules, each such schedule cor- 
responding t> a given level of 7. From the Slutsky equa- 
tion, I derive a formula for the corresponding Hicksian 
or compensated demand schedules, and on this basis 
calculate the value of NCY corresponding to the, area 
ABC and that corresponding to the area KLCH in 
Figure 2 under alternative assumptions as to the un- 
compensated price elasticity (nz) and income elasticity 
(yz7) of demend in the vicinity of the full employment 
equilibrium with monopolistic pricing for x. With 
nep= 1.5 and y,7=1.0, I find that the NCV correspond- 
ing to ABC s 1.04 and that corresponding to KLCH, 
.77 percent əf household income. The corresponding 
measures of MCV when p= 6.0 and n= 3 are 4.17 and 
3.88 percent of household income. I assume that x ac- 
counts for one-half the household budget under full em- 
ployment equilibrium with monopolistic pricing for v, 
and that with that pricing p is 20 percent above costs. 
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Ie. Then the household’s utility may be 
written as a function: 


(3) U = U (pr, see y Pns I) 
Hence, the GCY is such that 


(4) U... Py D) 
=. U (pi... Pa, I + GCV) 


According to a well-known formula due 
mainly to Hicks (pp. 169ff), we also have 


(5) GCV = >> gov; 
tem] 

In (5), GCV is as before, though now 
changes in many prices together are being 
compensated for. Also, gev; is the gross 
compensating variation for the increase in 
the price of the zth of n monopolized 
products. The gcv; for those products, 
however, must be determined sequentially. 
Thus, if they are treated in the order in 
which the products are numbered, then 
for gcv; reference is to the income incre- 
ment that would be needed to compensate 
for the increase in the price of the jth 
product when prices for all products 
1...(j-1) have already changed and 
have been compensated for.’ 


3 So far as it is understood that in the determination 
of gev;, previous price changes have been compensated 
for, this formulation seems somewhat novel. That goc; 
must be so construed, however, is seen at once when we 
consider that with that construction: 


LC ee Jeers oe a ae 
= U(pi, py... pran 


m m e é ee A 
U (FP By Po + Den) =. i 


tm] 


r+Sen) 


ti 


, Pn, I + gevi) =, 


= U (£, e 
Then, 
U(pi,..., ba, I + GCV) 
= U (2, ‘a 


Since utility is supposed to vary monotonically with J, 
(5) follows. - 


"4 Pay r +È ee) 


t=] 
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It also follows that GCV may still be 
evaluated from uncompensated demand 
schedules, but for each gcv; constituting it 
reference, strictly speaking, must be to 
that uncompensated schedule for x; con- 
forming to the indicated determination of 
gcv; Thus, suppose the demand function 
for the 7th product is given by 


(6) x; = d{p.... Piran dn, I) 


Then gcv; is to be calculated from the par- 
ticular member of that family given by 


+ 


(1) aad (a -e bit Pi Pita -+ Pry 
j-1 
I+ > gon) 


t=1 

Each and every gcv; as so calculated is 
precisely correct and all together sum to 
GCV if income elasticities of demand for 
all monopolized products are zero, but 
otherwise calculated gcv; and the resulting 
GCV will err in one way or another. Of 
course, if income elasticities were zero, 
there would also be no need to be con- 
cerned about the precise level at which 
money income is held constant in each 
demand schedule, for example, whether at 
I° or at I° plus a sum such as appears in 
(7). 

In order to obtain the NCV, we must 
deduct from GCV the MIA, the adjust- 
ment in Income needed to assure full em- 
ployment in the face of all price changes 
together. Here 


(8) MIA = X mia; = D (9 — pix; 

j=l jesl 
where x is the consumption of x;, when 
all prices of monopolized goods are at 


monopoly levels and income has been 
increased to (1°-+ MIA), i.e., 


m m 


(9) e =d... bi.. Pay 
I + MIA) 
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MIA is determined in principle, along 
with x, from (8) together with (9) for 
agli. A 

Might we also calculate NCY as so de- 
termined simply by summing areas such 
as ABC in Figure 2? To calculate such 
areas, reference here presumbaly should be 
made to demand schedules corresponding 
to that for x; in (7) when all prices other 
than p; are at competitive levels while 7 
corresponds to 7°, or full employment in- 
come when prices are at competitive 
levels. On that understanding, the answer 
to the question posed is in the affirmative 
under two conditions: (i) The income 
elasticity of demand for every monop- 
olized good is zero. (ii) Cross elasticities of 
demand among all monopolized products 
are zero. . 

Actually, under these conditions it is 
immaterial at what levels prices of prod- 
ucts other than the one considered and in- 
come are held constant in the calculation 
of an area such as ABC, for then all terms 
other than the price of the product in 
question drop out of the formulas for the 
demand for x; in (7) and (9). The uncom- 
pensated demand schedule for any good 
also coincides with its compensated de- 
mand schedule. Hence for any x; the 
areas FACG and FABG in Figure 2 pre- 
cisely correspond to gvc; and mia;. The 
difference between the aggregate of areas 
such as #ACG and the aggregate of rec- 
tangles such as FA BG, and hence also the 
resulting aggregate of areas such as ABC, 
for all commodities, also precisely corre- 
spond to the NCY. 

What if the stated conditions are not 
met? In that case, the aggregate of areas 
such as fACG can only be expected to 
diverge from the GCV, since for any x; 
such an area will differ from the gev,. 
That will be so insofar as: (i) The gceo; is 
properly calculated from a demand sched- 
ule such as that in (7), where prices for 
products other than x; are held constant, 
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some at monopolistic and some at com- 
petitive levels, and income is held con- 
stant at a level corresponding to that in- 
dicated in (7): and (ii) There are income 
effects of the usual sort, i.e., those mani- 
fest ir a divergence between the com- 
pensate] and uncompensated demand 
schedules for v; Similarly, the sum of 
areas such as FABG can hardly be ex- 
pectec to correspond with the MIA as 
given by (8 and (9). As in the case of a 
single monopolized product, errors at 
different points may sometimes tend to be 
offsettinz. So far as products generally are 
more citen substitutes than complements, 
that, as 2asily seen, is apt to be so regard- 
ing errors duz, on the one hand, to the dif- 
ference Letween uncompensated and com- 
pensated demand schedules and, on the 
other, to the difference between the sum 
of rectanzies such as FA BG and the MIA 
as given by (8) and (9). Nevertheless, the 
relatior. of the sum of areas such as ABC 
in Figure 2 to welfare losses as given by 
the NCV is rather complex. Without a 
detailed Enowledge of demand functions, 
in all their dimensions, i.e., demand func- 
tions suca as (7), we cannot really tell 
how nearly, if at all, the one is approached 
by the ozher. 


II. The Case for Inconsequentiality 


To come to Harberger, Schwartzman, 
and Leibenstein, their case for the incon- 
sequentiality of welfare losses due to 
monopolisżic pricing is too familiar to need 
any detailed replication here. Moreover, 
the chief question that I must raise about 
their methodology is already evident. 
Thus, Harberger and Schwartzman both 
calculate monopoly welfare losses simply 
by aggregating for different industries 
areas such as ABC in Figure 2. That is 
also Leibenstein’s procedure, though be- 
yond collating previous findings he limits 
himself to illustrative calculations. The 
procedure, to repeat, is also a valid one, 
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provided that the income elasticity of de- 
mand for every monopolized product and 
all cross elasticities of demand among 
such products are zero. Otherwise, how- 
ever, the procedure is subject to error at 
diverse points; an error, moreover, which 
is difficult to gauge. The practical import 
of the Harberger, Schwartzman, and 
Leibenstein findings, therefore, is obscure. 
But I have considered their methodol- 
ogy from a more or less conventional 
standpoint. Is their procedure not more 
defensible in terms of the Hotelling for- 
mula that they apply? That seems doubt- 
ful when we consider that Hotelling de- 
rives his formula simply by disregarding 
higher order terms in a Taylor expansion 
of the utility function. As he properly 
explains, the formula yields “an approx- 
imate measure when deviations from the 
optimum system are not great” (p. 253). 
While Harberger, Schwartzman, and Lei- 
benstein consider deviations from the op- 
timum represented by varying but often 
sizable divergencies of prices from costs, 
they apparently assume that the Hotelling 
formula still yields a good approximation. 
They could be right, but it is difficult to 
know that without further inquiry. 
According to the Hotelling formula, 
furthermore, welfare losses resulting from 
a displacement from a competitive equi- 
librium, and hence optimum, amount in 
money terms to 4) dp,dx;. Here dp; and 
dx; are the variations in $; and x; that the 
displacement entails. The summation is 
taken over all goods, though if, as here, 
one commodity is taken as numeraire, 
that necessarily drops out of the formula. 
Note, however, that dx; is the change in 
the consumption of x; that is induced by a 
change not only in the price of that good 
but in the prices of all other goods. Sup- 
posedly income also varies in a prescribed 
manner.* Hence complex demand effects 


4 In his essay, Hotelling focuses on the impact of the 
introduction of excise in place of income taxes yielding 
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of the sort I encountered above in the cal- 
culation of the NCY are also encountered 
here. As already indicated, such effects are 
nevertheless neglected by MHarberger, 
Schwartzman, and Leibenstein. 

Finally, Hotelling takes welfare losses 
to be represented in money terms by the 
quotient dU/a, where dU is the increment 
in utility and @ is the marginal utility of 
money. For variations of any magnitude, 
however, welfare losses as so understood 
are unique only if the marginal utility of 
money is assumed constant. That was 
Marshall’s assumption, but he would not 
have made it where prices are varying for 
products constituting a major part of the 
household’s budget. Constancy in the 
marginal utility of money also entails a 
further assumption of cardinal measurabil- 
ity of utility, which Hotelling himself ap- 
parently preferred to avoid." 


the same total revenue. Since what counts is money 
income net of income taxes, the prescribed change in 
money income is evidently equal to the total revenue 
from the excise taxes, and so corresponds precisely to 
the MIA as defined here. As it turns out, that also 
means that the displacement from the optimum that 
Hotelling considers, like the one I consider, entails a 
shift along a plane in which consumption at predis- 
placement prices is constant. In my analysis, however, 
that occurs because of the assumption of a linear trans- 
formation locus. I find it rather puzzling, therefore, 
that Hotelling, pp. 255-56, apparently considers his 
formula as applying even where marginal costs are 
variable. 

5 Might we not, however, interpret a as representing 
simply the marginal utility of money at some intermedi- 
ate point in the range in question, and so avoid in this 
way the assumption of constancy of the marginal utility 
of money? It we may judge from a recent discussion by 
Harberger (1971, pp. 786ff) of a formula similar to 
Hotelling’s, he might now argue that a in the Hotelling 
formula be construed in just that way. But that ap- 
parently would mean that the term 


(a/2) >> dpidsx; 


which was derived as a lower order term in a Taylor’s 
expansion, is nevertheless to be interpreted as the re- 
mainder term. How that may be done is not clear. 
Moreover, it is still disconcerting that the measure of 
welfare losses depends on an unknown point to which 
reference is made within the range in question. While 
Harberger applies the Hotelling formula without quali- 
fication, it should be observed that Schwartzman, p. 
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As seen by Harberger, Schwartzman, 
and Leibenstein, monopoly welfare losses 
evidently must turn primarily on two em- 
pirical factors: price elasticities of demand 
and price-cost ratios for monopolized 
products. That is still true according to the 
alternative methodology that I have 


elaborated, though Harberger, Schwartz- . 


man, and Leibenstein refer to own price 
elasticities, while as seen here cross and 
income elasticities also matter (and in the 
latter case, as seen from (7) and (9), not 
merely through the usual sort of income 
effects). It should be observed, therefore, 
that Harberger assumes throughout a 
price elasticity of unity for monopolized 
products. In his view, 


... one need only look at the list of in- 
dustries ... considered in order to get 
the feeling that the elasticities in ques- 
tion are probably quite low. The pre- 
sumption of low elasticity is further 
strengthened by the fact that what we 
envisage is not the substitution of one 
industry's product against all other 
products, but rather the substitution of 
one great aggregate of products... for 
another aggregate. [1954, p. 79] 


The assumption of a price elasticity of 
unity, however, was held “objectionable” 
by Stigler for the reason that “A monop- 
olist does not operate where his marginal 
revenue is zero....In any event,... 
most industries have long-run demand 
curves which are elastic” (p. 34). Accord- 
ing to Schwartzman, Harberger’s assump- 
tion is indeed to be thought of as applying 


630, notes that he is neglecting variations in the demand 
for a product associated with changes in equilibrium 
magnitudes generally, as distinct from a change in the 
price of that product alone. He apparently considers 
such variations unimportant. Leibenstein does not refer 
to Hotelling, but he accepts Harberger’s methodology. 
Leibenstein, p. 396, n. 3, refers, however, to the error 
due to neglect of income effects originating in the diver- 
gence of uncompensated from compensated demand 
schedules, and concludes that such effects are apt to be 
negligible. He may be right but as indicated income ef- 
fects are seen here to be much more complex than he 
thus assumes. 
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to an :ndustry rather than an individual 
firm: “Moreover, if we are interested in 
the value of resource misallocation by 
monopolistic industries as a group, the 
relevant demand elasticity is less than the 
average of the individual industry demand 
elasticities’ (pp. 628-29). Schwartzman 
assumes the price elasticity of demand is 
no more than 2. For purposes of illustrative 
calculation, Leibenstein assumes that in 
monopclized industries the “... average 
elasticity of demand is 1.5” (pp. 395-96). 

How 2lastic the demand for a composite 
of all monopolized commodities is in re- 
spect cf price is an interesting question. 
But for purposes of appraising monopoly 
welfare losses, it is also not too relevant. 
All monopolized products could properly 
be treated here as a single composite prod- 
uct only if the prices of all such products 
exceed their competitive levels by rela- 
tively the same amount. So far as the 
facts are otherwise, welfare losses originate 
not only in inordinately high monopoly 
prices generally, but in the variation for 
different products in the relation of such 
prices ta costs. Also, what counts Is varia- 
tion not only between industries in any 
conventicnal sense, but between products; 
even between different qualities or models 
of the same product (for example, different 
models of Buicks) so far as price-cost 
ratios vary here as well. In principle, 
therefore, welfare losses must be calcu- 
lated by reference to the demand for each 
and every such monopolistic product, 
quality or model as the case may be. Only 
in that wey can all such losses be allowed 
for.® 

As to how elastic demand is for one or 
another product, quality or model, that 


ë As explained, Harberger, Schwartzman, and Leiben- 
stein all assume ccnstant costs. In this essay, I have 
fallen in wita that assumption, but note that so far as 
costs vary eren uniform monopoly price-cost ratios 
would not mean that monopoly prices are all in the 
same relation to those that would prevail under com- 
petitive pricing. 
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must depend on the item. Presumably it 
also depends on the prices of other goods 
and household income. That is a matter of 
some importance, since in the calculation 
of gcv; reference is to demand schedules 
which vary from item to item in respect of 
the levéls at which prices of related goods 
and income are held constant. Any a 
priori assumption must be a gross over- 
simplification in this sphere, but I doubt 
that an elasticity of unity or even of 2 
can be nearly large enough to encompass 
the interesting range of possibilities for the 
purposes of a calculation such as in ques- 
tion. 

In this connection, it is pertinent to re- 
call the relation familiar in monopoly 
theory that is alluded to by Stigler: 


(10) nep = pil (pi ~ MC) 


Here n}, is the price elasticity of demand 
for the zth product, ; is its price and 
MC,, its marginal cost. No one supposes 
that (10) can be more than very broadly 
applicable to real world monoplies, but 
Leibenstein, for example, assumes a mo- 
nopoly price-cost ratio of 1.2. It seems 
illuminating that with that ratio (10) 
would imply an elasticity of demand as 
high as 6. Leibenstein considers that the 
monopolistic price-cost ratios must in fact 
average less than 20 percent, but for a 
ratio of, say 10 percent, (10) yields an 
elasticity of 11. To repeat, though, (10) 
hardly applies exactly in practice, and it 
may be just as well to note here that I my- 
self will allow later for possible divergen- 
cies from it in either direction. This as- 
sumption isin order when we consider such 
aspects as the limitations in a firm’s 
knowledge of its cost and demand sched- 
ules; the fact that because of price leader- 
ship, collusion and other adaptations to 
oligopolistic interdependence the firm may 
calculate in terms of a demand schedule 
that is less elastic than the one relevant 
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here (i.e., that where prices of all other 
products, including even close substitutes, 
are unchanged), and so on. 

What of the price-cost ratios? Harberger 
deduced these from data on profit rates 
for different industries. Stigler, pp. 34-35, 
held, however, that monopoly profits are 
often capitalized, and in diverse ways not 
always sufficiently allowed for by Harber- 
ger, with the result that the indicated 
price-cost ratios may often be too low. 
Still other forces could operate to produce 
the same result. As Harberger is aware, 
monopoly prices reflect not only monopoly 
profits but monopolistic advertising, but, 
even for the early period he considers, the 
resulting additional misallocation cannot 
be dismissed as he dismisses it simply on 
the ground that advertising outlays were 
“... well under 2 percent of sales for all 
the industries . . .” (1954, pp. 85-86) stud- 
ied. The industries studied include com- 
petitive as well as monopolistic ones, so 
the corresponding ratio for monopolistic 
industries alone must be higher. What 
counts here, moreover, is not only average 
relations but their variation between in- 
dustries and products. 

Harberger treats intermediates as if 
they were consumers’ goods. The relevant 
monopoly profits for any consumer’s good, 
however, are not those prevailing in the 
industry in question, but those profits, 
together with the additional profits accru- 
ing on intermediate products used in that 
industry. That is so even though the con- 
cern is, as in the studies in question, only 
with misallocation between consumers’ 
goods industries, and not with further 
losses due to monopolistic distortions in 
factor mixes. (I return to that later.) If, as 
a practical expedient, reference is to be 
made only to “direct” as distinct from 
“direct and indirect’? monopoly profits, it 
should be closer to the mark to relate such 
profits to value-added rather than to sales, 
as Harberger does. 
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In his calculation Schwartzman seeks to 
determine the impact of monopoly on 
U.S. industrial prices from a comparison of 
ratios of sales and variable costs in similar 
concentrated and unconcentrated indus- 
tries in the United States and Canada. In 
this way, the average “monopoly effect” 
is estimated at 8.3 percent of average vari- 
able costs. Schwartzman avowedly seeks 
to meet objections such as Stigler’s to the 
Harberger calculation. To what extent he 
- succeeds in doing so in his involved calcu- 
lation is difficult to judge from his very 
brief exposition, and further questions such 
as were raised above regarding the Har- 
berger calculation do not seem clearly dis- 
posed of. Schwartzman takes a step back 
from Harberger by assuming a uniform 
monopoly effect in all monopolized indus- 
tries. He thus fails to allow for the mis- 
allocation due to variations in that effect 
between products. Monopoly price-cost 
ratios are a complex matter on which there 
will have to be many more studies before 
we can confidently narrow the possibilities. 

I referred at the outset to a study of 
. Kamerschen indicating that monopoly 
losses may be appreciably greater than 
Harberger and Schwartzman calculated. 
Kamerschen proceeds for the most part as 
Harberger did, so his findings too are dif- 
ficult to construe, but he refers to profits 
data for a later period, 1956-57 to 1960- 
61. He also attempts to extend the cal- 
culations to embrace nonmanufacturing 
business and enterprises other than corpo- 
rations, and to allow more systematically 
than Harberger could for -capitalized 
monopoly profits and monopolistic dis- 
tortions in costs in the form of intangible 
assets, royalties, and advertising expense. 
While intermediate products are again 
treated as final, however, monopoly profits 
are still related to sales rather than value 
added. Monopoly welfare losses are esti- 
mated at 1.03 to 1.87 percent of the na- 
tional income depending on which of a 
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number of variants is considered. These 
magnitudes, while modest, are, of course, 
far larger taan Harberger’s. They result 
from th= assumption of a unitary elastic- 
ity of demand. Alternative calculations 
apparently assuming elasticities in differ- 
ent industries such as conform to (10) yield 
still much higher figures: 3.87 to 6.82 per- 
cent of national income.’ 


I. An Alternative Approach 


In inquiring into the methodology of 
Harberger, Schwartzman, and Lieben- 
stein, I have elaborated an alternative 
that is akin to theirs so far as monopoly 
welfare losses are still calculated from un- 
compensated demand schedules. But while 
the alternative methodology served as a 
basis for appraising that of Harberger, 
Schwartzman, and Leibenstein, it evi- 
dently must be difficult to apply when 
monopolized products are at all numerous. 
I now explore still another approach to the 
calculation of welfare losses due to monop- 
oly pricing. Resting on the assumption of 
a special type of household indifference 
map, this approach can only yield hypo- 
thetical measures, but these may illumi- 
nate further what might already have been 
surmised: the marked sensitivity of the 
calculated welfare losses to the elasticity 
of demand for monopolized products and 
to the level and distribution of the monop- 
oly price-cost ratios. 

The hcusebold indifference map in 
question is given by equation (11): 


n+l 
{(1—1/¢) 
wy Xn41) = Z Aixi 
t=1 


(11) U(zu. 
As before, I assume that there are n+ i1 
industries producing a corresponding num- 
ber of commodities, that of these indus- 
tries one, #+1, is competitive and that all 
others are moropolistic. The output and 

TI refer to calculations based on after-tax profits. 


Further calculations based on before-tax profits often 
yield even higher-figures. 
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hence also the household’s consumption of 
the zth good is x;. 

In (11), Az is a constant, and so too isa. 
If x; stood for employment of a productive 
input rather than consumption, therefore, 
(11) would simply represent on the 
%1...%n41 hyperplane a CES production 
function such as lately has become famil- 
lar in productivity analysis. The term e 
would then represent the elasticity of sub- 
stitution between any two factors, em- 
ployment of all others being given. 

I refer here nevertheless to consump- 
tion, but as Paul Samuelson, p. 787, has 
pointed out, the CES production function 
itself corresponds to a function of the 
same form that I derived long ago (1936, 
reprinted 1966) for a household’s indiffer- 
ence map in an analysis of Ragnar Frisch’s 
methods of measuring marginal utility. In 
any event, (11) may be conceived of as 
applying to consumption no less than to 
production, and for present purposes it 
has the distinct merit that by varying v, 
now representing the elasticity of substi- 
tution between any two consumer’s goods, 
we may allow different degrees of substi- 
tutability between products, and so ulti- 
mately for varying elasticities of demand 
for one or another of our monopolized 
goods. In the absence of empirical data on 
the comparative income elasticities of 
monopolized and competitive goods, it 
may be more of a virtue than a limitation 
of (11) that it implies unitary income elas- 
ticities of demand for all products alike. 

While I shall refer to U(m,..., an41) 
as a utility function, our concern is only 
with the indifference map that the func- 
tion defines. ‘Where appropriate, utility 
might be envisaged as being represented 
by some function of U(m,..., ry), 
rather than by that function itself. The 
utility dimension, therefore, need not be 
representable by a linear homogeneous 
function such as is usually considered in 
productivity analysis. Even on that un- 
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derstanding, (11) is admittedly rather re- 
strictive, but it still embraces an interest- 
ing range of possibilities. I use a function 
of the form of (11) here at the suggestion 
of Samuelson, who has also been helpful 
at other points. 

As before, the monopolized products, 


Xi... Xn, Sell at prices pı... n, which 
when fixed monopolistically have the 
values pf... pa. The competitive good, 


Xa+1, serves as numeraire. I again designate 
by Z° the household’s income as it would 
be if xı... £a were to sell at competitive 
prices, pi... m and there were no un- 
employment. Then 


(12) GCV = * -I 
where 
C3) O eessd d] 

= U(pi,. ++ Pay I) 


In other words, /* is the income that the 
household would require if, when «1... tn 
sell at pf... pF, it is to enjoy the same 
utility as it would when x... 4, sell at 
pi... pa and its income is Z°. 

We also have 


(14) MIA = 1" — [° 


where /” is the income that the household 


8 As he has also pointed out to me, the usual CES 
variant of (11), i.e., the one that is linear homogeneous, 
might itself be properly taken as a measure of real in- 
come. Moreover, for shifts along a linear production 
possibility schedule such as I have been assuming and 
will continue to assume here, real income as so under- 
stood and the net compensating variation turn out to be 
essentially the same metric. Thus, I express the NCV 
below as a coefficient, the decisive term being the ratio of 
two magnitudes of household income, one representing 
the income needed to assure, under monopoly pricing in 
monopolistic industries, the same utility as might have 
been enjoyed under competitive pricing in all industries, 
and the other representing simply the income needed to . 
assure full employment under monopoly pricing in 
monopolistic industries. That ratio, as is not difficult to 
see, corresponds precisely to the ratio of real income in 
equilibrium under competitive pricing in all industries 
to real income in equilibrium under monopoly pricing in 
monopolistic industries. 
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must have if employment is to continue 
. to be full when prices are p7 . . . pa rather 
than ~,... #%. Finally, 


(15) NCV = (I* — I) — (Im — J) 
al = [* — Jm 


While NCY is of interest, we may more 
readily relate our analysis to previous 
ones if I focus on a corresponding coef- 
ficient: 


(16) 9 CNCV = (It — I*)/I™ 


In effect, this expresses the NCV as a 
fraction of the national income that would 
be produced in the full employment equi- 
librium under monopoly pricing. 

Ifa,,¢=1...,1s measured in units such 
that pf=1, production possibilities, which 
are again linear, are readily expressed in 
terms of a familiar formula convenient 
here: 


n+l J 


(17) >) a = 


t=1 


From (11), (16), (17) and the usual 
conditions for household equilibrium, it 
can be proven that: 


n+l za 1/ (a1) 
(18) CNCV = ( Y yà ) 


t=] 
ntl -] 
(Era; ) = 
il | 
Here, for t=1..., >; is $ when the 


unit of a; is such that pf=1, and also 
represents the monopolistic price-cost 
ratio. The term \n+1 equals unity. Also, 


(19) vi = (pix) T 


or since p;' =X, 


(20) yi = N/D 


where x” represents the output of x; when 
p i=1...n is fixed monopolistically, 
and there is full employment equilibrium, 


N 
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i.e., Income is Z”. Thus y; is the income 
share that is accounted for in such an 
equilibrium by the household’s expen- 
diture on x: A proof of (18) is given in the 
Appendix. 

From (181, the CVCV depends on: (i) 
Y; the income share devoted to x, 1 
=1...mH+., in the full employment 
equilibrium with monoply prices; (ii) 
A, 7=1...%, the monopoly price-cost 
ratio for each and every product, it being 
understood that Anu, the price-cost ratio 
for the competitive product, is unity; and 
(iii) o tne elasticity of substitution. In 
order to see how the CYCV might vary in 
depender.ce on these parameters, let us 
consider first the case where there is but 
one moropo.istic product, a, and the 
competitive product is accordingly x». 
Our parameters, then, consist simply of 
‘i, àp and ø. In Table 1, I show in per- 
centages the magnitudes of the CNCV 
indicated by alternative hypothetical 
values of Yı, M, and ø. In all cases, yı is 
taken ecuel to 0.5, so the household di- 
vides its income equally between the 
monopolized and competitive products. 
For ^, the monopoly price-cost ratio, I 
consider three alternative values: 1.1, 


TABLE 1—~ VALUES OF THE COEFFICIENT OF NET 
COMPENSATING VARIATION (CNCV) FORA 
Two-Goop Economy AND ALTERNATIVE 


Ai AND g 
CNCYVs 
ov Ai= 1.1 A= 1.2 A=1.3 
(1) @) (3) (4) 
.50 .06 21 43 
1.00 .11 Al .86 
2.00 .23 83 1.73 
4.00 245 1.66 3.43 
8.00 .30 3.20 6.38- 
16.00 1.70 5.47 9.95 
32.00 2.35 7.58 12.46 
64.00 3.36 8.30 13.74 





a Shown in percent. 
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TABLE 2—VALUES OF THE COEFFICIENT OF NET COMPENSATING VARIATION (CNCYV) 
FOR A THREE-Goop ECONOMY FOR ALTERNATIVE MM,,(A), M, `z, AND o 


CNCVs 
Mn(\)=1.1 Mr(d)=1.2 Ma(s)=1.3 
A= b.05 Ay=1.05- A=1.1 Ai=1.1 A= 1.15 M=1.15 
o Ae l.15  Ag=1.20 Mm=1.3 he 1.4 ro 1.45 ho= 1.60 
(1) (2) (3) (4) (5) (6) 
.50 .08 -10 .28 33 .54 .62 
1.00 .17 .20 .56 .70 1.11 1.29 
2.00 130 42 1.15 1.43 2.33 2.81 
4,00 67 88 2,43 3.18 4.98 6.48 
8.00 1.41 1.97 5.15 7.39 10.43 15.09 
16.00 2.93 4.46 9.82 15.10 17.93 27.08 
32.00 5.36 8.46 14.34 21.85 23,38 35.01 
64.00 7.50 1.54 16.94 25.47 26.21 39.03 





a Shown in percent. 


1.2, and 1.3. The elasticity of substitution, 
g, varies between .50 and 64.9 

The CNCV evidently varies widely in 
dependence on both these parameters. 
Thus, for \.=1.1, the CNCV varies from 
less than a tenth of a percent to 3.9 per- 
cent as ø varies from .50 to 64. For M 
=1.2, the corresponding variation in 
CNCY is from two-tenths of a percent to 
8.8 percent, and for \,;=1.3, from four- 
tenths of a percent to 13.7 percent. For 
the single household economy in question, 
as indicated, reference in each case is in 
effect to the percentage relation of monop- 
oly welfare losses to the national income. 
The CNCYV is also affected by yı, though 
often not very markedly. Interestingly, 
depending on e, a deviation of y, in either 
direction from 0.5 may raise or lower the 
CNCY.?° 


® Where o=1, formula (11) gives way to the familiar 


Cobb-Douglas variant. In that case it is easy to show by _ 


reasoning such as is used to prove (18), that that for- 
mula is supplanted by: 


ntl Pe ntl a4 
CNVC = Ia) (È aa )-1 
iml fæl 


10 For example, for M= 1.2, and o taken in turn to be 
2.0, 8.0, 16.0, and 46.0, I find that for 7,=.33 the 
CNYC has these values: .74, 3.21, 6.19 and 11.37. For 


Turning to many monopolized products, 
from the calculations just discussed, the 
CNCV evidently must depend on the 
average à; in monopolized industries. By 
merely increasing the number of monop- 
olized products to two, we see that the 
CNCY is also sensitive to the distribution 
of A; about their mean. 

Thus, in Table 2, I assume that there 
are two monopolized industries, x, and 
4%, and one competitive one, x} The cor- 
responding price-cost ratios are Ai, Ae, and 
Az, Where 4;3=1. For the weighted mean of 
ài and Az, we have 


(21) Ma) = (Sa) /( Èr) 


i=l 


In the table, I consider, for n= 2, three al- 
ternative values of Mm(A) corresponding 
to the three values of M that were con- 
sidered previously, that is, 1.1, 4.2, 1.3. 
For each Mn(X) I refer to two variants, 
one in which M and ^M are distributed 
symmetrically about their mean, and the 
other in which their distribution about 
their mean is asymmetric, with ^: ex- 


yı=.67, the corresponding figures are .74, 2.56, 4.04, 
and 5.98. 
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ceeding Mnà) by more than ^ falls short 
of it. The specific M and M assumed in 
each variant are as indicated in the table. 
In all cases, y; for the competitive good— 
now y:—Is 0.5, so as with the single 
monopolized good considered in Table 1, 
the two monopolized goods account for 
half the household’s income. For the sym- 
metric distributions, then, y:=ye=0.25. 
For the asymmetric distributions, M mA) 
is as assumed for y:= .33 and y2=.17. 

With the inclusion of a second monop- 
olized good in the economy the CNCYV ap- 
parently increases markedly. That is so 
for all the assumed M,,(A) and for all the 
symmetric distributions of `^ and de. It is 
even more so if A; and `^ are distributed 
asymmetrically. For example, for c=8, a 
monopoly price-cost ratio of 1.2 implied 
previously a CNCV of 3.2 percent. With 
a mean price-cost ratio for the two monop- 
olized industries of 1.2, the CVCV now 
rises to 5.15 percent for the symmetric 
distribution. For the asymmetric distribu- 
tion, the coefficient is still greater: 7.39 
percent. 

Further calculations assuming that the 
number of monopolistic products is in- 
definitely large but with price-cost ratios 





distributed in a more or less skew way, 


as might be expected, yield for a wide 
range of o measures of the CNVC very 
similar to those obtained from the asym- 
metric distribution in Table 2.1! 

In selecting values of parameters for 
evaluation of the CVCV, I have tried to 


1 The calculations assume as before that the com- 
petitive product accounts for one-half of income. The 
remaining half is distributed among monopolistic pro- 
ducts on the assumption that the share of income rep- 
resented by price cost ratios within a small interval Ad 
embracing any particular ratio \ is given by the product 
Ad and a linear function y (A) =aħ-+b which slopes down- 
ward to the right and reaches zero from above at A=/ 
= — (b/a). The constants a and b are evaluated so as to 
assure that Af,,(A), the mean monopoly \, corresponds 
to those considered previously: 1.1, 1.2, and 1.3. To cite 
one or two examples for ¢= 8.00 the CNCV for Mn(A) = 
1.1 is 1.96; for MaA) = 1.2, 7.39; for MaA) = 1.3, 15.19, 
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take account of related magnitudes con- 
sidered in 3revious analyses, though I 
also refer to quite other possibilities as 
well, though perhaps not always very 
realistic ones. One of the parameters 
considered, however, is a, the elasticity of 
substitution. That is, of course, not the 
same thing as the elasticity of demand 
considered in previous analyses, but for 
the utilizy function being considered the 
two aspects are related by a very simple 
formula:-? 


(22) tip = 0 — ¥i(o — 1) 


Here, 7:,, as before, is the negative of 
(p:/x;)(Az;/09;), the partial derivative 
being understood to have the usual sort of 
subscripts. Evidently, if «<1, then nip 
>ç, but otherwise 7, is no greater than 
g, and is in fact less than o whenever 
g>i. The shortfall in the latter case is 
the greater the larger is o and the larger 
is y; the share of the commodity in ques- 
tion in the household’s budget. While 
theoretically the divergence between 7}, 
and o could thus be marked, presumably 
y: would tend to be small so far as there 
are many commodities. For practical 
purposes, therefore, np should usually 
closely approximate g, and my calcula- 
tions may be read accordingly. 

I have assumed that production possi- 
bilities are linear. That is more or less the 
counterpart of the assumption of constant 
costs mad=2 in previous analyses. Where 
costs are not constant but increasing, it 
has been held (see Harberger (1954, p. 
82)) that other things equal, monopoly 
welfare losses will be less than where costs 
are constant. The appropriate translation 
of increasing costs here is a curvilinear 
production possibilities schedule that is 
concave fram below. With such a schedule, 
the structural shift in outputs induced by 


12 See the Appendix, 


VOL. 63 NO. 5 


monopoly pricing is necessarily dampened, 
and one might suppose that as a result 
monopoly welfare losses would indeed be 
reduced, That could be so, but I believe 
it need not be. I leave this matter, how- 
ever, to separate inquiry. Of course, so far 
as there is monopoly, we cannot at all ex- 
clude that in the vicinity of the equi- 
librium costs will be decreasing or that 
production possibilities will be convex 
from below. 

I have also assumed that the elasticity 
of substitution is the same between any 
and all pairs of goods. As seen from (22) 
that need not mean that the elasticity of 
demand is also the same for all goods, but 
I have tacitly assumed that monopoly 
price-cost ratios might vary between goods 
independently of their price elasticities. As 
indicated, (10) can hardly be expected to 
apply systematically, but so far as it ap- 
plies at all the price-cost ratios must in 
some degree vary inversely with price 
elasticities. Given that, one surmises that 
losses would be less than otherwise, but I 
leave this, too, to separate inquiry. 


VII. Conclusions 


I have sought to appraise calculations 
indicating that welfare losses due to 
monopoly pricing in a country such as the 
United States are relatively inconse- 
quential, and have argued that those 
calculations are open to question on both 
conceptual and empirical grounds. Under 
an alternative approach, which does not 
seem subject to conceptual limitations af- 
fecting previous calculations, the coef- 
ficient of net compensating variation, 
which is taken to measure monopoly wel- 
fare losses, is quite sensitive to empirical 
aspects which still seem unsettled, par- 
ticularly, the elasticity of demand for 
monopolized products, and the varying 
magnitudes of price-cost ratios for dif- 
ferent monopolized products, together 
with the shares of household income that 
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those products account for. While I have 
queried the conclusions of Harberger, 
Schwartzman, and Leibenstein, they have 
focused attention in a forceful way on an 
important question. That is a significant 
contribution in itself, from which nothing 
that has been said can detract. 

I have joined previous writers in tacitly 
assuming that in the community con- 
sidered, supplies of productive factors are 
given. No account has thus been taken of 
the adverse effect of monopolistic pricing 
on choices between leisure and work. The 
analysis can be extended in familiar ways 
to embrace such choices, however, so they 
seem to pose no new question of prin- 
ciple, though since leisure must be treated 
as a competitive good, its inclusion must 
affect the share of such goods in household 
income.” | 

I have also joined previous writers in 
focusing on welfare losses due to monop- 
olistic pricing as that affects resource 
allocation as between consumer’s goods. 
Monopolistic pricing, of course, also causes 
misallocation of resources at other points. 
Such further misallocation is properly the 
subject of a separate inquiry, but the 
calculations in question are sometimes 
taken to reflect monopoly welfare losses 
generally. Perhaps I should underscore, 
therefore, that whatever the losses due to 
misallocation between consumer goods, 
they are only compounded by misalloca- 
tion caused by monopoly prices in other 
spheres, perhaps chiefly the determination 
of comparative factor proportions in dif- 
ferent industries,‘* and the volume of sav- 
ing and investment. Related to, but not 
the same thing as, misallocation due to 
monopoly pricing is the adverse impact of 


13 Monopolistic pricing also may have an adverse 
effect on effort, but at least in principle it is not difficult 
to extend the analysis to that aspect too. 

“4 Harberger (1959) has tried to grapple with this 
matter, too, though reference is to distortions due to not 
only monopoly prices but other causes. 
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monopoly on the discovery and introduc- 
tion of new technologies, though Schumpe- 
ter, of course, long ago made it a contro- 
versial matter whether monopoly is really 
always disadvantageous in this sphere. 
But the point being made is obvious and 
need not be labored: If consequential wel- 
fare losses due to monopoly are not pre- 
cluded in respect of consumption structure, 
they hardly are so more generally. 


APPENDIX 


This appendix derives equations (18) and 
(22). To begin with (18), given (11) and that 
%ns, is Numeraire, we derive at once these 
equilibrium conditions for household con- 
sumption: 

(A1) Ui/Un41 = (As/Antr) (n4121) 

= pi, 
Here and elsewhere U,,2=1...n-+1, repre- 
sents the marginal utility of x: Formula 
(Ai) holds whether prices for monopolistic 
products, i.e., Xi... n are at competitive 
or monopolistic levels. But, given our choice 
of units for those products, p =1,t=1... n. 
Hence, when prices are at competitive levels 
and J is such as to assure full employment at 
those prices, the consumption of x; and wy41 
conform to the relation: 


a=1,...,%7 


(A2) ti = (Aif Anyi) Sng 
From this and (17), 
TEL g ¢ 
(A3) De (Ai/ Anyi) Enpi = Å 
l i=l 


It follows that 


n+l 
(A4) PE = kAnis 2 A; 
ical 
and 
i K n+1 ss 
(A5) xi=kA:/ DLA; i=i,...,0 
tes] 


When prices of monopolistic products are 
at monopoly levels, Ar... An, and money 
income is J”, which assures full employment 
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at these prices, we see by similar reasoning 
that the consumption of x,41 is: 


m (2 nti —0 g 
(A6) Lat. = RAns1 / D AG A; 
qa] 
and of Xi, 
m m g nil —0 ¢ 
(A7) i = kh; A; > Ni Ai, 
teal 


4 = 1, * + * 3 tt 


Consicer now the still different equilibrium 
that prevails when prices of monopolistic 
products are at monopoly levels, but money 
income is at J*, as given by (13). Proceeding 
again much as before, we find that consump- 
tion of x; and x,,, conform to: 
ro = A (A i/ Ansa) ta 


(A8) 


In order to prove (18), I derive from the 
foregoing relations certain formulas for J* 
and 7”. To reer first to 7*, we know that 


nti 
* * 
a > Nik; 


t=1 


(A9) 


Also, as seen from (13), 


(A10) Uv‘ay,.. «5 tea) = Ulty..., tear) 
From this and (11), 
mt nti Si 
(A11) SAG) = D aay” 
t=] i=l 


Using this, (A2), and (A8), 


P 4 n+1 : g Í (e—1) 
(A12) Krtl = npl i > ai 


teal 


ai Eue e ai {e—-1) 
/ {uM a} 
t=1 


and 


(A13) PH = he (Ae Aai ari 


+1 : of (gml) 
Sen} 
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n+l oi {e—1) 
1- e 
[12a] 
i=l 


From (A4), (A9), and (A13), 


$ n+l E 1/(e—1) 
(A14) -449 as} 


tol 


/ {> l-e o H= 
Ai a 
t=1 


Turning to J”, we have 
i n+l et 
I = >, Ait: 


tex] 


(A15) 
Using (A7), 


m = l-e o¢ 
(A16) I =A EN ak 


i=l 


n+l A 
/ {Ss 
i=l 
From (16), (A14), and (A16), 
(A17) CNCV = 


n+l Š 1/(@—1) n+l nig 28 
EEUE 
ton] tee} 
n+1 ae a] (a—1) 
/ Seay 
t=) 
From (A7) and (A16), 
(A18) yi = (we /I") 
l-e o¢ art l-o g 
- (x Ai/ LN A’) 
tex] 


Formula (18) follows from (A17) and (A18). 
While it may have been useful to prove 
(18) in the foregoing manner, it should be 
observed that the same result can be ob- 
tained somewhat more quickly if it is consid- 
ered that from (16) the CN VC reduces to 
(I*/I™—1), Also, as given by (11) the utility 
function is homogeneous. Hence, equilibrium 
consumption positions relating to different 
levels of money income but the same prices 
all must be on the same ray through the ori- 
gin. That is true particularly of the equilib- 
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rium consumption positions corresponding to 
I* and I”, It also follows that the ratio J*/I™ 
corresponds to the comparative consumption 
of any one good in the two equilibrium posi- 
tions. Given that, (18) follows from (A13), 
(A7), (A4), and (A16). 

To come to (22), from (A1), 


(A19) piðx;/3 p) — (As An) 
‘(Btni1/OP) = 0, 7 ¥ i, 
and 
(A20) p:lðx:/3p) — (Ai An) 
(Atn41/OP) = — op; xi 


In these formulas, the derivatives shown are 
of a partial sort; with appropriate subscripts 
understood. Also, since 


n+l 
(A21) » PiX; = I, 
iml 
we have 
nti 
(A22) 


dD, p:(ðx;/8p:) = — x; 
jai 
From (A19), (A20), and (A22), 
(A23) (G%n41/0pi) = 
g a I~ e 
(e — 1) Anti 2 bi A; 


i=l 


And from this and (A20), 
(A24) (dx;/0 pÀ = 


g € ArI l-¢ v 
fo — 1Aix/pi 2 pi As —oxi/ pi 
tea] 


or 

(A25) nep =o — (e — 1) 93 A; 
aT i-e g 
2 pi Ai 
s=1 


Formula (22) follows at once from (A18) for 
monopoly equilibrium where A;= p; but it 
is evident that it must hold for any other 
equilibrium as well, for in (A18) A; could be 
construed as well to represent any p; and 
not merely a monopolistic one. 
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Devaluation, Money, and 


Nonttraded Goods 


RUDIGER DoRNBUSCH* 


This paper develops a monetary ap- 
proach to the theory of currency devalua- 
tion.’ The approach is “monetary” in 
several respects. The role of the real 
balance effect is emphasized and a dis- 
tinction is drawn between the relative 
prices of goods, the exchange rate and the 
price of money in terms of goods. Further- 
more, money is treated as a capital asset 
so that the expenditure effects induced by 
a monetary change are spread out over 
time and depend on the preferred rate of 
adjustment of real balances.? The latter 
aspect gives rise to the analytical dis- 
tinction between impact and long-run ef- 
fects of a devaluation. 

The first part of this paper develops a 
one-commodity and two-country model of 
devaluation. The simplicity of that struc- 
ture is chosen quite deliberately to em- 
phasize the monetary aspect of the prob- 
lem as opposed to the derivative effects 
that arise from induced changes in rela- 
tive commodity prices. Trade is viewed as 
the exchange of goods for money or a 
means of redistributing the world supply 
of assets. A devaluation is shown to give 


* University of Rochester. This paper draws on my 
dissertation and I am indebted to the members of my 
thesis committee, Harry Johnson, Stanley Fischer, and 
Robert Mundell. In revising the material I had the 
benefit of comments from Karl Brunner, George Borts, 
Stanley Engerman, and Murray Kemp. I am particu- 
larly indebted to Ronald W. Jones and Michael Mussa 
with whom I enjoyed extended discussion of the topic. 

1 This approach is by no means novel. For formal de- 
velopments see Frank Hahn, Jones (1971), Kemp (1969, 
1970), Mundell, and Takashi Negishi (1972). Accept- 
ance of that approach has nevertheless remained 
limited. 

2 A “capital-theoretic’” approach to the real balance 
effect is developed by Alvin Marty. 


rise to a change in the level of trade and 
the terms of trade, the price of money in 
terms of goods. 

In the second part the implications of 
the existence of nontraded goods are in- 
vestigated, and induced changes in the 
relative prices of home goods enter the 
analysis. 


I. Devaluation in a One-Commodity World 

In this part we develop a purely mone- 
tary approach to devaluation in discussing 
a two-country, two-monies, and one-com- 
modity model.* This stripped down model 


abstracts from the complexities of dis- 
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tribution and substitution effects that 
may arise from changes in relative com- 
modity prices and places primary em- 
phasis on the real balance effect. 


A. The Model 


We assume that money is the only 
marketable asset and that real income 
(output) is in fixed supply in each country. 
The demand for nominal balances in each 
country is assumed to have the Cam- 
bridge form.* | 


3 The notion of trade in one commodity may alter- 
natively be interpreted as trade in a composite com- 
modity, so that relative goods prices remain unchanged. 
Such conditions may obtain either because of perfect 
substitution or else because of the absence of distribu- 
tion effects. 

4 The particular functional form of the demand for 
money obviously lacks generality. It is chosen here in 
order not to detract from the main line of argument, 
Alternative specifications would assume the demand for 
money proportional to expenditure as in Jones (1971) 
or else derive the demand for money from intertemporal 
utility maximization. Provided the underlying utility 
function is separable in consumption and real balances 
the qualitative conclusions of this paper carry over to 
such a formulation. 
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(1) L = kPĵ; L* = k* P*y* 


where 


k, k* =the desired ratios of money to 
income 

y,7* =real outputs 

P, P*=the money price of goods in 
terms of domestic and foreign 
currency 


and where an asterisk denotes the foreign 
country. Given the exchange rate, e, the 
domestic currency price of foreign ex- 
change, arbitrage ensures that 


(2) P = Pe 


With respect to monetary policy we as- 
sume that the nominal quantity of money 
in each country M, M*, is initially given 
and that governments abstain from chang- 
ing domestic money supplies except as it is 
necessary to maintain a pegged exchange 
rate. Accordingly the rate of increase in 
the domestic money supply is given by the 
trade balance surplus, B. 


(3) M = B = — eM* 


Desired nominal expenditure in each 
country, Z, Z*, is equal to money income 
less the flow demand for money, H, H*, 
where the latter is assumed proportional 
to the stock excess demand 


(4) Z= Pġ— H 
Z* saad P*5* on H* 
(5) =r(L — M) = H(P, M); 
H* = at ( L* = M*) zi H*(P*, M*) 


and where + and x* are the domestic and 
foreign rates of adjustment. The expen- 
diture functions in (4) imply.a short-run 
marginal propensity to spend out of in- 
come smaller than unity while in the long- 
run, when monetary stock equilibrium is 
attained, the average propensity to spend 
equals unity. 

In Figure 1 we show the domestic rate 
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of hoarding, H, and the foreign rate of 
dishoariing, —H*, as a function of P the 
domest:c currency price of goods. The 
schedul2s are drawn for given nominal 
money supplies in each country and an 
exchange rate e®. With the nominal quan- 
tity of money given, hoarding in the home 
country is an increasing function of the 
price level. An increase in the price level 
creates 2 stock excess demand for money 
and causes expenditure to decline relative 
to income a3 the community attempts to 
restore the real value of cash balances. It 
follows that we may view the hoarding 
schedule alternatively as the flow demand 
for mon2y ar the excess supply of goods 
(in nom:nal terms). By the same reason- 
ing the foreizn rate of dishoarding, given 
the exchange rate, is a decreasing function 
of the home price level. We note that the 
distribution 2f the money supplies under- 
lying Fizure 1 is not compatible with 


balance of peyments equilibrium. Foreign 


monetary stcck equilibrium would obtain 
at P’ while ror domestic monetary equi- 
librium the price level would have to be 
equal to P”. 

Consider now the cenditions of short- 
run equiibrium. In order for the world 
goods marke: to clear, we require that 
world income equal world expenditure or 


H(P,M) 





-e° H"(P/e", M*) 


H, -H*e° 


FIGURE 1 
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equivalently that the home country’s rate 
of hoarding equal the foreign country’s 
rate of dishoarding. 


(6) H = — H*e® 


The equilibrium is shown in Figure 1 at a 
domestic currency price of goods P’; a 
higher price level would leave a world ex- 
cess supply of goods and a lower price 
level a world excess demand for goods. We 
observe, too, that the short-run equi- 
librium at P° implies a trade balance def- 
icit for the home country equal to B”. 
That deficit, in the absence of steriliza- 
tion, as we assume, redistributes money 
from the home country to the rest of the 
world. The reduction in the domestic 
nominal quantity of money reduces real 
balances at the initial price level and 
thereby causes planned hoarding to de- 
crease and conversely abroad. In terms of 
Figure 1 this implies that the hoarding 


and dishoarding schedules shift to the 


right, a process that continues over time 
until they intersect between P” and P’ 
on the vertical axis. At that time exchange 
of money for goods ceases since each 
country has achieved its preferred asset 
position and spends at a level equal to its 
income. 


B. The Shori-Run Effects of a Devaluation 


Consider now the short-run or impact 
effect of a devaluation on the part of the 
home country. A devaluation changes the 
equilibrium relationship between price 
levels in the two countries. Differentiating 
equation (2) we obtain 


(7) P= prié 


where a denotes a relative change in a 
variable. Equation (7) informs us only 
about the relationship between changes in 
the price levels at home and abroad; we 
have to investigate the equilibrium con- 
dition in the world goods market in order 
to determine what the actual change in 
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FIGURE 2 


the price level in each country will be. For 
that purpose we turn to Figure 2 where we 
show the world economy in initial long-run 
equilibrium at a domestic currency price 
of goods P’. 

The effect of a devaluation is shown in 
Figure 2 by an upward shift in the fereign - 
dishoarding schedule. For foreign mone- 
tary stock equilibrium to obtain, given 
the nominal quantity of money, the foreign 
currency price of goods would have to re- 
main constant which in turn by (7) im- 
plies that the domestic price level would 
have to increase in the same proportion 
as the exchange rate, a price change equal 
to (P’~— P*)/P°. The domestic hoarding 
schedule, on the contrary, is unaffected 
and domestic monetary stock equilibrium 
would continue to obtain at a domestic 
price level P’. It is observed from Figure 2 
that at an unchanged domestic price 
level there would be a world excess de- 
mand for goods due to the increase in 
foreign real balances and expenditure 
while at an unchanged foreign price level 
there would be a world excess supply of 
goods due to the decréase in domestic real 
balances and expenditure. It follows that 
in order for the world goods market to 
clear the price level changes will have to 
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be distributed in such a manner as to re- 
duce domestic absorption and increase 
foreign absorption by an equal amount. 

The equilibrium increase in the domestic 
price level is equal to (P’—P°)/P° while 
the foreign price level declines in the 
proportion (P’’—P°)/P®. We note that 
both the domestic and foreign currency 
price of goods change less than propor- 
tionately to, the rate of devaluation and 
that the distribution of price changes de- 
pends on the relative slopes of the hoard- 
ing schedules. 

Given these price changes foreign real 
balances have increased and the real value 
of domestic balances has decreased thereby 
causing foreigners to dishoard in order to 
decumulate their capital gains and domes- 
tic residents to save in order to restore the 
real value of their cash balances. The home 
country’s balance of payments surplus is 
equal to OB and causes a redistribution of 
the world money supply. 

The formal criterion for the price 
changes and the balance of payments can 
be developed by differentiating the goods 
market equilibrium condition 


(6) w(kPi — M) 

+ er*(k*P5*/e — M*) = 0 
with respect to P and e holding the nom- 
inal quantity of money constant in each 


country. The relative change in the domes- 
tic price level is 
(8) n“ M*e j 
aM + r*M*e 
Defining the world money supply, mea- 
sured in terms of domestic currency M, 


(9) M = M + eM* 


and the domestic and foreign country’s 
share in the money world supply, o and 
o* we can rewrite (8) as 





(8’) f = 
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Substituting (8’) in (7) we obtain the ef- 
fect of a devaluation on the foreign price 
level: | 


ia — TT 


(10) pe = — 
ro + rtg" 


Equaticns (3’) and (10) show the distribu- 
tion of price changes to depend on relative 
effective size where effective size is the 
product of the speed of adjustment and — 
the share in the world money supply. In 
the small ccuntry case (me/r*a*=0) the 
home ccuntry price level increases in the 
same proportion as the exchange rate. 

The home country’s trace balance sur- 
plus is obtained by differentiating the flow 
demand function for money with respect 
to the price level and substituting (8) to 
yield 


r*M*e 
(11) dB = dJ = u| le> 0 
aM + 27*M*e 
Equatior. (1_) confirms that the balance 
of payments unambiguously improves. 


C. The Lonz-Run Effects of Devaluation 


The long-run effects of devaluation on 
nominal money supplies and price levels 
may be interpreted with the help of Figure 
3. In quadrants II and IV we show the 
domestic and foreign demand for real 
balances as hyperbolae; quadrant III 
shows th: ecuilibrium price relationship 
P*e= P for the initial exchange rate as the 
ray OA. Lastly in quadrant I the world 
money supply at the initial exchange rate 
is given ky MM*, where M*= M/e. 

Initial long-run equilibrium is indicated 
by point Æ where the distribution of the 
world mcney supply is such that each 
country holds the desired quantity of real 
balances end where the equilibrium rela- 
tionship between price levels is satisfied.® 

A devaluation on the part of the home 


5 For a strilar geometric treatment, see Arnold 
Collery. 
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FIGURE 3 


country affects both the price relationship 
and the world money supply. To each 
domestic price level corresponds now a 
lower equilibrium foreign price level; this 
is indicated in quadrant III by a rotation 
of the arbitrage line to OA’. Furthermore, 
given the initial nominal quantities of 
money in each country indicated by point 
E, the world money supply measured in 
terms of either currency changes: it de- 
creases when measured in terms of foreign 
currency by the initial domestic quantity 
of money times the exchange rate change 
and it appreciates in terms of domestic 
currency by the initial foreign quantity of 
money times the exchange rate change. 
Accordingly the world monetary con- 
straint rotates around point E—the initial 
endowment of currencies—to become 
WM”. 

It is readily verified from Figure 3 that 
the initial distribution of money supplies 
at point E is no longer appropriate as a 
long-run equilibrium position since it 
would be inconsistent with the new price 
relationship. The new long-run equilibrium 
is shown by point Æ’ indicating an in- 
creased domestic quantity of money and 
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price level and a decreased foreign quan- 
tity of money and price level. Real bal- 
ances obviously remain unchanged, be- 
tween the new equilibrium and the old. 

We should emphasize that our assump- 
tion about the absence of national money 
supply changes other than by the balance- 
of-payments mechanism is only one pos- 
sible assumption about the behavior of 
money supplies. If we had assumed on the 
contrary that the home country accom- 
panied the devaluation by an equipro- 
portionate increase in its nominal quantity 
of money the only short- and long-run ef- 
fect of the combination of policies would 
be an equiproportionate increase in the 
domestic price level and no effect whatso- 
ever abroad.® 

The latter monetary assumption would 
be appropriate if thè home country wished 
to run a transitory budget deficit financed 
by money creation without impairing its 
foreign exchange position; the former as- 
sumption corresponds to the case where a 
country uses a devaluation to increase its 
foreign exchange holdings. 


II. Devaluation and Nontraded Goods 


In this part we consider an extension of 
the monetary model to introduce flexibility 
in relative prices. Following Jones (1972), 
Michael Michaely, Mundell, and Anne 
Krueger, we assume that there are two 
classes of goods produced and consumed in 
each country, traded goods and non- 
traded goods. Each class of goods itself 
is taken to be a composite commodity so 
that the relative prices of goods within 
each group are invariant. The aggregation 
chosen here places emphasis on the rela- 
tive price of nontraded in terms of traded 


6 In terms of Figure 3 the policy combination would 
imply that the world monetary constraint both rotates 
and shifts cutward passing through M* since the world 
money supply measured in terms of foreign currency 
would remain unchanged. The conclusions in the text 
are readily verified from the fact that the new equilib- 
rium point would lie vertically above point £. 
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goods rather than on the terms of trade - 


between internationally traded goods; it 
emphasizes the effects of changes in ab- 
sorption on relative prices rather than the 
income effect of changes in the relative 
prices of traded goods. 

This extension has two implications for 
the effects of a devaluation: changes in 
hoarding or equivalently changes in ex- 
penditure relative to income change the 
equilibrium relative price of home goods 
and these changes in relative prices in 
turn affect the equilibrium rates of 
hoarding. 

We will show that in this more disag- 
gregated structure the conclusions of the 
one-commodity model continue to hold 
for the effects of a devaluation on the 
balance ot payments and the prices of 
traded gocds; the additional element that 
arises is that the reduction in domestic 
absorption and the increase in foreign 
absorption cause the relative price of home 
goods to decline at home and to rise 
abroad. This result may be viewed as a 
special case of transfer analysis and arises 
in that perspective since each country’s 
marginal propensity to spend on foreign 
home goods is by definition zero.’ 


A. The Model 


Denoting traded and nontraded com- 
modities as goods one and two, respec- 
tively, we assume that production takes 
piace along a concave transformation 
curve and that supplies are a function only 
of the relative price: 


(1) esx +=1,2 
where q is the relative price of nontraded 
goods—the ratio of the domestic currency 


prices of nontraded and traded goods, Pe 
and Pı, respectively: 


(13) q = PofP; 
7 The relationship between the transfer problem and 


devaluation is more extensively analyzed in Dornbusch 
(1973) and Jones (1971). 
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Demand for the two commodities is as- 
sumed to depend on money prices and 
nominal expenditure, or, using the homo- 
geneity property and adopting traded 
goods as a numeraire, on relative prices 
and real expenditure measured in terms 


of traded goods, Z.° 


(14) C: = C.(q, Z) 


Real expenditure 1s defined as real income 
less real hoarding, all measured in terms 
of traced goods as a numeraire: 


(15) Z=Y¥-—H 


i= 1,2 


where real income or the ree! value of out- 
put is defined as follows: 


(16) Y= Xi +X: = Yq) 


Monetary considerations affect the 
goods markets via the expenditure func- 
tion and in particular via the planned rate 
of hoarding. Maintaining our assumption 
that the cemand for nominal balances is 
proportional to money income and that 
hoarding is proportional to the stock ex- 
cess demand for money we may write the 
desired real rate of hoarding, measured in 
terms of traded goods, as a function of 
the relative price and the real quantity of 
money measured in terms of traded goods: 


(17) H = H(q, M) 
where 
(18) M = M/Pı 


Our assumptions about the stock demand 
for money ensure that ar increase in either 
domestic currency price raises the desired 
rate of real hoarding so that the following 
properties hold: 

oH ð 
(19) a ee —-M—=8>0 


> 


Q 


8 In the remainder of this paper a tilde will denote the 
fact that a quantity is measured in terms of traded 
goods. When these quantities are referred to as “real” 
this will not imply measurement in terms of a price 
index. 
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The definition of real expenditure in 
(15) may be rewritten as the budget con- 
straint in a manner that reveals the dis- 
aggregation of the model: 


(20) «X: — C) + (X1- Ci) = A 


It is evident from the budget constraint 
that when the home-goods market clears 
(X,=C,) the excess supply of traded goods 
identically equals the planned rate of 
hoarding. 

Given a corresponding set of behavioral 
relations and constraints for the foreign 
country we can now turn to the conditions 
of short-run equilibrium in this model. 


Short-run equilibrium obtains when for a. 
given exchange rate and given money sup- 


plies, all goods markets clear; that is, when 
the market for nontraded goods clears in 
each country and when the world market 
for traded goods clears. Such an equi- 
librium, by the budget constraint in each 
country, implies that one country’s 
planned rate of hoarding equals the other 
country’s planned rate of dishoarding. 
Equations (21) formally state these equi- 
librium conditions of the model 


(21) E: = XL — Chg, Z) = 0 


x, * wk 


E = Xl) — Cq, Z) =0 
* 


Älg, +i (q, MW) =0 


where 
MW =M'/Pi; q = P:/Pi; Pie= P; 


The first two conditions in (21) state that 
in equilibrium the excess demand for home 
goods is zero in each country while the 
third equation is the market clearing con- 
dition in the market for traded goods. 


B. The Impact Effect of a Devaluation 


To examine the modifications in the ef= 
fects of devaluation brought about by the 
introduction of nontraded goods we con- 
sider first the relationship between the 
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relative price of home goods and real 
hoarding. In particular we want to show 
that an increase in real hoarding lowers the 
relative price of home goods. That result 
obtains since an increase in real hoarding 
represents a decrease in real expenditure 
relative to real income so that at constant 
relative prices and given a positive mar- 
ginal propensity to spend on home goods 
the demand for home goods decreases. A 
decline in the relative price of home goods 
is required in order to eliminate the excess 
supply generated by an increase in hoard- 
ing. More formally the relationship be- 
tween the relative price of home goods and 
real hoarding may be derived by dif- 
ferentiating the first market equilibrium 
condition in (21) to obtain 








ey Mə ie 
GE (n2 + es)qCe2 i 
where 
pag i 
ðZ 
q 3C: ðC: aÝ 
n=- pee i 
= = habs 


The terms me, 2, and e, denote respec- 
tively, the marginal propensity to spend 
on home goods, the compensated elasticity 
of demand for home goods, and the elas- 
ticity of supply. 

In Figure 4 we show the market equi- 
librium schedule for the home country’s 
nontraded goods market as the locus 
E,=0; to maintain market equilibrium 
the expenditure reducing effects of an in- 
crease in hoarding have to be offset by the 
substitution effects of a decrease in the 
relative price of home goods. 

So far we have treated hoarding as the 
exogeneous variable and have enquired 
into the relative price effects of changes in 
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Esla, H) =O 


O B H 


FIGURE 4 


hoarding. We wish next to develop an ex- 
pression that relates the rate of hoarding, 
given the nominal quartity of money, to 
price changes. Differentiating the hoard- 
ing function in (17) we obtain 


(23) dH = ag + BP, 


and substituting for the change in the 
relative price of home goods, ĝ, from (22), 
we obtain 


(24) dH = yBÊ 1 
where the terms 


me 
m > 0 
(no + e2)qCo 


are introduced for notational convenience. 
To gain further understanding of the rela- 
tionship between hoarding, relative prices 
and the money price of traded goods de- 
rived in (24) we turn to Figure 4 where we 
show the effect of an increase in the price 
of traded goods. In addition to the market 
equilibrium schedule for home goods we 
draw a hoarding schedule as an increasing 
function of the relative price of home 
goods, given the nominal quantity of 
money and the price of traded goods and 
hence the real quantity of money, M°. 
The schedule is upward sloping since an 
increase in the price of home goods raises 
income and hence the demand for money 


i 
y = —e 
; 1 + aô 
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thereby increasing the desired rate of 
hoarding. 

Initial equilibrium is shown at a relative 
price ol nontraded goods, g°. An increase 
in the price of traded goods reduces the. 
real mcney supply and hence increases at 
constart relative prices the desired rate of 
hoarding. This is shown in Figure 4 by a 
rightward shift of the hoarding schedule. 
Since at constant relative prices there is an 
excess supply of home goods, their relative 
price will decline to g’ which in turn 
dampens the equilibrium rate of hoarding, 
B, relative to what it would have been at 
constan: relative prices. The shift in the 
hoarding schedule corresponds to the 
term 6%, in (24). while the dampening ef- 
fect shows ix the term y. 

It wil. be recognized that in the com- 
posite commodity model analyzed earlier 
perfect substitutability ensured that 6=0. 
In the present formulation the absence of 


. perfect substitution and the requirement 


that heme-gcods markets clear ensure that 
absorption changes are reflected in changes 
in relative prices; furthermore these in- 
duced changes in relative prices affect the 
equilibrium rate of hoarding tending to 
reduce the hoarding response associated 
with a given change in the price of traded 
goods. 

Having developed the basic relation- 
ships cf the model we can now proceed to 
investigate the effects of a devaluation. 
For that purpose we turn to Figure 5. In 
the upper part of that figure we draw the 
domestic and foreign home goods market 
equilibrium schedules, where the latter is 
drawn as 2 function of the foreign rate of 
dishoardirg and' hence is negatively 
sloped. We assume, arbitrarily and with- 
out consecuence, that initially the relative 
prices of home goods are the same in both 
countries. In the lower part of Figure 3 we 
draw the domestic hoarding schedule and 
the foreigr dishoarding schedule. It is im- 
portant to note that along these hoarding 
schedules the relative price of home goods 
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is allowed to adjust in order to clear the 
home-goods market so that by the budget 
constraint these hoarding schedules may 
alternatively be interpreted as the domes- 
tic excess supply of traded goods and the 
‘foreign excess demand for traded goods. 
Analytically the schedules are defined by 
equation (24) and its counterpart for the 
foreign country. 

Initial equilibrium obtains at a domestic 
currency price of traded goods P? and 
equilibrium relative prices of home goods 
g’=qj. A devaluation by the home 
country may be analyzed in a manner 
similar to the composite commodity model 
developed above. At an unchanged do- 
mestic currency price of goods foreign real 
balances increase causing foreigners to 
dishoard which is shown in Figure 5 by a 





FIGURE § 
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rightward shift of the foreign dishoarding 
schedule to A*’. Short-run equilibrium 
will obtain at a domestic currency price 
of goods P, where the world market for 
traded goods clears. The increase in the 
domestic price of traded goods causes the 
home country to reduce expenditure rela- 
tive to income and run a trade balance 
surplus equal to B. Corresponding to the 
reduction in domestic absorption we find 


`a decline in the relative price of nontraded 


goods at home to g while the increase in 
foreign absorption raises the relative price 
of nontraded goods in that country to g*. 

These results can be derived more for- 
mally by consideration of the equilibrium 
in the world market for traded goods. Re- 
calling that (24) allows explicitly for 
market clearing in the home-goods market ` 
that expression is identically equal to the 
excess supply of traded goods. Accordingly 
we may use (24) and its counterpart for 
the foreign country to determine the ef- 
fects of a devaluation on the domestic 
currency price of traded goods: 


(25) ByP, + Bry*(P, — ê) 
= 0 = dH + dH* 


Solving for the relative change in the 
domestic currency price of traded goods 
yields 

k R 
(26) P, = Se ee 
| By By 


The solution for the effect of a devalua- 
tion on the domestic currency price of 
traded goods shows that this price will in- 
crease less than proportionately to the 
rate of devaluation (0<@<1). Differen- 
tiating the price relationship P*=P,/e it 
is seen that the foreign currency price of 
traded goods will fall less than propor- 
tionately to the rate of devaluation. Sub- 
sitution of (26) in (24) shows that the 
devaluing country’s balance of payments 
unambiguously improves: 


(27) dH = By6é 


A 


ê = bê 
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So far our results correspond qualita- 
tively to those obtained in the composite 
commodity model. The departure arises 
from the fact that changes in absorption 
in the two countries change the equi- 
librium relative prices of home goods. Sub- 
stituting (27) in (22) we find that a de- 
valuation lowers the relative price of non- 
traded goods in the home country and 
raises it abroad: 


(28) g = — 6802; gt = d*B*y*(1 — )é 


While, like in the first part of this 
paper, short-run equilibrium is charac- 
terized by an exchange of traded goods for 
real balances and hence the absorption 
effects of a devaluation are emphasized, 
the role of the relative price of home goods 
js nevertheless crucial in the adjustment 
mechanism. Given imperfect substitutabil- 
ity between home goods and traded goods 
on the production side it is the adjustment 
in the relative price of home goods that 
translates changes in absorption into an 
excess supply of traded goods at home 
and an excess demand for traded goods 
abroad. 


IIE. Concluding Remarks 


Rather than summarize here the con- 
clusions of this paper we wish to empha- 
size some of the issues raised by the pres- 
ent formulation of devaluation analysis. 

The first and primary issue concerns the 
role of money in models of devaluation. 
The stance taken here is that a devalua- 
tion is foremost a monetary phenomenon 
and that its effects derive from the reduc- 
tion in the real value of money attendant 
upon a devaluation. If it is believed that 
the effects of a reduction of real balances 
on expenditure, by whatever transmission 
mechanism, are negligible then it may 
stand to reason that the effects of a de- 
valuation are negligible not that there 
must be other powerful avenues through 
which it exerts its effects. 

The second issue that deserves atten- 
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tion 1s that of aggregation. The formula- 
tion develaped here suggests that it is 
helpful to view traded goods as a com- 
posite commodity and thus to highlight 
the distinct-on between money and goods 
and between classes of goods that are re- 
spectively traded and nontraded. 
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The Effect of the EEC and EFTA on 
European Trade: A Temporal 
Cross-Section Analysis 


By Norman D. AITKEN* 


Utilizing a cross-sectional trade flow 
model of the type developed by Hans 
Linnemann and Jan Tinbergen, this study 
attempts to isolate empirically the major 
forces which have shaped European trade 
relations over the period 1951-67. We first 
estimate via the use of dummy variables 
the impact of the European Economic 
Community (HEC) and the European 
Free Trade Association (EFTA) on mem- 


ber trade. For each year of the European - 


integration period (1959-67), a cross- 
sectional equation is estimated and used 
to test for the existence and approximate 
size of the respective integration effects. 
The equation is also calculated for the 
eight years prior to the integration period 
to obtain a clear picture of the forces 
which were at work before the formation 


of the HEC. Secondly, a base year equa- 


tion is used to make projection estimates 
of the gross trade creation and European 
trade diversion effects of the two com- 
munities. 


I. Methodology 


As defined by Bela Balassa (1967, p. 5), 
gross trade creation (GTC) will refer'to 
the total increase in trade among members 


* Associate professor of economics, University of 
Massachusetts. Research for the paper was supported 
in part by a grant from the Research Council of the 
University of Massachusetts. I am indebted to Ronald 
Ehrenberg, Bradley Gale, James Kindahl, Joseph 
Kushner, Laurence Mauer, Anthony Scaperlanda, 
George Treyz, Brendan Walsh, anonymous referees, and 
the editor for valuable comments on earlier drafts of 
the paper. I assume all responsibility for any errors that 
remain. 
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of a trading community brought about 
through integration, regardless of whether 
the additional trade replaces domestic 
production or whether it replaces non- 
member exports. The substitution of im- 
ports from member countries (higher cost 
imports) for imports from nonmember 
countries (lower cost imports) will con- 
stitute trade diversion (TD). External 
trade creation (ETC) will refer to in- 
tegration-caused increases in trade be- 
tween a trading community and countries 
outside the trading community. ETC as 
an effect of economic integration is pos- 
sible in the case of a customs union where 
high tarif countries have to reduce their 
tariffs to the outside world as a part of 
the process of achieving a common ex- 
ternal tarif. ETC minus TD yields the 
net effect of a trading bloc on the outside 
world. 

All empirical studies which have at- 
tempted to measure integration effects 
have been faced with the common problem 
of isolating the effect of integration on 
trade from the effect of income growth 
and changes in other variables which 
normally affect international trading pat- 
terns. The major approaches to this prob- 
lem have either been to examine changes 
in market share of imports (or apparent 
consumption)! or to incorporate income 
directly into the statistical analysis (by 

1 Various formulations of the market-share approach 
are used in the studies by Edwin Truman, P. S. Ver- 
doorn, and F. J. M. Meyer Zu Schlochtern, J. Wael- 


broeck, M. K. Carney, and The European Free Trade 
Association (1969). 
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calculating income elasticities of import 
demand for the pre- and postintegration 
periods? or by using income as an inde- 
pendent variable in a trade-estimating 
model). Both of these approaches attempt 
to measure the effects of integration in- 
directly, or in other words as a residual. 
Either by using a base year trade matrix 
or a base period relationship between in- 
come and imports, estimates are made of 
what trade would have been in the absence 
of economic integration and these es- 
timates are then compared to actual trade 
to obtain the trade preference effect. One 
is thus leit with the uncertainty as to 
whether or not other factors may have 
been responsible for the difference be- 
tween provected and actual values. Fur- 
thermore, the residual approach does not 
provide an objective basis for determining 
the first year in which integration effects 
occurred. The base periods selected by 
previous studies of the EEC range from 
1958 to 1961 and hence it is clear that 
there is no general agreement as to the 
timing of the first EEC effect on trade. 

The present study has attempted to deal 
with these problems by estimating, 
through the least squares regression 
method, the following variant of the 
Linnemann trade flow model for each year 
of the 17-year period 1951-67. 


(1) log Xij = log bo + dy log Dij + de log Y; 
+ bs log Y; + bs log N: 
+ bilog N; + belog Ai 
+ blog po -+ bs log ova 
+ log Ci; 
where X is the dollar value of country 
z’s exports to country 7 measured accord- 
ing to country 7’s import data, Y, and F; 
are the nominal GNP of countries ¿ and j 
expressed as a dollar value, N; and N; are 


2 See Bela Balassa (1967). 
3 See Mordechai Kreinin and J. Waelbroeck. 
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the populations of the respective countries, 
D;; is the distance between the commer- 
cial centers of the two countries, Ai; is a 
dummy variable for adjacent or neighbor- 
ing countries, Py and P34 are dummy 
variables for trade between partners of the- 
EEC and «FTA, respectively, and log 
refers to common logarithms.’ 

The variables F; and N: together deter- 
mine the potential export supply of 
country t, with Y, determining economic 
capacity and N; determining the domestic 
market/foreign market production ratio. 
(N determines market size and, assuming 
economies of scale, the larger N the more 
lines of production for which the country 
will meat the minimum market size for 
efficient market production (see Linne- 
mann, pp. 11-14). The larger N, there- 
fore, the !arger the domestic market to 
foreign market ratio and the smaller the 
potential export supply of the country.) 
The variables Y; and N; together deter- 
mine the potential import demand for 
country j, using the same arguments that 
were applied to potential export supply. 
Dj; is a proxy variable for natural trade 
resistence which in turn is a composite of 
transportatior. cost, transport time, and 
economic horizon. Consequently, D,; along 
with NV; and 7/7; is hypothesized to have a 
negative effect on Xij. 

Neighboring countries (A ,;) can be ex- 
pected tc hav2 an additional stimulus to 
trade because of similarity of tastes and 
an awareness of common interests (see 
Balassa (1961, p. 40)). Perhaps more im- 
portant, however, neighboring countries 
are likely to experience significant addi- 
tional amounts of international trade in 


4 Sources of date: Direction of Trade; Distance Be- 
tween Ports; GETA Trade: 1969;International Financial 
Statistics; Nattenal Accounts of OECD Counties; and 
Monthly Buleetin of Statistics. Values of 2 and 1 were 
used for the three dummy variables to indicate the 
presence anc abserce of the given characteristic. A 
mimeographed data appendix is available from the 
author. 
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the form of what are essentially locally 
traded goods, especially where border 
regions are densely populated as in much 
of Europe.’ 

The use of this model permits us to in- 
corporate into the analysis as indepen- 
dent variables the preference area effects 
through the use of dummy variables. 
Dummy variables are used to represent in 
an approximate way phenomena which 
are difficult to measure. The approximate 
nature of the trade preference variables 
means that their measured effect on trade 
flows must in turn be considered approxi- 
mate. On the other hand, there are distinct 
advantages to the use of the cross-sectional 
model. 

First, by estimating the preference effect 
as an independent variable in a multiple 
regression equation one is able to hold 
constant other major variables which 
affect trade, including not only potential 
demand and supply but also to some ex- 
tent the effects of general changes in 
trade liberalization and transportation 
cost. Changes in the latter over time would 
tend to be picked up by the proxy vari- 
ables D;; and 4. (The proxy variables 
themselves, of course, do not change over 
time, but changes in the real variables 


6 Equation (1) represents what Tinbergen has labeled 
a “turnover equation” in which prices are not specified 
(see Linnemann pp. 4, 47 for a detailed discussion of 
this point). Variables which explicitly measure artificial 
trade barriers are also absent from the equation because 
of the overwhelming statistical and methodological 
problems associated with their direct measurement 
(Linnemann, p. 30). The exclusion of these variables 
from the equation could be expected to seriously bias 
the trade preference coefficients only if there were a high 
correlation between the excluded variables and the 
trade preference variables themselves. If a high correla- 
tion existed, however, it would show up in the form of 
significant or near significant trade preference coeffi- 
cients in the preintegration years. Since, as will be seen 
below, the preintegration preference coefficients are 
consistently insignificant, it seems reasonable to assume 
that the preference variables are not highly correlated 
with any important variable that has been excluded 
from the statistical analysis. 
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would be expected to show up as changes 
from year to year in the estimated coeff- 
cients of the proxy variables.) Specifically, 
since the size of the trade-stimulating 
effect of European trade liberalization may 
be expected to vary inversely with dis- 
tance (natural trade resistance) the effect 
of trade liberalization may show up as a 
change over time in the D,; or Ai; coeffi- 
cients or both. 

In addition, the use of a cross-sectional 
model allows the estimation of trade pref- 
erence coefficients for each year in the 
integration period and hence a series of 
parameter estimates can be obtained 
which can then be considered as a whole 
in terms of whether their pattern indicates 
the expected cumulative growth in the 
preference effects. 

The preference parameters can in turn 
be used to estimate the dollar value of 
GTC for each of the two European com- 
munities. Because the estimates for each 


` year are derived from the cross-sectional 


equation for that year, each estimate is 
independent of the others and the estimat- 
ing procedure does not require the use of a 
base year. In fact, the results of the study 
provide information which may be useful 
in determining when the first E ER 
effects on trade occurred. 

Using the trade-preference m T 
to estimate the trade-stimulating effect of 
integration in any postintegration year 
requires one to assume that the size of the 
coefficient is being determined solely by 
the effect of the trade preference and there- 
fore that it is not in part reflecting some 
other special trade relationship which had 
existed in the preintegration period. Con- 
sequently, it will be necessary to test the 
preference coefficients for nonsignificance 
in the preintegration period as well as for 
significance in the postintegration period. 
By calculating the equation for the eight 
years preceding the first tariff reductions 
of the HEC, we were thus able to test for 
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the existence of preintegration preference 
effects. 

The semple from which the equations 
were calculated includes the original seven 
EFTA members plus the five EEC trading 
countries (Belgium-Luxembourg being one 
trading country). The sample thus. con- 
tains 20 trade flows between EEC partners, 
42 trade flows between EFTA partners, 
and 70 trade flows between the members 
of the two trade blocs for a total of 132 
observations per year. The 70 trade flows 
between the two blocs are assumed to con- 
stitute “normal” European trade and it is 
against these normal trade flows that trade 
‘among members of the respective com- 
munities is tested for preferential effects.’ 
Clearly, this assumptien would be invalid 
for any vear in which trade flows between 
the two blocs have, on the average, experi- 
enced significant amounts of TD.’ Previ- 
ous studies, however, have found little or 


A 


§ See Table 3 for a listing of the individual countries. 
Finland was excluded from the sample because its late 
entry into EFTA meant that its inclusion in the sample 
would have made it more difficult.to discern the first 
\EFTA effect on the original members. 

7 The decision to limit the sample only to members of 
the two trading communities may be open to question. 
Ideally, one would prefer to have “normal trade” repre- 
sented by the exports of both EFTA and EEC members 
to countries who are not members of either bloc. Within 
Western Europe, however, only less developed countries 
fall into the nonmember category and the possibility of 
having normal trade represented by trade flows to the 
developed countries outside of Europe was rejected be- 
cause a significant proportion of the observations on 
normal trade would have occupied extremely high 
points on the regression lines with respect to the inde- 
pendent variables, while all intra-EEC and intra-EFTA 
observations would have been in the lower range. It was 
concluded, therefore, that a sample limited to the speci- 
fied European countries would provide the greatest 


opportunity for obtaining bias-free preference coeffi- 


cients in the preintegration years and hence that one 
would obtain the most sensitive measure for identifying 
both the timing and general magnitude of the preference 
effects. The fact that trade flows between the two blocs 
had to be used to represent normal trade precluded the 
introduction of additional dummy variables to measure 
the potential trade diversion effect (TD) of each bloc 
against the other. 

® The existence of TD would lead to an inflated esti- 


mate of GTC since the value of the trade preference. 


coefficients would tend to be increased by an integra- 


= 


DECEMBER 1973 


no net trade diversion by either bloc. But 
rather than rely on the findings of previous 
studies. it was decided to test for the 
existence of TD between the two blocs by 
the fcllowing procedure: The cross-section 
regression results were examined to find 
an appropriate base year free of integra- 
tion effects. The equation for the base 
year was then used to estimate what trade 
would Lave been between the two blocs in 
subsequent years had there been no inte- 


gration in Europe. A comparison of the’ 


projection estimates with actual trade pro- 
vides an estimate of the degree to which 
trade between the two blocs has been 
reduced as a result of trade diversion. The 
projection approach was also used to esti- 
mate gross trade creation within the LEC 
and EFTA as.a further check on the 
dummy variable estimates. Consequently, 
the second part of the statistical analysis 
consists of residual estimates of the dollar 
value of gross trade creation and trade 
diversior., but they are residual estimates 
based on the information provided by the 
regression results as to the timing of the 
first EEC effect on European trade. Fur- 
thermore, the assumption of normal trade 
between the HEC and EFTA should be 


_ considered only as an initial working hy- 


pothesis to be tested against the projection 
estimates before any conclusions are 
reached concerning the general magnitude 
of GTC within the two trading communi- 
ties. 


IJ. Empirical Results 
A. Regresston Resulis 


Table 1 contains the estimated param- 
eter values for the trade flow equation for 
the 17-year period 1951~67. The trade 


tion-caused reduction in the average trade flow between 
the two blecs as well as by an integration-caused in- 
crease in the average trade flow among members. It 
should be noted, however, that while the existence of 
TD could lead to an inflated estimate of GTC, it could 
not result in the finding of a GTC effect where none 
exists since by definition 7D cannot occur unless GTC 
occurs as well. 
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TABLE 1—REGRESSION EQUATIONS FOR EUROPEAN TRADE FLOWS 
Coefficients of Independent Variables* 

Year Constant Dy Y; Y; Ni N; Ae eee PRA R? S.E. 

1951 1.958 —.427 1.137 1.000 —.493 —.476 .480 —.141 053 166 Brae | 
e538 8.81 7.76 3.60 3.48 1.85 46 a3 : 

1952 2.1430 —.499 1,163 .876 —.567 —.350 .490 —.213 —.078 .760 292 
2.84 8.92 6.72 3.99 2.46 1.80 66 Re fe 

1953 2.155 —.509 1.200 .839 —.599 —.350 .515 —.130 —.068 . 769 292 
2.89 9.28 6.49 4.17 2.44 1.89 40 28 

1954 2.052 —.484 1.110 .816 —.482 —.354 .686 —.146 —.11i a799 306 
2.63 8.27 6.08 3.23 2.37 2.40 43 44 

1955 1.915 —.452 1.081 .810 —.463 —.312 .759 —.091 —.098 777 291 
2.58 $8.35 6.26 3.20 2.16 2.80 .28 4 

1956 2.000 -—.476 1.075 1773 —.482 —.276 .742 —.098 —.107 782 284 
2.80 8.54 6.14 3.41 1.96 2.89 „SI .46 

1957 1.900 —.448 1.118 .776 —.505 —.304 .788 —.019 —.136 .779 292 
2.57 8.64 5.99 3.48 2.09 2.89 .06 56 

1958 1.901 — .444 1,069 .740 —.481 —.281 .766 —.008 —.159 .770 291 
2.55 8.18 5.66 3.25 1.90 2.82 .02 66 

1959 1,848 —.449 1.123 .849 —.484 —.396 .758 .204 —.109 802 276 
2.71 8,91 6.74 3.44 2.81 2.94 68 47 

1960 1.617 —.383 1.215 .903 —.578 —.429 .782 .402 —.103 815 213 
2.34 9,65 7.17 4.09 3.04 3.07 1.33 45 

1961 1.617 —.398 1.209 .826 —.551 —.375 .798 475 045 831 257 
2.59 10.30 7.03 4.17 2.84 3.33 1.68 21 

1962 1.562 —.410 1.150 .925 —.474 —.456  .806 .527 .076 846 251 
2.75 0.18 8.18 3.72 3.58 3.45 1.91 36 

1963 1.589 —.440 1.106 .891 —.441 —.376 .789 .580 .172 .854 . 244 

; 3.06 10.03 8.08 3.55 302 3.47 2.17 85 

1964 1.520 —.444 1.120 .959 —.439 —.442 .747 630 326 .870 . 229 
3.28 10.88 931 3.80 383 3.51 2.52 1.73 

1965 1.349 —.392 1.108  .899 —.421 —.396  .828 743 345 .863 232 
2.87 10.62 8.62 3.64 3.42 3.84 2.94 1.81 

1966 1.252 —.389 1.111 .880 —.398 —.354 .825 802 435 871 .225 
2.93 10.88 8.62 3.54 3.15 3.94 3.26 2.52 

1967 1.067 —.349 1.052 911 —.331 —.369 .892 887 572 874 -217 
2.74 10.39 9.00 3.03 3.38 4.41 3.75 3.2I 


a Xij is the dependent variable; all variables are expressed in logs; t-values shown in italics, where 1.66 and 2.36 are 


significant at the .05 and .O1 level, respectively. 


preference coefficients come very close to 
fitting the expected theoretical pattern. In 
all the preintegration years (1951-58) the 
PEC coefficient is not significantly differ- 
ent from zero and even has a negative 
sign.’ In 1959, the first year of integration, 


® Despite the consistent negative sign in the pre- 
integration years there is a small perceptible movement 
in the P®£C coefficient in 1957 and 1958. This small 
movement could be reflecting the effect of any of a 
number of different underlying factors, including the 
French devaluation, the European Coal and Stee] Com- 
munity, or a possible lagged effect of European trade 
liberalization. It seems unlikely, however, that any of 
these factors could have been responsible for the large 
changes in the coefficient which occur during the inte- 


there is a sharp increase in the value of the 
coefficient (at least relative to earlier 
years) as the coefficient becomes positive 


gration period. Since rapid progress was made in the 
liberalization of intra-European trade during the early 
1950s (see Robert Triffin, ch. 5, and the OEEC, pp. 
31-32), one would expect the resulting trade stimulation 
to be reflected in the regression equations during the 
early years of the study period. The A,; coefficient ex- 
hibits a definite increasing trend from 1951 through 
1957 after which it tends to stabilize at around 0.8 
until near the end of the study period where it shows 
another small increase in value. The behavior of the Aij 
coefficient, therefore, is more consistent with the ex- 
pected timing and magnitude of intra-European trade 
liberalization than is the smaller and later preintegra- 
tion movement of the P¥¥¢ coefficient. 
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for the first time. The value of the coeffi- 
cient continues to increase in subsequent 
years, reaching a significance level of .1 in 
1960 and becoming statistically significant 
at the .05 level in 1961. The change in sign 
and large change in value of the P##? 
coefficient (relative to earlier years) from 
1958 to 1959 is consistent with the hypoth- 
esis that the first EEC effect on member 
trade occurred in 1959, but the hypothesis 
of no FEC effect cannot be rejected at the 
standard .05 confidence level until 1961.1° 
In dealing with the methodological issue 
of selecting a base year for making projec- 
tion estimates, however, the appropriate 
methodological question is not whether 
the null hypothesis of no EEC effect can 
be rejected at the .05 level, but rather 
whether or not the hypothesis of no EEC 
effect can be accepted. To make the latter 
decision, the hypothesis to be tested for 
acceptance (i.e., no HEC effect) becomes 
the alternative hypothesis and the hypoth- 
esis that the EEC has had a positive effect 
on trade becomes the equivalent of the 
null hypothesis (i.e., the hypothesis to be 
tested for rejection). Clearly, the positive 
PEEC coefficients for 1959 and 1960 and 
the change in sign and large increase in 
value from 1958 to 1959 do not permit the 
rejection of the hypothesis of a positive 
EEC effect and hence the hypothesis of no 
EEC effect cannot be accepted for those 
years. The year 1958, therefore, consti- 
tutes the last date for which the regression 

-° The standard ¢-test for the significance of the coeffi- 
cient constitutes only part of the statistical evidence 
which should be considered in evaluating the null hy- 
pochesis for 1959 and 1960, since it does not take into 
consideration all the information provided by the total 
-set of yearly regression results. A runs test on the yearly 
sign of the P¥#¢ coefficient for the 17-year period yields 
a probability of .00008 that the sign pattern could have 
occurred by chance. A test of the sign of the yearly 
change in the value of the coefficient, to test whether or 
not the coefficient is changing in a random manner, 
gives P>.97 that the coefficient is changing in a random 
manner for the preintegration period (1951-58), but 


P<.001 (ten consecutive increases) for the integration 
period (1958-67). 
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results allow one to assume that there was 
no EEC effect on member trade." 

The coefficient for the EFTA prefer- 
ence area follows a pattern similar to that 
of the “EC. In the preintegration years 
(1951 throuzh 1959) the coefficient is in- 
significant and in all but the first year it 
carries a negative sign. In 1960, the first 
year of integration, the sign is still nega- 
tive, but since the tariff reductions took 
place in July of that year, there would 
have been very little time for the new 
tariff levels to affect trade flows. The co- 
efficient becomes positive (although it is 
extremely small) in the following year, 
grows slowly through 1963, and becomes 
statisticelly significant (.05 level) in 1964. 
The behavior of the PEFTA coefficient is 
thus consistent with the hypothesis that 
the first EFTA effect on trade took place 
in 1961, clthcugh the null hypothesis of no 
EFTA effect cannot be rejected at the .05 
confidence level until 1964.1? All the other 
estimated perameters in the equations 
have the correct sign and all are signifi- 
cant at at least the .05 level in every year. 


t Studies whick have used a base year beyond 1958 
assume that the EEC could not have affected trade in 
1959 and/or 196C either because the 1959 tariff cuts 
were extended to all GATT members or because of an 
assumed lag in the response of firms to the tariff reduc- 
tions. The 1559 internal tariff cuts of the EEC, however, 
were specifiel in the Treaty of Rome, signed in March 
1957, while the decision to exterd the 1959 tariff reduc- 
tions to non-“EC members was made by the Council of 
Ministers only on Dec. 3, 1958. Furthermore, the exten- 
sion of the 1959 tariff reductions to GA TT members wes 
subject to the important proviso that no tariff would te 
reduced beicw the eventual common external tariff 
(CET) for zhe product. Since the tariffs of Germany 
and the Bene_ux ccuntries were already below the CET, 
the tariff reducticns to other GATT members were 
limited, for the most part, to French and Italian im- 
ports. (See the Tin ee Banks Review.) It is by no, means 
clear, therefore, thet there could not have been an HEC 
effect on member trade as early as 1959 and certainly 
the question 5 not above empirical investigation. 

2 P= 0097 that the sign pattern of the P#F74 co- 
efficient could have occurred by chance. P>.92 that the 
coefficient is changing m a random manner for the pre- 
integration period (1951-59); P<.01 that change is 
random during the integration period. 
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B. Dummy Variable and 
Projection Estimates 


The trade preference coefficients pro- 
vide a measure of the factor by which 
normal trade among members has been 
increased as a result of the formation of 
EEC and EFTA. Estimates of GTC for 
each trading community, therefore, can 
be derived from the coefficients for each 
year of the respective integration periods.¥ 
These estimates are presented and dis- 
cussed: below in conjunction with the 
projection estimates. 

As noted above, 1958 is the last year for 
which it can safely be assumed that there 
was no HEC effect on European trade. 
Accordingly, 1958 was selected as the 
base year for making the projection esti- 
mate of what trade would have been in the 
absence of economic integration. 

In order to make the projections, the 
1958 equation was recalculated leaving 
out the two trade preference variables and 
the following results were obtained: 


(2) log Ai = 1.978 — 487 log Dj; 


(3.76) 
+ 1.062 log Y; + .733 log Y; 
(8.33) (5.75) 
— 459 log N: — .259 log N; 
(3.36) (1.90) 


+ .718 log Ai; + log ei 
(2.84) 


R? = .776 S.E. = .289 


The é-values are all significant above the 
.05 level. 


8 Since raw data values of 1 and 2 were used for the 
dummy preference variables, 267 provides an estimate of 
the factor by which the average trade flow among EEC 
members has been increased as a result of integration. 
Actual intra-EEC trade divided by 261, therefore, yields 
an estimate of what intra-EIC trade would have been 
in the absence of integration. This value in turn, is sub- 
tracted from actual trade to obtain the estimated GTC 
of the LEC for the given year. | 

4 The error term was included in the equation be- 
cause the cross-section residuals tended to be stable 
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Equation (2) cannot account for the 
trade effects of changes in competitive 
position among the countries in the 
sample nor can it account for any gen- 
eral trade liberalization effects which may 
have occurred after 1958. The projection 


' estimates are made, therefore, on the basis 


of the usual assumption that the effect of 
these factors on trade has been small rela- 
tive to the effects of integration. For the 
estimation of GTC, this assumption is 
supported by the regression results of the 
present study, where the pronounced in- 
crease in the trade preference coefficients 
indicates that economic integration pro- 
vided the major impetus for additional 
trade (with the effect of income held con- 
stant) among the respective members of 
the two blocs. For trade between the two 
blocs, however, the model cannot provide 
information as to the general magnitude of 
the TD (or ETC) effect. 

The exponential form of equation (2) 
was used to estimate intra- and inter-EEC 
and EFTA trade and the estimated trade 
values were then subtracted from actual 
trade to obtain the residual estimates of 
the trade effects of the HEC and EFTA. 
Since equation (2) estimates the dollar 
value of trade in 1958 prices, estimated 
trade was multiplied by country 2’s export 


over time. Real GNP in 1958 prices was used to make 
the projection estimates since it provided the best mea- 
sure of how the economic capacity of each country has 
changed relative to the base year. A detailed explana- 
tion of these points is provided in an extended mimeo- 
graphed copy of the paper. 

16 The fact that there was significant dispersion in the 
export price trends of the individual countries within 
each trading community over the projection period (see 
International Financial Statistics, Aug. 1968, p. 30) 
means that the projection estimates for each country 
are likely to be subject to error, but it also means that 
there will be at least some tendency for the errors to 
cancel out in the aggregate results for each community 
as a whole (i.e. not all competitive effect errors will be 
in the same direction).,Consequently, less confidence 
can be placed in the individual country estimates than 
in the aggregate community results. Even in the latter 
case, however, the results should be considered only as 
indications of approximate magnitude. 
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TABLE 2--NET EFFECTS OF INTEGRATION ON BES 


DECEMBER 1973 


AND EFTA TRADE— 


Doumuy VARIABLE AND PROJECTION {STIMATES 
(Millions of Dollars at Current Prices- 


Net EEC Effect on: Net EFTA Effect on: 
EEC Exports* EFTA Exports? EFTA Exports EEC Exports? 

Dummy ; Dumm: f 

Variable Projection Projection Variable Projection Projection 
Year Estimate Estimate® Estimate® Eszimat2¢ Estimate® Estimate® 
1959 1,067 925 50 0: —8 66 
1960 2,468 1,639 31 Of 140 48 
1961 3,284 2,254 67 126 149 — 102 
1962 4,114 3,213 393 222 243 —201 
1963 5,203 4,731 S41 545 389 — 262 
1964 6,388 5,695 202 1,151 573 — 289 
1965 8 , 228 6,941 — Al 1,326 690 — 259 
1966 9,784 8,612 —157 1,773 919 — 205 
1967 11,127 9,189 — 629 2,425 1,264 — 202 


2 Estimates of Gross Trade Creation (GTC). 


b Estimates of the net external trade creation (ETC) or trade diversicn (TV) effect of the EEC on the exports of 


EFTA countries. 


e Estimates of the net TD effect of EFTA on the exports of EEC couatries. 

d Dummy variable estimates of GTC derived from the PEEE and PETA coefEcients reported in Table 1 
e Actual trade in current prices minus trade estimated by equation (2) converted to current prices. 

f Zero values are given for 1959 and 1960 since the PETTA coefficient is negative for those years. 


price index (dollar prices, 1958 base) in 
order to obtain estimates of the effects of 
integration in current prices.!*® The projec- 
tion estimates therefore can be compared 
directly with the dummy variable (DV) 
estimates which reflect the prices of the 
given year for which the regression equa- 
tion was calculated. The projection esti- 
mates for each of the four subgroupings of 
the sample are contained in Table 2 along 
with the DV estimates of GTC. 

Because the economic integration of 
both trading communities has been a 
cumulative process (i.e., internal tariffs 
being reduced by stages over the integra- 
tion periods covered by the study), one 
should expect to find the estimates of 

16 The use of total export price indexes introduces 
error into the results since composition of exports to the 
EEC and EFTA may differ from total export composi- 
tion (although each country’s exports to the respective 


trading communities would, in general, cover a broad 
spectrum of its total commodity exports). 


GTC increasing from year to year with no 
reversals. Both the DV and projection 
estimates of zhe respective communities’ 
effect cn member trade are consistent 
with this expectation. For the HEC, the 
projection estimates are consistently be- 
low the DV estimates, with the gap in- 
creasing at the end of the study period. 
Despite this discrepancy, both estimates 
show a large EEC effect occurring in 1959 
and a strong cumulative growth in the 
yearly values of GTC. For EFTA, both 
estimates also show a cumulative growth 
in GTC, but the DV estimates are below 
(but reascnab_y close to) the projection 
estimates through 1962. Starting in 1963, 


however, the PV estimate is greater, with 


the gap increasing progressively in subse- 
quent years. Even if allowance is made for 
a large margin of error, the results clearly 
indicate that zne GTC of the EEC has 
been substantially greater than that of 
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EFTA. In percentage terms, the projec- 
tion estimate of GTC accounts for 38 per- 
cent of actual intra~-KEC trade (import 
data) and 16 percent of total HEC exports 
in 1967. For EFTA, the projection esti- 
mate of GTC for 1967 accounts for 16 per- 
cent of intra-EFTA trade and only 4 per- 
cent of total EFTA exports. 

In considering the effects of each trad- 
ing community on the other, EFTA could 
only be expected to have a negative effect 
on FEC exports since there was no reduc- 
tion in the external tariffs of EFTA 
countries. Furthermore, the size of the 
TD effect should increase progressively 
throughout the integration period since 
increasing trade discrimination against 
nonmembers would result from the pro- 
gressive reduction in internal tariffs. The 
estimated EFTA effect on EEC exports, 
therefore, is only partially consistent with 
theoretical expectation. The fact that the 
estimated net effect becomes negative in 
1961 (the first full year of integration) and 
the existence of increasing negative values 
through 1964 is consistent with the TD 
hypothesis, while the indicated reduction 
in the size of the TD effect during the last 
three years of the period is not. Dis- 
aggregation of the EFTA effect on EEC 
exports by individual EFTA importing 
country revealed that the decrease in the 
“TD effect” over the specified period was 
accounted for almost entirely by the 
United Kingdom, with the net effect on 
EEC exports increasing from —$38 mil- 
lion in 1963 to $530 million in 1967. Since 
the period 1964-67 coincides with the 
general decline in the U.K. balance of 
trade position culminating in devaluation 
at the end. of 1967, the divergence of the 
U.K. effect can be attributed to the serious 
deterioration of the U.K. competitive 
position. The net effect on EEC exports of 
all EF TA countries other than the. United 
Kingdom over the same period was found 
to be consistent with the expected increas- 
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ing TD effect (the estimated net TD effect 
increased progressively from ~$223 mil-. 
lion in 1963 to —$731 in 1967). 

Because of the reductions in external 
tariffs by the original high tariff EEC 
countries (i.e. France and Italy), both 
ETC and TD are theoretically possible 
effects of the EEC on EFTA trade. The 
TD effect would be expected to dominate 
eventually, however, since the reduction 
of internal tariffs toward zero would even- 
tually result in trade discrimination 
against nonmembers, even in the markets 
of the original high tariff countries. The 
estimates of the net EEC effect on EFTA, 
therefore, are not inconsistent with theo- 
retical expectation, since they show a gen- 
eral increasing net ETC effect through 
1963,7 followed by the emergence of a 
growing net TD effect over the last three 
years of the period. 

Finally, the fact that TD is dominating 
trade between the two communities over 
the latter years of the period explains the 
growing divergence between the DV and 
projection estimates for these years. It can 
be concluded, therefore, that the DV esti- 
mates are definitely inflated for the years | 
1965-67 and possibly for earlier years as 
well. Hence, the DV -estimates must be 
rejected in favor of the projection esti- 
mates for at least the last three years of 
the period. 


C. Individual Country Estimates 


Having found that the results for the 
two trading communities as a whole are 
consistent with. theoretical expectation, 
we now proceed to the question of whether 
the expected results hold for each of the | 
individual countries in the sample for the 


7 Disaggregation of the HEC effect by original high 
and low tariff ZEC countries provided additional sup- 
port for the ETC hypothesis since the results showed 
that the increasing ETC effect for the period 1959-63 
was entirely accounted for by the original high tariff 
EEC countries. . 
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TABLE 3—Net Errect or EEC anb EFTA on 1967 
TRADE CF INDIVIDUAL COUNTRIES—-PROJECTION 
ESTIMATES 


(Millions of Dollars at Current Prices) 


Net EEC Net EFTA 
- Exporting Country Effect Effect 
Belgium-Lux. 1649 — 39 
France 2170 379 
Germany 2473 — 390 
Italy 1958 260 
Netherlands ' -939 —412 
Total EEC 9189 —202 
Austria —123 234 
Denmarx —350 \ 144 
Norway — 30 211 
Portugal — 42 107 
Sweden — 100 397 
Switzerlend —229 173 
United Kingdom 245 — 2 
Total EFTA — 629 1264 


last year of the study period.’® This 
represents a more stringent test of the 
GTC and TD hypotheses, since there is 
less opportunity for errors caused by 
competitive effects to cancel out in the 
estimates for the individual countries 
than there is in the aggregated community 
results. Table 3 contains the individual 
country projection estimates for- 1967. 
Because of the possibility of error, inter- 
country comparisons in the size of the esti- 
mated effects should be avoided. The 
results should be viewed primarily in 
terms of whether or not they are con- 
sistent with the GTC, TD, or ETC hy- 
potheses.’? With the exception of the 
small negative value for the United King- 
dom, the estimated effects of the EEC and 

FTA on the trade of the respective mem- 
ber countries are all positive and hence 
consistent with the expected GTC effect. 


18 Copies of individual country estimates for earlier 
years are available from the author. 

n Because of the large magnitude of the difference 
in STC estimates between the respective members of 
the two communities, it is possible to conclude that the 
GTC of each EZC member has been greater than the 
GTC of any EFTA member. 
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(Again, the discrepancy for the United King- 
dom can be attributed to the deterioration 
of the J.K. competitive position.) ?° 

The estimated net EEC effect on the 
individual EFTA countries indicates that 
all EFTA countries other than the United 
Kingcom were experiencing net TD as of 
1967. 

Disaggregation of the 1967 EFTA 
country estimates by original high and low 
tariff EC countries showed that the high 
tariff cointries accounted for $238 million 
of the zotal EEC effect on the United 
Kingdora and hence the positive effect for 
the United Kingdom can be attributed to 
ETC.” Swecen ($82 million) and Switzer- 
land ($7 million) also showed evidence of 
an ETC effect by the high tarif EEC 
countries, but it was more than offset by 
a much larger TD effect from tke low 
tariff coantries.2? Consequently, tae re- 
sults indicate that while TD was the domi- 
nant effect of the EEC towards EFTA in 
1967, the three major industrial countries 
of EFTA continued to benefit from ETC 
in the Franch-Italian market. 

The estimated EFTA effect on EEC 
countries shows positive values for both 
France and Italy which are contrary to 
theoreticel expectation, since only a TD 
effect could be expected.” While it is pos- 


20 The estinated HEC effect on each of the five mem- 
ber countries was positive for all years of the period 
1959-67 and the estimated EFTA effect on each of the 
seven member countries was consistently positive after 
1962 with the exception of the United Kingdom in 1967. 

2 While ETC by France and Italy explains virtually 
all of the positive 7K, value for 1967, the fact remains 
that there is 10 evider:ce of a net TD effect by the low 
tariff EEC countries against the United Kingdom as of 
1967. (This was true for earlier years as well.) This find- 
ing is surpris ng in view of the fact that TD and the 
worsening U.K. competitive position should beth be 
operating to produce a negative effect. 

2 A net TD 2ffect by both high and low tariff HEC 


countries prevailed in the case of the four remaining— 


less industriaLzsd—countries of EFTA. 

% The net efect cf all EFTA countries other than the 
United Kingdom was as follows: Belgium-Luxem bourg 
(131), Franze (230), Germany (— 539), Italy 1125), 
Netherlands (—416). Consequently, while the removal 
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sible that these two countries experienced 
only minimal TD by EFTA, one certainly 
cannot rule out the possibility that the 
estimates may have been largely influ- 
enced by competitive effects. Conse- 
quently, while the net effect of EFTA on 
the EEC as a whole is consistent with the 
TD hypothesis, there are sufficient dis- 
crepancies among the individual country 
estimates to temper this conclusion with 
reservation. 


III. Summary and Conclusion 


The empirical findings of the study were 
found to be generally consistent with the 
expectations of customs union theory. The 
results showed that both the EEC and 
EFTA have experienced a cumulative 
growth in GTC over their respective inte- 
gration periods, with the GTC of the EEC 
being substantially greater than the GTC 
of EFTA. The projection estimates for 
1967 placed the size of the GTC effect for 
the HEC and EFTA at approximately 
$9.2 billion and $1.3 billion, respectively. 
The estimated effect of EFTA on the EEC 
as a whole showed a consistent TD effect 
for the period 1961-67, but there were two 
positive deviations from the expected 
negative effects of EFTA on the exports of 
the five individual HEC countries. The 
EEC was found to have had a net ETC 
effect on EFTA through 1964, but this 
was replaced by a growing net 7D effect 
from 1965 through 1967. The estimated 
effects of the HEC on both member- 


country trade and EFTA-country exports _ 


were found to be consistent with theoret- 
ical expectation. 

The regression results of the study 
yielded the important methodological con- 
clusion that 1958 is the last year for which 
it can safely be assumed that European 


of the United Kingdom from the -EFTA effect moves 
the estimates more in line with the TD hypothesis, 
positive values still remain for France and Italy. 
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trade was unaffected by the formation of 
the EEC. This finding, in turn, suggests 
that an underestimation of the EEC effect 
on member trade could result if a base year 
beyond 1958 is used to represent normal 
preintegration trade. | 
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Black-White Differences in 
Returns to Schooling 


By Fints WELCH” 


Investments in schooling in the United 
States have earned high returns in the 
aggregate, but at the same time estimated 
returns to blacks have been low. This 
paper updates previous estimates, showing 
that underlying the low averages reported 
for cross-sections of the black population 
there is a strong upward drift. Returns to 
blacks schooled in the 1920’s and 1930’s 
were so low that relative to whites, black 
income fell as school completion levels 
rose. Recent evidence shows, on the other 
hand, that returns, as a fraction of earn- 
ings, for blacks schooled in the 1950’s and 
1960’s exceed returns to whites. These 
estimates imply that income gains that 
were earlier realized by whites as average 
educational levels increased are now being 
realized by blacks. l 


` I. Earlier Estimates 


In 1967, I observed that to a southern 
rural black, schooling was a poor invest- 
ment, “A non-white with no schooling will 
receive 81 percent of the income of ia 
similar white. Yet, for non-whites, school 
attendance increases income at a rate 
which is only 28 percent of the correspond- 
ing increases for whites” (p. 235). This 
estimate was based on the 1960 Census 
for earnings in 1959. Relative earnings of 


* University of California, Los Angeles and the Rand 
Corporation. This research is supported by a grant from 
the U.S. Office of Economic Opportunity to the Na- 
tional Bureau of Economic Research. I am indebted to 
Iva Maclennan, Steve Rose and Hy Sanders for valu- 
able assistance and I am also grateful to Barry Chis- 
wick, Victor Fuchs, Thomas Johnson, William Landes, 
Jacob Mincer, Melvin Reder, and Lewis Solmon for 
comments on an earlier draft. 
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around &0 percent for blacks ‘with no 
schooling, fall to less than 50 percent for 
college graduates. Using the same data, 
Giora Hanoch observed that “.. . inter- 
nal rates of return for Non-whites are gen- 


erally low and relatively erratic...” (p. 


325), and William Landes estimated that 
outside the South, schooling returned only 
about 20 percent as much to nonwhites as 
to whites. 

These are three of several income studies 
showing similarly pessimistic results, that 
the educational route to economic and 
social mobility was apparently closed to 
blacks. More recently this cloud of pessi- 
mism has been expanded to hover over 
quality of schooling as well. Christopher 
Jencks and his coauthors argue that 
family background factors dominate mea- 
sures of academic achievement, leaving 
little room for attributes of schools to 
have an effect. And in any case, measured 
academic achievement (as distinguished 
from years of attendance) has little effect 
upon earnings. That this link between 
school traits and income is twice filtered 
through the screen of measured achieve- 
ment seems not to matter. This, even 
though Herbert Gintis, one of Jencks’ 
coauthors, has argued that existing 
achievement tests are capable of explain- 
ing only between 10 and 20 percent of the 
observed earning power of schooling. The 
view offered here is no more direct than 
that of Jencks. I simply compare very 
broad trends in school characteristics to 
trends in the return to schooling. It seems, 
on the basis of this comparison, that there 
may be an important relationship between 


— 
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schooling quality and income, or at least 
the possibility that such a relation exists 
should not be dismissed without further 
research. 

In reference to the early estimates, I 
think we erred by not considering the full 
implications of secular changes in school- 
ing quality. The estimates are based on 
observations around 1960, and at that 
time the majority of the black adult popu- 
lation -would have been in school in the 
decades of the 1920’s and 1930’s. During 
those periods, blacks attended school only 
about two-thirds as many days as whites. 
Furthermore, approximately one-third of 
all black students enrolled in public ele- 
mentary and secondary schools in the 
segregated South were enrolled in the frst 
grade. There were typically more than 
twice as many first as second graders— 
suggesting that retardation rates exceeded 
100 percent, i.e., the average black pupil 
spent something more than two years in 
the first grade. Also, southern schools 
spent a little more than three times as 
much on white as on black pupils. In this 
context, it should not be surprising that 
schooling contributed much less to black 
than to white income. Given the substan- 
tial improvement in the relative quality of 
the schools attended by blacks in the past 
few decades, it should not be surprising 
that vis-à-vis the return to schooling, 
young blacks—more recent graduates— 
fare better in comparison to whites. And 
that, pure and simple, is what the data 
show. 


II. A Reexamination 


In this paper, the contributions of 
schooling tc earnings are compared be- 
tween blacks and whites for two bodies of 
data. The frst is the 1 in 1000 sample 
from the 1960 Census and the second is 


1 Lewis Solmon has recent evidence linking college 
traits to earnings. Also, the work of Frank Stafford and 
George Johnson is relevant. 
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the Sarvey of Economic Opportunity 
(SEO} Census income refers to earnings 
in 1959, and SEO refers to 1966 earnings. 
Compsrison is restricted to urban males 
(Negra or white) who are not in the mili- 
tary, are not enrolled in school, and are 
not wo-king without earnings. In the sub- 
samples drawn, the Census contains 14,918 
whites and 1,749 Negroes and SEO con- 
tains 6,379 whites and 3,442 Negroes.” The 
SEO deta are potentially the richer source 
for making black-white earning compari- 
sons because the sampling procedure in- 
sured a -arger proportion of blacks. The 
SEO increased the percentage of blacks 
by adding to a national random sample of 
about 30,000 individuals, a companion 
sample including about 20,000 persons 
from “poverty” areas. It is unfortunate 
that stretification was based upon an 
income correlate, for this carries the poten- 
tial of introducing biases via “creaming” 
of the eccromic successes.’ 

The pcint of departure for the income 
comparisons is the stratification of the 
individua. observations by race and an 
estimate of the time of entry into the labor 


2 The Census contained observations for 56,732 males 
between {4and 70 years of age who, if they reported a 
positive number oi weeks worked, reported positive 
earnings. OZ these, 40,065 were eliminated: 6,835 were 
rural; 26,9€2 either had “negative” work experience, 
were in school, or had more than 25 years experience; 
169 worked without pay; and 529 were neither Negro 
nor white, the remainder were either in the Armed 
Forces, reco-:ted positive earnings for zero weeks 
worked, or zŁere was missing information on working 
class. The “EC sample of males 14 to 70 years con- 
tained 28,552 persons. Of these, 18,231 were elim- 
inated: 378 were in the armed forces; 6,000 had rural 
residence; 19,392 had either negative experience, were 
in school, or nad experience in excess of 32 years; 31 
worked without pay or were missing information on 
working class an additional 230 had race other than 
Negro or wlice; others eliminated had inconsistencies 
between earrings and weeks worked. 

4 As schooing increases income, it increases the prob- 
ability that an individual will rot be in the sample. 
Thus, as schocling increases, we observe increasing pro- 
portions of thcse who are “losers” relative to the norm, 
and systemetically understate the increase in “‘ex- 
pected” incom associated with schooling. 
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force. This estimate was expressed as years 
of work experience.4 The Census experi- 
ence classes are 1—4, 5-12, and 13-25 years. 
These workers would have entered the 
labor force approximately between 1955- 
58, 1947-54, and 1934-46, respectively. 
Their schooling would presumably have 
occurred in the years prior to entry into 
the workforce. The SEO sample is con- 
formably partitioned into experience 
classes of 1-3, 4-7, 8-11, 12-19, and 20~32 
years. Since SHO refers to 1966 income, 
the last three classes correspond to the 
1959 Census cohorts. The first two classes 
represent entry into the labor market be- 
tween 1963-65 and 1959-62, respectively. 

The estimated earnings equations are of 
the form: 


(1) log Y = ap + aS + alog W + ZY 
+ a4F + a,SF +u 


Observations are of individuals and vari- 
ables are defined as follows: 

1) Log Y is the natural logarithm of 
annual earnings when earnings are posi- 
tive; it is set equal to zero when earnings 
are zero. 

2) S refers to years of school com- 
pleted. The coefficient estimate, 4d, is 
thus an estimate of the proportional in- 
crease in earnings associated with an extra 
year of schooling (when other independent 
variables are held constant). | 

3) Log W is the natural logarithm of 
weeks worked in the year for which earn- 
ings are reported. The coefficient â, esti- 


í In accordance with Hanoch, I assume the following 
ages of entry into the labor market: 


YearsofSchool 0-7 8 9-11 12 13-15 16 17+ 
Completed 
Age at First 14 16 18 20 23 26 28 
Year Out of 


School 


Experience is simply defined as current age less the esti- 
mated age at leaving school. 
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mates the elasticity of earnings with re- 
spect to time worked. 

4) ZY isa dummy variable that takes 
the value one when earnings are zero, and 
is zero otherwise.’ 

5) F is a dummy variable that equals 
one if the individual is a federal employee 
and zero otherwise. 

6) SF is a measure of the federal gov- 
ernment’s share of the industry in which 
the individual is employed. The share is 
equal to one for federal employees. 


Thus (é.+4s) estimates the percentage 
increase in earnings associated with direct 
federal employment (as opposed to work- 
ing in the private nongovernmental sec- 


` tor), and 4; estimates the percentage in- 


crease in income associated with indirect 
federal employment. In a period of civil 
rights activism one might expect the 
earliest effects to appear for federal em- 
ployees and in private firms in which the 
government has the most obvious control. 
These variables are included to try to 
identify such effects. 

Regression estimates appear in Tables 6 
and 7 and are summarized here. 


5 The coefficient d; is the negative predicted value of 
the average log of earnings for those who have no earn- 
ings. The prediction is the weighted sum of the mean 
levels of the other independent variables weighted by 
the regression coefficients. In principle, the coefficients 
on other independent variables are smaller, in absolute 
value, than they would be if the regression were re- 
stricted to those observations with positive earnings. 
The relationship between the coefficients reported here 
and those obtained in regressions restricted to positive 
incomes is straightforward: First, partition total vari- 
ance of the 7th independent variable into variance about 
the group (those with and without income) means and 
variance within each group about its mean. Let f; repre- 
sent the fraction of within-group variance attributable 
to those who have income. Then é;=/,5; where 4; refers 
to regression coefficients reported here and 6, refers to 
coefficients obtained from restricting the sample to per- 
sons with positive income. For the constant or intercept 
term, the weeks worked, and the government employ- 
ment variables, a constant is assigned when earnings 
are zero and for these variables f;=1. Therefore the 
schooling coefficient is the only parameter estimate that 
is affected by introducing the zero earnings dummy. 
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The return to schooling is broken into 
two components, a direct and an indirect 
effect. Empirically we observe that not 
only do persons with more schooling re- 
ceive higher wages per unit of time spent 
on the job but, in addition, these persons 
devote more time to their jobs: they work 
more hours per week and more weeks per 
year. 

The direct wage effect is measured by 4). 
It estimates the percentage increment in 
annual earning associated with an extra 
year of schooling holding weeks worked and 
the probability of zero earnings constant. It 
is this component of the return to school- 
ing which is most closely linked to produc- 
tivity and therefore is most obviously 
affected by trends in quality of schooling. 
When education received in a school year 
is of higher quality, the coefficient is ex- 
pected to be higher.® This coefficient (plus 
one) is the relative wage of a person with 
an extra year of schocling, and can be 
taken in a competitive market as an esti- 
mate of the marginal rate of substitution 
of a worker with given schooling for a 
worker with an extra year. As such, it is 
sensitive to factor proportions and in the 
aggregate may fall as average schooling 
levels rise. 

The second component in measuring the 
earnings gain from schooling is the com- 
pounding of earning differentials that 
result from comovement between wage 
rates and time devoted to work. Here the 
indirect effect refers to percentage incre- 
ments in earnings related to the increased 
number of weeks worked and the reduced 
probability of having zero earnings that 
are associated with increased schooling. 
This effect is measured as: 


6 As an example, define education as the product, 
quantity times quality of schooling. In the model, log 
W=ao-+oak, where W is the hourly wage and £ is edu- 
cation. Since E=QS, quality times quantity of school- 
ing, the percentage return to quantity is a0. 
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(2) as 23 
dS |E dS iz 
The terms 
dlog W | dZ Y 
and ——— 
dS E dS |g 





are auxiliary regression coefficients on 
schooling holding experience constant. 
Two auxiliary regressions are estimated, 
one in which the dependent variable is 
log W so that the coefficient is the propor- 
tional increase in weeks worked associated 
with an added year of schooling. In the 
other the dependent variable is the ZY 
dummy and the schooling coefficient is an 
estimate of the change in the probability 
of having zero earnings associated with an 
extra year of schooling. These coefficients 
are reported in Tables 6 and 7 with esti- 
mates of the earnings equation. For com- 
puting variances of estimates, these auxil- 
iary coe‘icients are treated as constant. 

A complete specification of factors de- 
termininz the indirect return of schooling 
is beyond the scope of this paper, but I 
will note a few of the more obvious possi- 
bilities. First. if unemployment is involun- 
tary, the auxiliary relation between time 
worked end schooling may refer to sta- 
tistical screening of. employees. Schooling 
reduces job search time. Insofar as this 
phenomenon is important, we expect a 
contracyclicai component in the indirect 
return. In a period like 1959 of relatively 
high unemployment, the impact of in- 
voluntary unemployment is greatest for 
the less schcoled. We also expect this 
auxiliary correlation between schooling 
and time worked to attenuate over the 
working career as better measures of 
worker quality emerge. The second alter- 
native is that the auxiliary relation be- 
tween work end schooling (the indirect 
effect) is simply a labor supply response 
to the direct or wage rate effect (see 
C. M. Lindsay}. 
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TABLE 1—PROPORTIONAL INCREMENT IN INCOME ASSOCIATED WITH 
ONE ADDITIONAL YEAR OF SCHOOLING® 


White 
\ Experience 
Class Total Direct 
Census (1959) 
1-4 208 .095 
5-12 134 081 
13-25 .099 .064 
SEO (1966) 
1-3 306 . 146 
4-7 191 . 106 
8-11 . 149 082 
12-19 143 .Q90 
20-32 .110 .069 


Black 
Indirect Total Direct Indirect 
-111i -317 .079 2al 
-052 .149 .065 .077 
.035 ,059 .040 O15 
157 519 230 289 
084 ’ 256 142 111 
067 192 .079 109 
053 130 .062 065 
041 056 .049 042 


s Standard Errors are not reported, but were typically small relative to the coefficients. 
For total returns, ż-ratios ranged between 5.2 and 33.0, between 14.6 and 32.0 for direct 
returns, and for indirect returns, between 2.3 and 11.7 for whites and 1.8 to 5.0 for blacks. 


If the supply of labor is positively 
sloped, we then expect the direct effect, 
which captures the wage increment, to be 
positively related to the indirect effect, 
which embodies the resultant work re- 
sponse.” 

Table 1 reports estimates of the total, 
direct, and indirect returns to schooling. 
The sum of the direct and indirect effects 
is not constrained to equal the total effect, 
because a provision for federal employ- 
ment is also included. The covariances 
between federal employment and schooling 
are consistently positive, both for blacks 
and whites, but the contribution to the 
return to schooling is numerically trivial 
even though it occasionally is “statistically 
significant.” 

Several patterns in these coefficients 


1 In fact, if there is no involuntary unemployment 
and if schooling is competitively purchased such that 
there is no income or wealth effect, the ratio of the 
indirect to the direct effect is an estimate of the substitu- 
tion component in the labor supply function. The in- 
direct effect is the time worked response to the wage 
change accompanying increased schooling so that the 
ratio of this to the wage response to schooling gives an 
estimate of the rate time at work responds to wage 
increments. 


reported in Table 1 are of interest. The 
most obvious is the attenuation in the 
cross-section of both direct and indirect 
returns as experience increases or as “vin- 
tage” decreases. In 1959, a year of fairly 
high unemployment, the indirect effects 
actually exceed the direct effects at lower 
levels of work experience, although the 
pattern quickly reverses itself as experi- 
ence increases. Further, the share of the 
indirect in the total effect is larger for. 
blacks than for whites. This adds support 
to the hypothesis of involuntary unem- 
ployment, with the heavier burden falling 
upon blacks and upon persons with little 
experience, 1.e., persons for whom the 
years of school completed represents an 
important part of the information avail- 
able for assessing productivity. 

In the 1959 data, the evidence is that 
for persons with 1-4 years of experience, 
black earnings rise relative to white earn- 
ings as school completion levels increase. 
This point has not been previously noted. 
For perscns with 5-12 years of experience, 
the black/white earning ratio is insensi- 
tive to schooling and for persons with 
13-25 years of experience relative earnings 
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of blacks fall as schooling increases. 

The 1966 data presents patterns that 
are generally similar to those found for 
1959. At low levels of experience, the 
black/white earning ratio rises with 
schooling, but at higher levels of experi- 
ence, the opposite is true. Interestingly 
enough the share of the indirect in the 
total return to schooling is similar between 
blacks and whites in the relatively tight 
labor market that prevailed in 1966. 

Because the indirect effect is likely to 
contain important life cycle and business 
cycle influences, a comparison of the effects 
of secular trends in the relative quality of 
black schooling is more safely founded in 
comparisons of direct effects alone. 

The first panel of Table 2 presents t- 
statistics for black-white differences in 
the direct return to schooling in 1959 and 
1966 within experience classes. Panel II 
zives f-statistics for the black and white 
cohorts for differences in direct returns 
between 1959 and 1966. These statistics 
simply confirm what is obvious in Table 1. 
For those with 1-4 years of experience in 
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1959 or 8-11 years in 1966 there is no sig- 
nifican: black-white difference. As experi- 
ence extends to encompass persons who 
entered the labor force before the mid- 
1950’s, the difference cumulates becoming 
“‘signitizantly’’ higher for whites especially 
in the 13-25 and 20-32 experience classes. 
But, foz persons entering the workforce in 
the 1959's the evidence is that returns are 
significently greater for blacks. That is, 
viewed as @ proportional contribution to 
earnings, schooling yields more to blacks 
than whites when comparisons are re- 
stricted to recent vintages. The earlier 
vintage comparisons yield the opposite 
conclusion. 

That this effect is primarily one of vin- 
tage—not « life cycle effect in which 
schooling iritially offers more to blacks 
but quickly peters out—is evidenced in the 
cohort comparisons. Of six comparisons, 
the direct rezurns to schooling are remark- 
ably sirnilar in a numeric sense, and statis- 
tically they change significantly in only 
one case of six as the cohorts add seven - 
years of experience. More generally, the 


TABLE 2—STUDENT /-STATISTICS FOR COMPARISONS OT DIFFERENCES IN DIRECT 
RETURNS TO SCHOOLING 


I. Black-white differences (coefficient difference relative to standard error). 








‘Census (1959) SEO (1966) 
a 1-3 -}11.83 
— 4-7 -+2.37 
14 —0.69 8-11 —C.39 
5-12 —1.74 12-19 —3.47 
13-25 —3.81 20-32 —3.45 
If. Cohort differences 1959-1966. 
Approxi- 
mate Year Black White 
of Entry 
into Direct Schooling t-ratio on Direct Scaooling i-ratio on 
Labor Coefficient Coefficient Cozffident Coefficient 
Force 1959 1966 Difference 1959 1966 Difference 
1955-58 .079 .078 ,CGE . 082 +1.96 - 
1947-54 .065 .062 O81 .090 — 1.86 
193446 .040 049 —4.15 C64 .C'69 —1.39 
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twelve equations in which the six cohort 
comparisons are based were ‘‘stacked”’ into 
a single regression equation for which it is 
possible to jointly impose the constraints 
of cohort equality for the schooling coeffi- 
cients in 1959 and 1966. The computed 
F(6;24,705)-statistic on this constraint is 
1.73 with a 0.05 critical level of 2.10. 

This is not to say that there are no life 
cycle effects associated with the return to 
schooling,® but if such effects exist they 
are swamped in these data by the general 
“tightening” of the labor market that 
occurred between 1959 and 1966. To sum- 
marize, the evidence is that, viewed as a 
proportional contribution to earnings, 
returns to schooling have increased for 
blacks relative to whites. For those enter- 
ing the workforce in the 1930’s and early 
1940’s (who were schooled over the ten to 
fifteen years preceding entry to the mar- 
ket), returns for blacks were significantly 
less than for whites. Yet the opposite is 
true for those entering the labor market in 
the 1960’s. Furthermore, in the cohort 
comparison this return does not attenuate 
as experience increases. Since rapid at- 
tenuation occurs in each cross-section, 
the implication is that vintage is an impor- 
tant explanation. This interpretation is 
also presented by Leonard Weiss and Jef- 
frey G. Williamson in a separate analysis 
of the SEO data.’ 


8 In fact, at very low levels of work experience there 
is good reason to expect a life cycle component in the 
direct return as well as in the indirect return. Bear in 
mind that an extra year of schooling, experience con- 
stant, implies that age also increases by one year. In 
fact, in the estimates used here, the age of entry into the 
labor market rises something more than a year with an 
added year of schooling. At relatively young ages this 
maturation effect, included in the return to schooling, 
may be important. 

9 Tt is not clear that a distinction between life cycle 
and vintage effects is possible using a single cross-sec- 
tion. Weiss and Williamson observed that over the age 
interval, 20-49 years, and within the schooling interval, 
8-12 years, the percentage increment in earnings from 
schooling falls as age increases. This is not true for per- 
sons who have attended college nor is it true of those 
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This vintage effect could be interpreted 
as changes in labor market conditions with 
changing attitudes toward discrimination. 
Suppose that the labor market is such that 
a person’s career profile is largely deter- 
mined by conditions that exist at the time 
he enters the workforce, and that “taste 
for discrimination” has been falling over 
time. This would predict the improving 
relative position of blacks, but would not 
explain the obvious vintage effect for 
whites. As an alternative, consider the 
effects of quality of schooling. The evi- 
dence is that real inputs into predomi- 
nantly white schools have increased 
through time and that black schools have 
improved relative to white schools. This is 
sufficient to explain the observations re- 
ported in Tables 1 and 2. Given this possi- 
bility, turn to evidence of schooling’s 
quality. | 


III. Schools for Blacks 


Until we are more knowledgeable about 
the technology of learning and about 
exactly what it is that schools produce 
that allow more schooled persons to earn 
more, comparisons of schooling quality 
will be superficial at best. Nonetheless, we 
do have fragmentary evidence that both 
in terms of the facilities schools offer to 
students and in terms of measured achieve- 
ment, blacks are gaining relative to 
whites. This is not to say that we have 
achieved parity, but only that trends are 
in the “right” direction. 
who are 50 years old or over. Weiss and Williamson pur- 
port to test the impact of inferior southern schooling by 
using the variable for residence at age 16 that is avail- 
able in SEO. Unfortunately, they did not allow interac- 
tion between schooling and this early residence variable, 
so that the marginal value of schooling is assumed inde- 
pendent of location. This formulation is then not a test 
of quality. In fact, given the evidence of trends through 
time presented here, I would argue that the appropriate 
test concerning quality of schooling involves interaction 
between vintage, early residence, and schooling. The 
introduction of dummy variables for early residence 


does not adequately specify the role of schooling’s 
quality. l 
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In Table 3, summary statistics are 
offered for segregated southern schools for 
selected years between 1919-20 and 1953- 
54. With the Supreme Court decision of 
1954, the publication by the federal gov- 
‘ernment of segregated school system sta- 
tistics stopped. It is difficult to say how 
seriously these comparisons should be 
taken. Clearly, not all blacks attended 
school in the South. Less clearly, the rela- 
tive quality of school offerings may have 
been better outside the South. Nonethe- 
- less, the data of Table 3 indicate a very 
strong upward trend in virtually every 
measure of schooling quality I could find, 
and it is this trend I want-to stress. 
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The change that may have been of 
greatest importance, in terms of total 
learning in this century, has been the con- 
vergence in the length of school terms be- 
tween urban and rural areas and between 
the South end other parts of the country. 
Because blacks were concentrated in the 
rural South prior to World War II, they 
may have been penalized most by the 
shorter school terms, and may ‘have’ 
gained most by the general trend to 
equality of zhe term. As is indicated in the 
third row cf Panel I, in 1919-20, blacks 
attended school only two-thirds as many 
days each year as did whites. Differences 
in days ettended were more the result of 


TABLE 3—COMPARISON OF TRENDS IN ENROLLMENT, ATTENDANC2, AND EXPENDITURES FOR SEGREGATED 
Necro PUBLIC ELEMENTARY AND SECONDARY SCHOOLS IN THE SOUTHERN UNITED STATES TO 
TRENDS FOR ALL SCHOOLS, 1919-54 





Characteristic: 


1919-20 1929-30 ` 1939-40 1949-50 1953-54 
I. School Term and Attendance 
1, Average number of days schools were in session 
a) Negro Schools 119 132 156 173 . 177 
b) All schools | 162 ` 173 175 178 179 
2. Percent of pupils enrolled in average daily attendance 
a) Negro Schools ; , 67.3 72.1 . 80.4 - 85.3 85.1 
' b) All Schools 74.8 82.8 86.7 _ 88.7 88.9 
3, Average days attended per pupil enrolled l 
a) Negro Schools 80 97 125 148 151 
b) All Schools E igk 143 152 158 159 
II. Enrollment and Grade Level 
4. Percent of pupils in public elementary and secondary school who are enro ‘Jed in the first grade 
a} Negro Schools 36.8 34.4 26.0 19.5 16.5 
2 b) All Schools 22.9 . 16.2 11.9 12.6 12.7 
5. Percent of pupils in public elementary and secondary schools who ar2 enrolled in secondary school 
a) Negro Schools ; 10.8 14.1 16.2 
b) All Schools i 10.2 16.1 26.6 22.7 24.8 
3 l III. Salaries and Instructional Expense 
€. Average salary per member of instructional staff l 
a) Negro Schools — —_ F 3 601 $2143 $2861 . 
b) Soutkern White Schools — — 104€ = 3384 
- €) All Schools $871 1420 1441 3010 3825 
7. Current expenditure per pupil in average daily attendance . 
a) Negro Schools - — 15e 19 — 110> 
b) Southern White Schools o> 49a 59 n == 181? 
c) All Schools — 87 88 209 265 





Source: Various issues‘of Biennial Survey of Education, David Blose. 


® Refers to 1931-32 instead of 1929-30. 
b Instructional expenses only. 
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differences in the length of the schoal term 
than in attendance rates. By 1953-54, 
black-white differences in days attended 
had virtually disappeared. The over- 
whelming difference between black and 
white schools in the 1920’s and 1930’s was 
in the composition of enrollment. In this 
period, typically one-third of all black 
elementary and secondary school pupils 
were enrolled in the first grade. Retarda- 
tion rates appear to have been phenome- 
nal in both the first years of elementary 
and secondary school. For example, prior 
to 1940 there were consistently more than 
twice as many black pupils enrolled in the 
first as in the second grade, and about one 
and one-half as many in the first as in the 
second year of high school. Since school 
enrollment was increasing at only 1 or 2 
percent per year, the bulk of this dis- 
crepancy is retardation between grades 
one and two, and in high school it is a 
combination of retardation and “dropping 
out,” 19 

By 1953-54, the ratio of first to second 
graders had fallen to 1.45 and the number 


in the first year of high school, relative to 


the second, had fallen to 1.30. Another 
important trend in the composition of en- 
rollment was the rapid increase in the pro- 
portion attending secondary schocl. In 
1919-20, only 1.6 percent of all black 
pupils in public schools were enrolled in 
high schools (in comparison to 10.2 per- 
cent of white pupils). By 1953-54 this pro- 
portion increases to 16.2 percent. 
Expenditures on the black schools ap- 
pear to have lagged behind the increases in 
attendance, enrollment, and the reduc- 
tions in retardataion, but the trend be- 
between 1940 and 1954 is impressive. 
Teacher salaries increased from a relative 
level of 57.5 percent of the salaries of 
southern white teachers to 85.0 percent in 


10 Since there were always more students enrolled in 
the first year of high school than in the last year of grade 
school, the evidence is for retardation. 
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the later year. Similarly, expenditures rose 
from 31 percent of southern white levels 
in 1931-32 to 61 percent in 1953-54. Per- 
haps the levels of relative expenditures- 
were a social crime at the time of the segre- 
gation decision, but the trend had been 
upward and had apparently accelerated 
after the beginning of World War IT. And 
it is this upward trend that is an outstand- 
ing candidate for explaining the substan- 
tial trend in the value of schooling to 
blacks in comparison to whites. Recall 
that those in the experience class 13-25 
years in 1959 would have last attended 
school between 1924 and 1945. Maybe the 
question of why returns were so low should 
have been reversed: If expenditures by 
school systems are the norm, then the rela- 
tive value of black schooling is only 
slightly less than expected. 

There is scattered evidence that the 
southern story of separate but unequal 
schools was partly true of the North— 
slightly less separate and slightly less un- 
equal. Harold Baron offered some evidence 
for Chicago in 1961, 1963, and 1966. He 
argues that in 1961 there were significant 
differences in expenditures within the 
city’s educational system which favored 
white students. By 1966, this expenditure 
difference had disappeared. 

The Board of Education in New York 
City annually gives nationally standard- 
ized reading tests to third, sixth, and 
eighth grade pupils, and school average 
scores are available. Table 4 summarizes 
estimates of black-white differentials for 
selected years between 1957 and 1969. The 
technique used for measuring these dif- 
ferences is based upon the identification of 
de facto segregated schools, since only 
school averages, not individual scores, are 
available. Once again, the story of reading 
score differentials is pretty much the same 
as for income differences and for the segre- 
gated southern schools of an earlier period. 

Viewed in absolute terms, there are very 
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TABLE 4—-COMPARISON OF BLAcK-WHITE READING 
SCORE DIFFERENTIALS BY GRADE LEVEL; 
De Facto SEGREGATED NEW YORK City 
SCHOOLS, SELECTED YEARS, 1957-69» 


Grade in Which Test 
was Administered 
Third Sixth 
Norm (National Average) 3.5 6.5 
New Yerk City Schools: 
1957 
Black 2.67 4.88 
White 4.07 7.81 
1960 
' Black . 2.87 5.22 
White 4.14 8.10 
1965 
Black 3.19 5.67 
White 4.53 8.13 
1969 
Black 3.31 5.38 
White 4.37 7.60 


Source: The Board of Education of New York City, un- 
published data. 

® These data are weighted averages of school reading 
score averages within each class. Third and sixth grade 
scores refer to elementary schools. The scores are nor- 
malized to allow for year-to-year variation in the time 
the test is administered. The criterion for selecting 
schools for these computations varied from year-to- 
year as data availability permitted. 

Black Schools: The object was to select a mocest 
number of reasonably large schools with the largest 
proportions of black students. The third grade data 
refer to from 21 to 28 schools, each having 700 or more 
pupils with at least 90 percent black. The sixth grade 
data are for the same schools, except that in 1965 and 
1969 only eleven of these elementary schools had sixth 
grades. 

White Schools: The number of elementary schools 
ranged between 23 and 27 with enrollment exceeding 
£00, at least $7 percent white. 


large black-white differentials, and these 
differences compound as years completed 
increase. Whatever forces result in dif- 
ferences by the third grade appear to con- 
tinue to operate at the sixth grade. The 
important evidence of Table 4 lies in the 
trend between 1957 and 1969. For third 
graders, a 1.40 years reading deficit eroded 
to 1.06. In twelve years, black third 
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graders in New York City improved an 
average of .64 years in reading achieve- 
ment This is reason for optimism. The 
reduction in the deficit for the sixth grade 
is a .ittle more ambiguous. The deficit 
falls “rom 2.93 years to 2.22—a larger 
absolute improvement, but about the 
same fraction (25 percent) of the original 
deficit as for third graders. Certainly the 
gain for blecks from 4.88 to 5.38 is impor- 
tant, nut tne norm is 6.5, and the deficit 
remains large. Notice that children in the 
sixth zrade in the spring of 1969 would 
have entered school no later than fall of 
1963, and would therefore have missed the 
Headstart Programs. Also, given the rapid 
rise in black school completion levels, the 
average education levels of parents of 
black taird graders in 1969 would have 
exceeded the average schooling of parents 
of black sixth graders so that these incre- 
ments may refer more to changes in home 
than ir school environment. For purposes 
of this analysis the important point is that 
the “krowledge” associated with given 
school sompletion is rising for blacks rela- 
tive ta whites. The question of why these 
changes occur is not relevant. 

The fragments of evidence tell a con- 
sistent story. Schools for blacks may be 
inferior zo those for whites and much im- 
provement is still in order, but the record 
is underiable. Improvement has occurred. 


IV. Earnings and Returns to Schooling 


Table 5 reports averaze earnings and the 
associated earning increment from a single 
year of schooling, estimated from the 
earning equation when schooling is held 
constan: at 12 years. 

From 1959 to 1966 the black /white earn- 
ings rat.c increased by 0.12 and 0.13 for 
the two ‘ess experienced cohorts and by 
0.23 in żà2 third cohort. This suggests that 
much ol the gain over this seven-year 
period may b> serendipity of the business 
cycle, subject to erosion as labor mar- 
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TABLE 5—-EsTIMATED AVERAGE ANNUAL EARNINGS AND THE VALUE OF AN EXTRA 
YEAR OF SCHOOLING BY RACE AND EXPERIENCE* S 


(Schooling= 12 years) 


Annual Earnings 


Return to Schooling (direct 
component only) 


Experience ~- 
Class: Black White Black/White Black White Black/White 
Census (1959) 
1-4 $1500 $2620 57 $120 $250 Al 
5-12 2510 4700 53 160 380 43 
13-25 2360 5830 „4i 90 370 25 
SEO (1969) 
1-3 2830 3160 .90 650 460 1.41 
4-7 3880 5024 Py ir 550 530 1.03 
8-11 4160 5968 .70 330 490 67 
12-19 4420 6800 65 270 610 45 
20-32 4300 6690 64 210 460 46 


2 Average income is predicted from the regression equations of Tables 6 and 7. Where 
an auxiliary structure is estimated between schooling, S, and another independent vari- 
able, x, the mean level of that variable is adjusted to S=12, according to #(s—12) 
= £-+6(12—5), where b is the auxiliary regression coefficient. Mean income is estimated 
as the antilog of the predicted mean log of earnings plus one-half of the residual variance. 
The variance adjustment results from an assumption that the residuals are lognormal 
and increases the income predictions by 15 to 30 percent. The estimated return to school- 
ing is the schooling coefficient (the direct return) times estimated mean income at 12 


years of schooling. 


ket conditions weaken. It seems reasonable 
to predict that had the 1966 observations 
occurred alongside the 1959 labor market, 
the earning ratios would decline to their 
1959 levels. If so, then instead of relative 
earnings between .77 and .90 for those 
beginning work in the 1960’s, the ratios 
would have been something like .64-.77. 
Although vintage effects appear to be 
pushing toward earnings parity, the gap 
remains large. 

Variables for direct and indirect govern- 
mental employment were added to the re- 
gression equations to try to disentangle 
the effects of activities of the federal gov- 
ernment on relative black earnings.’ The 
results are that, although these vari- 
ables are statistically significant, 
total effect, allowing for employment 
shares, is numerically small. Direct gov- 
ernmental employment increased average 
black earnings relative to the white aver- 
age by 1 to 2 percent in both 1959 and 


the 


1966, and the effects of indirect govern- 
mental employment are similar. Blacks 
who work for the government (directly or 
indirectly) gain relative to whites, but the 
proportions so employed are small encugh 
that the total effect remains small. None- 
theless, since the earning differential be- 
tween private and governmental employ- 
ment is large for blacks, there is an appar- 
ent incentive to acquire these jobs. 


V. Summary 


This paper is an empirical attempt to 
identify some of the structural compo- 
nents of the observed rapid rise in the > 
relative earnings of blacks. in the United 
States between 1959 and 1966. It is clear 
that much of the gain is associated with 
tightening labor markets: In 1959 white 
high school graduates in all experience 
classes worked 15 to 20 percent more 
‘weeks’ than blacks whereas the dis- 
crepancy fell to about 2 percent in 1966. 
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But, even though this cyclic component is 
important in accounting for the rise in 
relative earnings, there is also a vintage 
effect to be considered. In comparison to 
whites, blacks who have entered the work- 
force in recent periods fare better than 
earlier entrants. 

Part of this gain results from a conver- 
gence oi school completion levels. For 
example in the Census, blacks with 1-4 
years of experience averaged 11.1 years of 
schooling as compared to a white average 
of 12.8. Yet for those with 13-25 years of 
experience, the black average was 8.8 
years and 11.4 for whites. Clearly part of 
the gain in relative earnings of younger 
blacks comes from this relative increase 
in average school completion, but a more 
important part of the gain comes from the 
combined effect of increased schooling and 
an increased return to schooling. For 
example, based upon the direct returns to 
schooling (holding constant weeks worked 
and the probability of zero earnings) for 
the cohort with 13-25 years work experi- 
ence in 1959, the rise in black average 
school completion would have resulted in 
an increase in earnings of 9.2 percent, and 
taking the increase in white schooling into 
account, relative earnings would have in- 
creased by only 0.2 percent. Yet based 
upon the direct returns realized for the 
cohort with 1-4 years of experience, the 
increase in black earnings resulting from 
` increased average schooling would have 
been 18.2 percent and earnings, relative 
to whites, would have risen by 5.0 per- 
cent. 

Clearly, the complete picture of relative 
black earnings cannot be obtained from a 
reference to quality of schooling, but ex- 
amination of the data suggests that 
schooling quality is important. For both 
blacks and whites, the cross-sectional evi- 
dence is that the proportional contribution 
of schooling to annual earnings declines 
sharply as experience increases, or, since 
these are cross-sections, as vintage de- 
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creases. Yet in comparing six cohorts 
(three experience classes for blacks and 
whites separately) this attenuation does 
not occur in the seven-year interval be- 
tween 1959 and 1966. The direct return to 
schooling is remarkably constant over this 
period, suggesting that the experience- 
vintage effect of the cross-section is really 
only a vintage effect: More recent entrants 
into ths werkforce enjoy higher returns to 
schooling than do those persons schooled 
in an earlier period. Further, this upward 
trend is stronger for blacks, such that the 
percentage contribution of schooling to 
earnings is larger than for whites in com- 
paring Dersons who entered the labor force 
in the -960’s but is significantly lower for 
those who entered in 1930's and 1940’s. 

To zet a feel for the underpinnings of 
this change, I turn to a comparison of 
black-white cifferences in statistics of 
schools. There, the data are clear: Through 
time the relative quality of black school- 
ing has risen rapidly. In the segregated 
South there were important differences in 
enrollm2nt, attendance, and expenditure 
patterns at the time of the 1954 desegre- 
gatior. decision, but these differences are 
dwarfed in comparison to those of the 
1920’s and 1930’s. Since 1954, partial evi- 
dence of continuing convergence in school- 
ing quality is offered by referring to a 
study of the Chicago schools that found 
black-waite expenditure differences van- 
ishing by 1966. For New York City 
schools, reading score data for de facto 
segregated schools indicate that about 
one-third of the discrepancies existing in 
1957 had disappeared by 1969, 

There are, of course, many alternative 
explanations for the vintage effects of ris- 
ing relative black income: a downward 
drift in market discrimination being the 
simplest and most obvious. It seems rea- 
sonable to expect that whatever social, 
political, and judicial forces allowed con- 
vergence in offerings to black and white 
students alsa heve allowed convergence in 
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offerings to black and white workers. The 
role of alternative hypothesis is con- 
founded because-most would not be exclu- 
sive of the quality phenomenon, but would 
be supplementary. to it. It would be help- 
ful to be able to identify the partial 
effects of the several forces that have been 
operative, but I doubt that available data 
are capable of such fine distinction. Cer- 
tainly the data reported here are not. 

In behalf of the quality of schooling 
hypothesis let me summarize the trends 
revealed here with which alternatives 
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must contend. First, not only have rela- 
tive black incomes increased but the gain 
has been greatest for higher school com- 
pletion levels. Second the phenomena of 
rising returns to schooling is not only true 
in comparing black relative to white in- 
comes but holds within the races as well: 
Young blacks fare better in comparison 
to young whites than do older blacks in 
comparison to older whites and schooling 
contains more of an income boost for 
young blacks and young whites than for 
older generations of their own races. 


TABLE 6-—REGRESSION RESULTS 


(Except in auxiliary regressions, the dependent variable is the natural log of annual earnings)° 


Census 1959: Black 





SEO 1966: Black 


Experience Class 1-4 5-12 13-25 1-3 4-7 8-il 12-19 20-32 
Years of Schooling .079 .065 040 230 142 .078 .062 049 
(.023)  ¢.009)  (.006) (.020) (.014) (.009) (.007)  (.005) 

Log of Weeks Worked 1.158 1.335 1.157 .910 833 1.053 1.083 1.305 
(.097)  (.069)  (.055) (.103)  (.119  (.127)  (.127)  (.078) 

„143 040 .009 .090 024 .027 .016 „012 

Zero Earnings —3.039 —2.635 —3.556 —5.467 —6.227 —6.101 —6.116 —5.740 
(.387)  (.289)  (.218) (.234) (.279)  (.268) (.264)  (.163) 

— .021 — .009 — .001 — ,038 — .015 — .013 — .008 005 

Federal Employee —1.653 — .509 — .481 — 638 — .031 — .451 — .508 — .651 
(.786) (.316)  (.227) (.525) (.352) (..206) (.194) (.157) 

.019 „017 .013 .007 .015 .022 .015 .016 

Federal Share of Industry* 1,804 . 793 .823 326 161 628 758 .959 
(.797)  (.316)  (.225) (506) (.332) (.198) (.186)  (.158) 

022 O19 O13 O15 O17 024 O15 016 

Experience? 133 185 028 683 031 — .581 — .090 .012 
(.263)  (.108)  (.055) (.390)  (.369) (.449) (141) (064) 

Experience Squared — .018 — .009 — .001 — 156 — .001 .032 .003 — .000 
(.051)  (¢.006) (.001) (.097) (.034) (.024) (.005) (.001) 

Intercept Residual Variance 2.040 1.119 2.903 2.944 4.829 8.067 6.203 5.146 
„531 .420 .327 .676 .487 .246 339 337 

R? .895 . 882 .924 .891 853 .916 891 913 


\ 
e Government purchases in industry relative to GNP originating in industry. 


b Experience is operationally defined in fn. 4. 


e For each variable, either 2 or 3 numbers are reported. The first is the regression comeet the second (in paren- 
theses} is the standard error. When a third number appears, it is a coefficient from an auxiliary regression of this 
variable on schooling, other independent variables held constant. 
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' TABLE 7—REGRESSION RESULTS 


(Except in auxiliary regressions, the dependent variable is the natural /og of annual earnings)* 








aut 








Census 1959; White SEO 1966: White 
Experience Class 1-4 5-12 13-25 1-3 4-7 8-11 12-19 20-32 
Years of Schooling 095 081 064 146 . 106 . 082 .090 069 
l (.004)  (.002)  (.002) (.010;  <.006) (.005) (.004)  (.003) 
Log of Weeks Worked 1.314 1.299 1.395 BB 982 „693 1.149 1.256 
(.034)  (.030}  {.024) (.073})  (.085) (.080)  (.071)  (.058) 
. 066 . 030 .020 052 .026 021 .015 010 
Zero Earnings —2.858 —3.252 —3.141  —6.019 —6.275 —7.151 —6.411 —6.338 
(.149)  (.130)  í.103) (.203) ¢€.206) (191) (161)  (.124) 
— .008 — .004 — .002 — .017 — .099 — .007 — .006 — .004 
Federal Employee — .618 — .323 — 316 — .422 — .462 — .231 — .247 — .324 
(,117)  (.065)  (.050) (.272) (.160) (.137) (.100)  (.081) 
.004 .003 .005 _ -003 006 .007 . 603 005 
Federal Share of Industry* „465 „231 245 „624 459 331 . 236 323 
i (.096)  (.054)  (.045) (.230)  (:135) (.109)  (.087)  (.073) 
.008 005 .005 „006 .007 .007 .006 .006 
Experience? .009 .073 .029 ABE 154 — .502 075 027 
E (.066)  (.028)  (.018) (.26€)  (.198)  (.301)  (.082)  (.042) 
Experience Squared .008 — .002 — .001 — .08 — .0ií .029 — .002 — .001 
(.013)  (.002) (.001) (.06€) <.018) (016) (.003)  (.001) 
Intercept 1.825 2.045 2.160 4.284 4.919 8.559 4,939 5,405 
Residual Variance 328 256 210 484 282 215 . 246 293 


R . 866 833 835 . 859 850 876 877 -896 


a Government purchases in industry relative to GNP originating in industry. 

b Experience is operationally defined in fn 4. 

¢ For each variable, either 2 or 3 numbers are reported. The first is the regression coefficient, the second (in paren- 
theses) is the standard error. When a third number appears, it is a coefficient from an auxiliary regression of this vari- 
able on schooling, other independent variables held constant. 
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The Friedman-Meiselman CMC Paper: 
New Evidence on an Old Controversy 


By WILLIAM POOLE AND ELINDA B. F. KORNBLITH* 


In 1963 Milton Friedman and David 
Meiselman published a paper for the Com- 
mission on Money and Credit, in which 
they attempt to test the relative predictive 
power of Keynesian and monetary theories 
of business fluctuations. Their methods 
and conclusions were sharply disputed in 
papers by Donald Hester (1964a), Albert 
Ando and Franco Modigliani (1965a), and 
Michael DePrano and Thomas Mayer 
(1965a).! Our purpose is to review this con- 
troversy. Our method is the simple one of 
first replicating the studies over the 
original sample periods and then examin- 
ing the postsample performance of the 
competing equations. 

On a sociological level there can be little 
doubt that this controversy was, and con- 
tinues to be, enormously valuable. Many 
economists have been stimulated to work 
on the questions disputed by the mone- 
tarist and Keynesian combatants, and it 
is probably correct to argue that two 
models of the U.S. economy—the St. Louis 
Federal Reserve and the FRB-MIT- 
PENN models—are a direct outgrowth of 
the controversy. What has been missing 
from this continuing controversy, how- 
ever, is an ex post evaluation of the earlier 
empirical work. In Section I we present an 
evaluation of the equations offered by 

* Senior economist, Board of Governors of the Fed- 
eral Reserve System, and graduate student, University 
of Rochester, respectively. Barbara McFadden pro- 
vided programming assistance. We are, of course, solely 
responsible far the analysis and conclusions of this 
paper. 

1 The following abbreviations will be used in the re- 
mainder of this paper—F-M: Friedman-Meiselman; 
H: Hester; A-M: Ando-Modigliani; D-M: DePrano- 
Mayer; A-J: Andersen-Jordan. 
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F-M, H, A-M, and D-M. This section also 
incluces an evaluation of the reduced-form 
model estimated by Leonall Andersen and 
Jerry Jordan (A-J). In Section II we ap- 
praise the significance of the results. 


I. Evaluation of Equations 


The purpose of this section is to measure 
the performance of the equations offered 
by F-M, H, A-M, and D-M in the 1959-70 
period, which is beyond the period origi- 
nally used for estimation. As a check on 
the postsample results, we have also looked 
at the A-J equation. Although F-M em- 
phasizec the importance of using the long- 
est possible historical period to test the 
rival theories, the subsequent papers by H, 
A-M, and D-M relied primarily on annual 
data from the 1929-58 period.’ The data 
have been revised since the original studies 
were published, and we first reestimated 
all of the ecuations over 1929-58 period 
using data available in late 1971.5 Our esti- 


2 We nave ccncentrated on equations using syn- 
chronous variables end annual data in current dollars 
since the octiginal controversy centered on these equa- 
tions. However, there is a brief discussion of the A-J 
equation which uses quarterly data. 

3 The source cf national income accounts data for 
1929-63 is The National Income and Product Accounts 
of the United States, 1929-1965, Statistical Table, the 
sources for 1964-70 are the July issues of the Surv. 
Curr. Bus. for 1958, 1969, 1970, and 1971. A few minor 
items not reported in these sources were obtained from 
the Department of Commerce. The source of money 
supply daze for 1947-70 is “Revision of the Money 
Stock,” Ped. Rer. Bull, Dec. 1970, pp. 895-98; the 
source of the monev supply data for 1929-46 is Fried- 
man and Scawartz, Table 1A, pp. 704-33, linked to the 
Federal Reserve series by an analysis of the two series 
over the 1547—60 period during which they overlap. 
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mates are very similar to those reported in 
the original papers.‘ 

We have used a definition of M, that in- 
cludes large certificates of deposits (CD)in 
spite of the fact that the definition in gen- 
eral use today excludes large CD’s. The 
reason for this choice is that neither F-M 
nor any of the others argued at the time of 
the original controversy that large CD’s 
should be excluded. At that time the argu- 
ment was over the appropriate definition 
of the autonomous expenditures variable. 
Nor was there any discussion that the 
empirical definitions of any of the variables 
should be revised over time according to 
considerations spelled out ex ante. It would 
be impossible to perform an unbiased post- 
sample test of the competing. regression 
equations were we to permit changes in the 
definitions of the variables or in the form 
of the regressions. In fact, it turns out that 
excluding large CD’s from the definition of 
M. would reduce the postsample predic- 
tive performance of the M; equation of- 
fered by F-M by increasing the amount of 


underprediction. 


In addition to estimates using Ms as the 


definition of the money stock, we have 


nena 


H 


added estimates using M, since the rapid 
growth of large CD’s since 1959 may have 
changed the significance of M, (defined 


either including or excluding large CD’s).. 


The growth of CD’s affects the postestima- 
tion performance of the equation using M», 
but not the parameter estimates of the 
equation since CD growth occurred after 
the 1929-58 period of estimation. We have 
not examined an M, definition excluding 
large CD’s. 


A. Regression Results Comparing Money 
and Autonomous Expenditures 


By our count, twelve directly competing 
regressions using annual data were offered 
4 Hester did not report regression coefficients in his 


paper and so we have not been able to compare our es- 
timates with his. 
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by F-M, H, A-M, and D-M to test the 
Keynesian and quantity theories, and we 
have added one more using the M, defini- 
tion of money as a part of our evaluation 
of the controversy. Except for one multiple 
regression using the variables XA and ZA 
(defined below), all of the regressions use 
one independent variable. In every case, 
consumption expenditures in current dol- 
lars is the dependent variable. The defini- 
tions of the independent variables are as 
follows? 


M,= Currency plus demand deposits ad- 
justed at all commercial banks 
M= Currency plus demand deposits ad- 
justed plus time deposits at all 
commercial banks 
A= Net private investment plus total 
government deficit on income and 
product account plus net foreign 
balance 
ZA = Net private investment other than 
in inventories plus total govern- 
ment purchases plus exports 
XA=WNet interest paid by government 
minus property tax portion of in- 
direct business taxes plus govern- 
ment transfers other than unem- 
ployment benefits plus subsidies 
less current surplus of government 
enterprises minus statistical dis- 
crepancy minus excess of wage ac- 
cruals over disbursements 
A*=ZA plus XA 
A**= Net private investment other than 
in inventories plus federal govern- 
ment purchases plus exports 
A***= Gross private investment other 
than in inventories plus federal 
government purchases plus exports 
L=Net private investment plus total 
government purchases plus net ex- 
ports 
5 The definitions in this list are used by the following 
authors: Friedman-Meiselman, Mz, 4; Ando-Modig- 


liani, ZA, XA, A*; DePrano-Mayer, A**, A***; and 
Hester: L, 2°, L”, L". 


~ 
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L’ = Gross private investment plus to- 
tal government purchases plus ex- 
ports i 

L” = Gross private investment plus to- 
tal government purchases plus net 
exports 

L= Gross private investment other 
than in inventories plus total gov- 
ernment purchases plus exports. 


The postsample performance of the re- 
gressions (excluding the A-J equation 
which is discussed later) is analyzed in 
Table 1. In the table column headings, Ac 
refers to the actual, and P the predicted 
level of consumption, S is the standard 
deviation, and 7 is the correlation coeff- 
cient between actual and predicted. The 
mean square error of prediction is decom- 
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posed into three components, (Ac— P)?, 
(Sac—Sp)?, and 2(1—r)S4.Sp. The first 
component measures the extent to which 
the mean square error is due to squared 
bias, tie scond is the error due to the 
squared difference between the actual and 
predicted standard deviations, and the 
third is the error due to the lack of correla- 
tion between the actual and predicted ob- 
servations (weighted by their standard 
deviations). For convenience, the table | 
also reports the root mean square error, as 
well as the bias (Ac— P). 

Using the criterion of root mean square 
error of prediction and the equations in- 
cluding the war years, the F-M entry M 
finished sixth in a field of twelve entries, 
not counting M, which was not in the 


TABLE {—AccURACY OF CONSUMPTION PREDICTIONS, 1959-70 FROM REGRESSIONS ESTIMATED 1929-58 
(billions of current dollars, 


Independent Root Mean Mean Square 


' Variable(s) Square Error Error 


A. Estimation 1929-58 


(Ac—F)? 


My 161.8 26171.4 
E Mz 47.4 2250.8 
Á 198.1 39256.6 
XA 107.2 11496.2 
ZA 46.5 2160.7 
XARZA 59.1 3487 .3 
A* 28.8 826.9 
A** 121.2 14695.8 
A 74.3 5520.3 
L 60.0 3594.3 
L' 19.8 390.7 
L” 28.9 832.5 
p” 22.5 505.9 
B. Estimation 1929-58 excluding 1942-46 
M 150.6 22681.2 
M 37.9 1435.5 
A 134.0 17965. 4 
XA 126.1 15893 .6 
ZA 20.2 407 .6 
XA&ZA 28.7 825.9 
A* 18.2 330.3 
AT? 76.6 5874.3 
ATE 43.8 1920.6 
L 28.6 816.8 
L 11.3 127.0 
L” 11.7 136.8 
p” 11.0 120.0 


‘Sae~Sp)? 2U1—r)SaSp  Ac—P 

22460.8 3676.5 34.2 149.9 
2156.2 17.8 76.8 46.4 
35070 .0 2751.0 1435.7 187.3 
3710.7 6826.1 959.3 — 60.9 
2100.3 0.6 59.8 45.8 
976.5 2266.9 243 .9 21.2 
662.4 116.4 48.1 29.7 
13549,9 1040.9 105.0 116.4 
5095.6 367.7 57.1 71.4 
3338.4 107.3 148.6 57.8 
308.7 21.0 61.0 17.6 
734.7 5.8 92.0 27.1 
447.3 20.9 37.6 21.2 
191090.8 3545.2 35.2 138.2 
1350.4 7.1 78.1 36.7 
14792.0 1169.3 2004.2 121.6 
6582.9 8306.3 1004.5 -81.1 
304.6 39.5 64.1 17.4 
117.7 638.3 69.8 — {0.9 
2.& 276.8 50.7 Ley 
§287 .6 464.7 122.0 72.7 
1704.6 154.1 61.9 41.3 
648.1 7.2 161.6 25.5 
0.4 63.6 63.0 0.6 
36.7 3.9 96.2 6.í 
4.3 75.6 39.2 2.0 
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original field. Since the A-M entries are a 
multiple regression on XA and ZA, and a 
simple regression on A* (which is the sum 
of XA and ZA), the field might logically 
be defined to exclude the two regressions 
using XA and ZA separately. Also, the 
autonomous entry A was defined by F-M 
and universally branded by their critics 
as a poor bet even before the race was run. 
Excluding Mı, XA, ZA, and A from the 
race, M, finished fifth out of nine. The 
winner of the derby is L’, one of the four 
autonomous variables defined by Hester. 

If the performance of equations esti- 
mated excluding the war years 1942-46 is 
examined, the same general conclusions 
hold. Excluding the war years improves 
the performance of every equation except 
the one using XA. Excluding Mı, XA, ZA, 
and A, and using estimates based on the 
1929-58 period excluding the war years, 
M, runs seventh out of nine, and L’” is 
now the winner. 

The most obvious difficulty with the per- 
formance of these equations is their almost 
universal underprediction as can be seen 
from the Jast column of Table 1 which gives 
the bias. Several possible explanations for 
this bias come to mind. 

Consistent with the monetarist view 
would seem to be an explanation going 
somewhat as follows. The regression of 
consumption on M, was meant to account 
for long-run effects. Since no effort was 
made to account for the dynamics of ad- 
justment, it is not surprising that there are 
long strings of residuals of the same sign. 
If the war years are included in the period 
of estimation, the residual in 1958 was 
about $29 billion. Beyond the period of 
estimation, the residuals rise to $51 billion 
in 1960, and then decline to $35 billion in 
1967. In addition, it might be argued that 
the large residual of $71 billion in 1970 is a 
consequence of the interest rate ceilings on 
both CD’s and passbook time accounts, 
and that these ceilings were at least partly 
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responsible for the residuals 1965-69 as 
well. Since interest ceilings were not really 
binding during the 1929-58 estimation 
period but were partially effective during 
much of the 1959-70 period, the M: of 
1959-70 is simply not the same variable as 
the M: of 1929-58. 

Another possible argument is that the 
war years distort the M, results because 
the equation was not estimated over a long 
enough time period. Excluding the years 
1942-46 improves the performance of Me 
in the 1959-70 period both by increasing 
the constant term in the equation from 
— 0.954 to 2.294, and by increasing the M, 
coefficient slightly from 1.304 to 1.325. If 
this process is carried even further by ex- 
cluding 1942-49 from the estimation pe- 
riod, the constant drops slightly to 1.905 
but the M.: coefficient rises to 1.367, further 
improving the predictions 1959-70. These 
predictions, not reported in this paper, 
still have a substantial bias but the root 
mean square error is lower. These coeffi- 
cient estimates may be compared to the 
F-M estimates (reported in their Commis- 
sion on Money and Credit paper) of 
— 1.198 and 1.351 for the constant and M: 
coefficient, respectively, using observa- 
tions 1929-58, and 7.812 and 1.315, respec- 
tively, using observations 1897-1958. Us- 
ing the longer time span raises the con- 
stant, but clearly not by enough to elim- 
inate the bias in predictions 1959-70. From 
this examination of the coefficients it would 
appear that the monetarist explanation of 
the bias would have to rely primarily on 
the interest ceilings argument since ac- 
ceptance of the long lags argument ap- 
parently has the unsatisfactory implication 
of acceptance of a model with substantial 
prediction errors in the same direction for — 
at least a decade.’ 


€ Another possible explanation is that the income 
elasticity of the demand for money is slightly below 
unity. In equations of the type estimated by F-M, the 
income elasticity differs from unity only by virtue of the 
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Many economists would no doubt argue 
that the underprediction using M, (or My) 
alone is the result of the failure to take 
account of the interest elasticity of the 
demand for money. Interest rates did, of 
course, rise substantially during the post- 
sample period. This explanation requires 
that the single equation approach be 
_ abandoned since at least one additional 
équation is required to explain the interest 
rate. 

The Keynesian explanation of the bias 
would probably go as follows. First, H, 
A-M, and D-M all argued in their original 
papers that the war years should be ex- 
cluded from the estimation period, and so 
the significant improvement in the predic- 
tions from excluding the war years should 
not surprise these authors. But even with 
the war years excluded from the estimation 
period, the Keynesian equations generally 
underpredicted 1959-70. 

The explanation that immediately comes 
to mind for the underpredictions of the 
Keynesian equations is their failure to in- 
clude taxes. It may be recalled that the 
F-M definition of autonomous expendi- 
tures, A, included the federal budget defi- 
cit whereas H, A-M, and D-M all made a 
special point of rejecting this aspect of the 
¥-M definition on the grounds that tax 
revenues were clearly induced rather than 
autonomous. While H, A-M, and D-M 
might well have included a variable such 
as full employment revenues in the defini- 
tions of their autonomous variables, none 
of them in fact did so, and so none of them 
took any account of income tax rates or 


constant term, which in the estimates is in any event 
very close to zero, and so the income elasticity ap- 
proaches unity as the constant term becomes of smaller 
relative importance with the passage of time. A log- 
arithmic formulation, on the other hand, has a con- 
szant elasticity which might well be estimated to be less 
than unity. Although not directly relevant to the My, 
definition of money, it is suggestive that there is some 
evidence that the income elasticity of demand for Mi 
is about 0.85 {see Poole (1970)). 
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of the revenues produced by income taxes.’ 
The urderprediction of the Keynesian 
equations in the 1960’s could be the result 
of the Kennedy and Johnson Administra- 
tions’ tax cits in the form of the reduc- 
tions in personal and corporate income tax 
rates, libera_ized depreciation, and the in- 
vestment tax credit. 


B. Multiple Regression Resulis Using 
Money and Autonomous Expenditures 


Table 2 gives, except for the first line, 
the mulziple regression coefficients for Af. 
with eazh of the various definitions of 
autonomous expenditures excluding XA 
and ZA. For ease of comparison, the first 
line of the table gives the regression sta- 
tistics for tae simple regression of con- 
sumption on Ms. Comparing the multiple 
regressions with the simple regression, it 
can be seen that in every case except two 
the addition of an autonomous expendi- 
tures veriabl2 lowers the coefficient for Mo. 
The twc exceptions are for A and A** 
when tae war years are included in the 
estimation period. 

These two exceptions are the only cases 
in which the autonomous spending vari- 
able has a n2gative regression coefficient. 
For the variable A, this finding merely 
replicates the F-M finding of a negative 
coefficient for the 1929-58 period, a finding 
later confirmed by Meiselman, p. 17, for 
the 1961-67 period. But the regression 
coefficients for the other autonomous ex- 
penditures veriables are not negative. 

As can be seen from the last column of 
Table 2, the multiple regressions produce 
better predictions 1959-70 than the simple 
regression using Ms alone for every defini- 
tion of eutonomous expenditures except 
for A, A**, and A*** for the estimation 
period exclucing the war years. For the 
multiple regressions, it is again true that 
the major problem is underprediction. 


7 The A-J paper (discussed below) did include tests 
involving ful employment expenditures and revenues. 
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TABLE 2—MULTIPLE REGRESSIONS 1929-58 AND THEIR PREDICTIVE POWER, 1959-70 
(The dependent variable is consumption expenditures) 
(billions of current dollars) 


Autonomous M» 
Variable Constant 


A. Estimation 1929-58 


— —1.0 1.3 
A —4.0 1:5 
A* 4.1 1.1 
A** —3.2 1.4 
AS 1.2 1.2 
L 0.0 1.3 
L 5.7 0.9 
L” 4.2 1.0 
i Sez 0.9 
B, Estimation 1929-58 excluding 1942-46 : 
—_— 2.3 1.3 
A 2.9 1.3 
A* 31.7 0.3 
A** 21.3 0.7 
A*** 22.0 0.5 
L 20.5 0.6 
y 18.3 0.5 
L” 19.1 0.5 
p” 19.1 0.5 


The_dyed-in-the-wool Keynesian might 
interpret the multiple regression results as 
indicating that the inclusion of money in 
the analysis merely worsens the predic- 
tions since the root mean square error of 
prediction does not always decline when 
| Ms is added to the regression. We would 
© not, however, accept this conclusion be- 
cause, first, the addition of Ma does reduce 
prediction errors for most definitions of 
autonomous expenditures and, second, 
even within the single equation context 
the multiple regression model appears to 
be misspecified. The difficulty is that in the 
formulation used by F-M the addition of 
an autonomous expenditures variable to 
the regression of consumption on money 
pushes the regression coefficient on money 
down to an improbably low value. An Me 
coefficient of 0.5, for example, implies that 
if the autonomous variable is held constant 
the ratio of consumption to money will 


Coefficient 


Autonomous Root Mean 
Variable Standard Square Error 
Coefficient R? Error 1959-70 

— .946 18.8 47.4 
—1.0 .954 17.2 33.3 
i 0.3 .946 18.7 40.6 
—0.2 .945 18.9 44.7 
0.2 945 18.9 47.3 
0.1 .944 19.1 46.8 
0.4 954 17.4 32.7 
0.4 .950 18.1 37.9 
0.4 953 17.5 34.0 
— .976 13.5 37.9 
0.1 .975 13.8 39.1 
1.2 994 6.8 16.4 
1.0 984 11.2 53.7 
1.1 992 7.8 38.6 
1.0 .987 9.8 30.0 
0.8 .994 6.5 15.0 
0.9 .994 7.0 17.8 
0.9 .996 5.6 14.6 


gradually decline as the stock of money 
grows approaching the figure of only 0.5. 
That the equation is misspecified is sup- 
ported by the fact that in every case the 
problem is one of systematic underpredic- 
tion. A larger coefficient for M, would re- 
duce or eliminate this problem. 


C. The Andersen-Jordan Model 


The original St. Louis Federal Reserve 
model was estimated by A-J on quarterly 
data 1952:1 through 1968:2. After re- 
estimating this equation over the same 
sample period, and obtaining essentially 
the same coefficient estimates, we have 
examined the model’s predictions over the 
thirteen quarter period 1968:3 through 
1971:3. This model predicts the change in 
current dollar GNP from a distributed 
lag on the change in M, and.a distributed 
lag on the change in high-emplovment 
government expenditures. 
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_ The entries for the postsample per- 
formance of this model corresponding to 
Table 1 are: root mean square error= 8.9; 
mean square error= 78.4; (Ac— P)?=16.8; 
(Sac Sp) =Í. T: 2(1—1)S4,Sp=59. 5; ác 
—P=—A4.1. These statistics, it should be 
remembered, are for the quarterly change 
in GNP in billions of current dollars. The 
root mean square error of 8.9 may be com- 
pared to the equation’s standard error 
of estimate of 4.0. | . 

Again there is a significant problem. of 
bias, except that in contrast to the F-M 
equation the problem with the A-J equa- 
tion is overprediction. Accumulating the 
first difference predictions to obtain level 
predictions, the overprediction amounts to 
10.9 in 1968:4, 22.1 in 1969:4, 46.0 in 
1970:4, and 53.9 in 1971:3. The A-J equa- 
tion appears to be no more accurate than 
the F-M equation using Ms. 


II. Significance of Findings 


The policy implications of the results in 
Section I are clear. From the definitions 
cf the autonomous expenditures variables 
it appears that none of the variables, in- 
cluding even (especially?) their govern- 
ment expenditure components, can be 
predicted very accurately a year in ad- 
vance. This being the case, given a fore- 
cast of the nongovernment components of 
autonomous expenditures, the determina- 
tion of government expenditures such that 
a desired level of consumption will be 
achieved will surely lead to substantially 
' larger errors of prediction than indicated 
in the mean square error column of Table 
1. On the other hand, even within the 
present institutional framework there can 
be little doubt that it is technically possible 
to set either M, or M: very accurately on 
a yearly average basis. Thus, the mean 
square error figure for M: in Table 1 is an 
appropriate measure of the probable ac- 
curacy of stabilization efforts using Me 
and based on the F-M formulation of the 
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money-consumption relationship.’ None of 
the relationships examined in this paper 
are accurate enough to be of much use in 
formulating discretionary policy. Nor are 
the relationships accurate enough to sug- 
gest thaz much confidence could be placed 
in a nondisczetionary policy rule based on 
one of these equations. 

Table 1 lends considerable support to 
the argumer.t that the war years should 
be excluded from the estimation period. 
For every independent variable tested, 
except for XA, the exclusion of the war 
years leads to an equation that predicts 
better during the 1959-70 period. From 
other regressions we have run (not re- 
ported here) there is also some evidence 
that the exclusion of 1947-49 as well as 
1942-46 “ror. the estimation period further 
improves. the predictions beyond the 
period of estimation. Given the extent 
of the dislocations caused by the war, it 
would not Fe surprising if the postwar 
adjustments _asted several years and there- 
by distort estimates from regressions us- 
ing those vears. 

Appraising these results in terms of test- 
ing rival theories, it would appear that 
the decision must still be rated a draw. By 
defining autonomous variables that pro- 
duced R?'s as high as M» did in the sample 
period, H, A-M, and D-M blunted the 
F-M claim that...‘‘The results are 
strikingly one-sided” (1963, p. 166). Given 
that during the postsample prediction peri- 
od M, ran about in the middle of the pack, 
and given the disappointing performance 
of the A-J equation, the decision must still 
be rated a draw. Although some of the 
autonomous definitions performed better 


8 This statement, of course, assumes away possible 
problems of tias in the estimated equation, problems 
that might chow up cnly during a period when M; was 
deliberately controlled by policy makers. During the 
1959-70 period, Af, was not a policy-determined vari- 
able. (This -s not to say that M was unaffected by 
policy but only chat it was not Say con- 
trolled by pclicy makers.) 
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than Maa, others performed worse. The 
fact that H, A-M, and D-M produced 
so many different definitions of autono- 
mous expenditures, and that these defini- 
tions perform so differently in the projec- 
tion period, clearly reinforces. the F-M 
statement that... ‘However useful ‘au- 
tonomous expenditures’ may be as a 
theoretical construct, it is still far from 
having any generally accepted empirical 
counterpart” (1965, p. 754). 

The findings support the contention 
that neither the simple Keynesian nor the 
simple quantity theory models provide an 
adequate understanding of business cycle 
fluctuations. Even supposing that the F-M 
equation comes back on track in the fu- 
ture, the equation could hardly be con- 
sidered satisfactory considering the size 
and persistence of its errors over the 1959- 
70 period. The situation with respect to 
the autonomous expenditures equations is 
not really any better. With eleven differ- 
ent definitions of autonomous expenditures 
tested it is hardly surprising that several 
did quite well over a postsample period of 
twelve observations. There simply is not 
much empirical content in the single equa- 
tion approach as employed in the studies 
examined here. 

This discussion assumes that the ap- 
propriate method of testing a theory is to 
examine the accuracy of its predictions 
of endogenous variables given knowledge 
of the values of the variables specified by 
the theory to be exogenous.’ Such a 
theory, it may be noted, may not be of 
much value in ex ante forecasting if the 
values of the exogenous variables cannot 
be predicted ex ante. Conversely, since it 
may be possible to make accurate short- 
run forecasts of an endogenous variable 
solely on the’ basis of knowledge of the 


® This statement should not be interpreted as claim- 
ing that accuracy of predictions is all that is relevant, 
but rather that no theory is acceptable if it is con- 
travened by the facts. 
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cyclical and other properties of the time- 
series of the variable, short-run forecasting 
models may not be of much value in test- 
ing rival theories. Since the controversy 
being examined concerns rival theories, 
ex ante forecasting is not directly relevant. 

During this controversy there has been 
little discussion of the appropriate testing 
methodology. In their CMC paper, F-M 
take the view that... “the question at 
issue is mainly the short-term stability of 
the relations being compared” (p. 174). 
Although this criterion seems to be in 
conflict with the F-M preference for using 
a long historical series, if short-run stabil- 
ity is the appropriate criterion, the 1959- 
70 performance of M» is quite good. Over 
the postsample period, the major problem 
with the M: equation is bias; as can be 
seen from the next to last column of 
Table 1, relatively little of the mean 
square error tor M» is due to a poor cor- 
relation of M, with consumption.?° 

It can be argued, however, that the 
short-term stability of relations is not the 
appropriate criterion since with U.S. eco- 
nomic data almost any variable will be 
closely related to consumption over a given 
period if only the period is short enough. 
The levels of most, and the first differences 
of many, series exhibit substantial serial 
correlations around linear time trends, but 
the trends themselves differ substantially 
from one short period to the next. Two 
series correlated with each other will, 
therefore, have high short-run correlations. 
But of what value is a theory that asserts 
that over the next ten years the relation- 
ship between X and F will be “close” 
and “stable” but that there is no way of 
knowing whether a 10 percent change in 
A will “cause” a 20 percent change in Y 
or a 5 percent change in F? An adequate 
theory to explain Y must either involve a 
stable long-run relationship between X 


10 In the 1959-70 period the correlation between C 
and MM, is .997, - 
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‘and F, cr offer an explanation of why and 
how the relationship between X' and F 
shifts from one relatively short period to 
the next by adding additional explanatory 
variables to the theory. The argument that 
a relationship has broken down because of 
“structural shifts” is inherently nontesta- 
ble unless the shifts themselves are speci- 
fied so that their hypothesized effects can 
be tested on another body of data. 

This argument does not deny that the 
period by period correlations between 
money and consumption (or income) are 
impressively high. The evidence is strong 
that money plays an important role in 
business cycle fluctuations. Yet the vari- 
ability of the regression coefficient for 
money period by period makes clear the 
necessity of adding additional variables 
_ to obtain a satisfactory explanation of 
business cycle fluctuations. 

Our findings eraphasize the futility of 
the R? game. The F-M critics all came up 
with definitions of autonomous expendi- 
tures that produced regression R’s rivaling 
or exceeding the R? for M». But beyond 
the period of estimation many of these 
relationships fall apart. Whatever one’s 
biases in terms of the Keynesian and 
quantity theory approaches, these findings 
indicate that none of the single equation 
models predict the future very well. The 
F-M and A-J equations have large post- 
estimation biases in opposite directions 
while the H, A-M, and D-M equations 
present a very mixed picture. In terms of 
verified empirical knowledge, economists 
have good reason to be modest. 

The key to the accumulation of empiri- 
cal knowledge, as opposed to the con- 
struction of empirical hypotheses, is the 


replication of empirical studies on new 


bodies of data. Such work ought to be 
carried out on a routine basis in economics 
just as experiments in the natural sciences 
are replicated as a matter of course. But 
if there is to be systematic ex post review 
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of empirical work, the original investi- 
gators must put their studies in such a 
form tiat they can be replicated and used 
to maze predictions outside the sample 
pericd used for estimation. The F-M, H, 
A-M, D-M, and A-J studies are ideal in 
this respect. But a similar study of the 
simultaneous equations models of the U.S. 
economy is extremely difficult because 
these models are in a constant state of 
flux. It would be interesting, and prob- 
ably scbering, to examine the 1970 pre- 
dictions of a simultaneous equations model 
of 19€0 vintage." 

If the F-M argument is interpreted not 
as a brief for a single equation approach, 
but as a brief for an empirically testable 
apprcach, then it would seem that the 
only significant fall-out so far from this 
controversy has been the St. Louis Federal 
Reserve model. The construction of large 
models has been extremely valuable, but 
it is unfortunate, in our view, that there 
has not been much more effort spent on 
smal. models that are subject to ex post 
testing and evaluation? What this con- 
troversy has confirmed is that it is easy 
to meet the challenge of obtaining a high 
R* curing the period of estimation, but 
not so easy to meet the challenge of post- 
estimation predictive accuracy. Our chal- 
lenge is for someone to find a multi- 
equetion model constructed a few years 
ago that has greater postsample predictive 
accuracy than the equations examined in 
this study. 

H Even the within-sample performance of simul- 
tanecus equations models is not always very satisfac- 
tory. For example, the 1969 version of the FRB-MIT- 
PENN model went far off track in dynamic simulation 
over the 1956-68 period. See Poole (1971) pp. 164-66. 

1 The major complaint about large models has been 
that they are sc complicated that it is impossible to 
fully understand their workings. This view has some 
valicity but snould not be overemphasized because with 
sufpcient labor it is possible to understand these models. 
Much more serious, in our view, is the problem dis- 
cuss2q in the text-——that is, that these large models are 


not really subject to-ex post evaluation, at least not 
without a tremendous expenditure of resources. 
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On Revaluations versus Devaluations 


By Epwarp S. How te* 


In reforming the system of pegged ex- 
change rates, one matter of concern is the 
distribution of the burden of adjustment 
between revaluations and devaluations. 
The same amount of adjustment can be 
accomplished with various revaluation- 
devaluation combinations, but changing 
the combination has several effects. One 
important effect was noted in a report by 
the International Monetary Fund: 

Generally, and over a period of time, a 
~ predominance of exchange rate adjust- 

ments in one direction, taking account 
of the size of the adjustments and the 
relative importence of the currencies 
concerned, will tend to increase their 
number, since it will require such ad- 
justments to be made by countries that 
are originally in a balanced payments 
position to a greater extent than if 
movements in both directions were rea- 
sonably matched.! 


This point is explored in the analysis that 
follows. It is shown that, of all the various 
revaluation-devaluation combinations that 
could keep all countries in payments 
equilibrium, there is one particular com- 
bination that will minimize the number of 
exchange rate adjustments, with each 
adjustment weighted by the size of the 
induced trade, changes that result. It is 
also demonstrated that, within a pegged- 
rate system, the particular revaluation- 
devaluation combination by which equi- 
librium is maintained affects not only the 


* University of North Carolina at Chapel Hill. Iam. 


indebted to Clarence H. Adams, Jr., Dennis R. Apple- 
yard, John E. Jelacic, James C. Ingram, Donald B. 
Keesing, Kenneth J. Kopecky, Carlos F. J. Moore, 
Hiroshi Ono, Steven S. Rosefielde, an anonymous 
referee, and others. Research support was provided by 
the Business Foundation of North Carolina, Inc. 

1 See The Role of Exchange Rates in the Adjustment of 
International Payments, p. 38. 
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distribution of the burden of adjustment 
between countries, but also the total 
burden of adjustment. Thus, some systems 
would be less costly in the aggregate than 
others. 

Tke paper begins by defining the ad- 
justment pivot point; this concept is 
centrel in the analysis. There follows a 
discussion of the influence of the quantity 
of reserves upon the pivot point or upon 
the revaluation-devaluation combination. 
Then a formula is specified for the revalua- 
tion-devaluation combination (or bias) 
that will minimize the weighted amount of 
exchange rate change required over time 
by a.l pegged-rate countries. Finally, the 
analvsis is applied to the 1960-71 period. 
A rough estimate is made of the reduction 
in trade adjustments that might result 
frcm the optimal revaluation-devaluation 
com ination, as opposed to adjustment 
only through devaluations. 


I. The Adjustment Pivot Point: 
An Analytical Tool 


The pivot point can be explained by 
examining a world composed of countries 
A through K.? Each country has a con- 
stant rate of inflation determined by. 
pal.cies aimed at internal objectives. Thus, 
balance-of-payments considerations do not 
influence rates of inflation’ Assume that 
the maintenance of payments equilibrium 
in the long run requires that countries A 
through K have the average annual rela- 
tive rates of exchange rate change (p; 
values) in Table 1, stated in percentages. 


* The pivot point concept was introduced indepen- 
dentiy by John Williamson, p. 3, and by Howle and 
Carlos F. J. Moore, p>. 430-31. 

© These assumptions will be relaxed in Section IT. 
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Assume further that a system of pegged 
exchange rates exists, and the band width 
about each parity is zero. Each country 
maintains payments equilibrium by peri- 
odic discrete devaluations or revaluations 
relative to gold and SDRs. The term 
parity will always mean the gold and SDR 
price of the currency, and a change in that 
price will be called a revaluation, de- 
valuation, or parity change. 


TABLE 1—RELATIVE ANNUAL AVERAGE PERCENTAGE 
Rates OF EXCHANGE RATE CHANGE (pi VALUES) 
REQUIRED FOR LoNG-RuUN MAINTENANCE OF 
BALANCE-OF-PAYMENTS EQUILIBRIUM 


pi Countries 
0.0 A 

2.0 B,C, D 
4.0 E, F,G 
6.0 H,I 

8.0 J 

10.0 K 


In this example an infinite variety 
of revaluation-devaluation combinations 
could achieve the relative rates of ex- 
change rate change in Table 1. To illus- 
trate, adjustment could be accomplished 
by A maintaining a constant parity; B, C, 
and D each devaluing by 10 percent once 
every 5 years (an average annual rate of 
2 percent); E, F, and G each devaluing 
by 10 percent once every 2-1/2 years; 
etc. In this case we would say that the 
adjustment pivot point is at zero on the 
scale of relative exchange rate changes, 
for the country at zero on that scale is the 
pivotal country; it does not adjust and 
all other countries adjust around it. Al- 
ternatively, the same relative rates of 
exchange rate change can be maintained 
by A revaluing by 10 percent once every 
5 years; B, C, and D maintaining a con- 
stant parity; £, F, and G devaluing by 10 
percent once every 5 years; etc.‘ In this 

4 The error involved in adding or subtracting per- 


centages can be made insignificant by the method used 
in Section ITI below, or by specifying the percentage 
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case the pivot point is at 2 percent on the 
scale of relative exchange rate changes. 

Thus, when all countries are maintain- 
ing payments equilibrium over time by 
some unique combination of average re- 
valuation and devaluation rates, the ad- 
justment pivot point, »*, will have a 
numerical value equal to the average rate 
of revaluation for the country with the 
highest such rate.’ Increasing the overall 
revaluation to devaluation ratio increases 
p*. Also, as indicated in Table 1, p: will 
mean the average percentage rate of ex-. 
change rate change of country 7 relative 
to the country with the highest rate of 
revaluation. A country’s rate of parity 
change is (p:—p*). For example, if p* 
is equal to 6.0, country B must revalue at 
an average rate of 4 percent. 

While p* might be set at some given 
level by international agreement, the 
level of p* might also be controlled by 
regulating the quantity of international 
reserves, provided that 1) no country with 
a p: value of less than the desired p* prefers 
holding infinite reserves to revaluing, and 
2) a given percentage increase in reserves 
does not produce an equal or larger per- 
centage increase in price. 

To see how an increase in reserves might 
increase the value of p*, we begin with a 
quantity of reserves so small that coun- 
try A (Table 1), in preference to revalua- 
tion, will absorb all of the existing reserves 
that the other countries do not choose to 
hold. All of the other countries, since they 
have higher #; values than A, will be 
forced to devalue periodically to avoid 


change for a short time period, reducing the numerical 
size of the percentages. 

5 Exchange rate adjustment will involve a pivot point 
so long as adjustment is made vis-a-vis some numerutre. 
But, with freelv fluctuating rates an no official reserves, 
there is no pivot paint. Also, as Williamson has pointed 
out, p. 3, if all countries adjust around one key currency 
of a country that never initiates a parity adjustment, 
p* must be equal to the p; value for that country; 2 
particular revaluation-devaluation combination is im- 
plied. 
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losing ali of their reserves to A. Country 
A’s balance of payments will be kept in 
equilibrium by the devaluations of other 
‘countries, and p* will be equal to zero. 
To increase p*, reserves must be increased 
enough so that A will prefer revaluation 
to holding all of the reserves that other 
countries do not choose to hold. So now 
let every country be allocated additional 
reserves. Deficit countries will be able to 
postpone devaluation, and it seems reason- 
able to assume that they will do so. In fact, 
those countries that must continue to 
periodically devalue might not choose to 
retain any of their share of the reserve 
increase. Most or all of the reserve increase 
will eventually tend to go to A. But if the 
increase is large enough, A will refuse to 
accept such a quantity of reserves, choos- 
ing instead to revalue each time its re- 
serve quantity exceeds some standard. 
This is a shift in p*. If B, C, and D are 
together willing to absorb all of the excess 
reserves that A refuses to absorb, then 
the new p* value will be 2.0. In this way an 
increase in the quantity of reserves might 
increase the value of p*. 

Further analysis of the relationship be- 
tween reserves and p* will be presented 
elsewhere. For the present, it is sufficient 
to note the concept of p* and the possi- 
bility of changing * either by inter- 
national agreement or by less direct means 
such as changing the quantity of reserves. 


II. The Exchange Rate Adjustment Model 


It has been noted that a predominance 
of exchange rate changes in one direction 
tends to increase their number. In other 
words, an extreme ~* value, whether high 
or low, Increases the amount of necessary 
exchange rate adjustment by all pegged- 
rate countries over a given time span. 
What may be less clear, but will be demon- 
' strated below, is that when parity changes 
are randomly distributed through time, an 
extreme »* value will increase not only 
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the amount of needed exchange rate 
change but also the total amount of trade 
change that results from all adjustments. 
An extreme ~* value in the pegged-rate 
system causes the adjustment process to 
be accompanied by unnecessary trade 
balance shifts. And because of these 
effects of a high or a low p* value, there 
must ke some p* value that will minimize 
the amount of exchange rate a ijustment 
(however weighted), or the total amount 
of trace-balance change, required to keep 
all pezged-rate countries in equilibrium 
over time.® The exchange rate adjustment 
model presented here will explore this. 

The assumpiions used in the model can 
be slightly less stringent than those used 
in the earlier numerical example. In par- 
ticular, we want to admit that efforts to 
offset the employment and inflationary 
effects of a parity change may be im- 
perfect. It is therefore specified that p; is 
country 7’s long-run average position on 
the scale of relative exchange rate changes, 
but -nere may be short-run deviations of 
the country’s position from p: However, 
p; as a long-run value, is constant, and 
it is mdependent of the location of p* or 
the quantity of reserves. The independence 
just mentioned need not imply that the 
overall world rate of inflation is unaffected 
by a change in p* or the quantity of re- 
serves; p; values will be unaffected so long 
as relative rates of inflation remain un- 
chanzed. Thus we assume that only rela- 
tive rates of inflation are unaffected by p* 
and by the quantity of reserves in exist- 
ence. 

Iz is assumed, as before, that secular 
tend2ncies to balance-of-payments im- 


6 While the pivot, point is a valid concept for any ex- 
change rate adjustment system involving a numeraire, 
the analysis of the amount of trade adjustment ac- 
companying the adjustment process is valid only for a 
pegged-rate system. When exchange rate changes are 
gradual, they may offset trade changes that would 
have otherwise occurred, rather than actually causing 
trade adjustments. 
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balances are corrected only by exchange 
rate parity adjustments, and between ad- 
justments exchange rates are kept exactly 
at parities; the band width is zero. A 
country with p; greater than p* periodi- 
cally devalues, while if the reverse is true 
periodic revaluation is necessary.’ The 
average rate of parity change for country 
zi is equal to the value of (p:— p*). Except 
where specified otherwise, a country is as- 
sumed to base its decision to change its 
parity on its own payments and reserve 
‘situation, so that the decision is independ- 
ent of concurrent parity action taken by 
other countries. 

All values are denominated in units of a 
specific currency; a shift in p* cannot 
permanently affect the value of one cur- 
rency relative to another, but it does in 
time affect the value of every currency 
relative to reserves. For a given country, 
the size of the trade-balance change as- 
sociated with a parity change is propor- 
tional to the size of the latter; elasticities 
are assumed to be the same for small and 
large parity changes by a given country. 
The adjustment of trade to exchange-rate 
changes is instantaneous. l 

We begin by using a numerical example 
to show that the value of * has no effect 
on the amount of induced trade change if 
parity changes are always coordinated in a 
particular way, but that p* does otherwise 
affect the amount of induced trade change. 
Consider the world of six countries in 
Table 2. 


TABLE 2—HYPOTHETICAL DISTRIBUTION OF p; VALUES 


pi Countries 
0.0 A,B 
2.0 C.D, def 


In one way or another, C through F must 
depreciate their currencies relative to A 


1 This follows from the definitions of p; and 9*. 
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and B, or A and B must appreciate rela- 
tive to C through F, at an average annual 
rate of 2 percent if secular equilibrium is 
to be maintained. Assume initially that 
this is accomplished by A and B revaluing 
simultaneously by 10 percent once every 
5 years. Let these revaluations result in a 
$4 trade-balance deterioration for A, the 
same for B, and a $2 improvement each 
for C through F. The total induced trade 
change, avoiding double counting, is $8 
per 5 years. 

The amount of trade change resulting 
from parity changes can be this low only 
when parity changes are coordinated so 
that no country depreciates (appreciates) 
relative to another country that will later 
have to depreciate (appreciate) relative 
to the first. Let this be defined as perfect 
simultaneity. When adjustments are per- 
fectly simultaneous, and only then, is the 
pivot point irrelevant to the amount of 
trade change taking place. If countries C 
through F had simultaneously devalued 
by 10 percent once every 5 years, rather 
than A and B revaluing, the relative 
change taking place is obviously un- 
altered, and the amount of induced trade 
change would still be $8. But if adjust- 
ments are not perfectly simultaneous, the 
pivot point, p*, affects the amount of 
trade-balance change required to main- 
tain equilibrium, and regardless of the 
value of p* the amount of such change 
will be greater than it will be with perfect 
simultaneity. 

Consider, for example, the amount of 
trade adjustment when p* is equal to 
2.0 and adjustments are not coordinated. 
Countries A and B must each revalue at 
the same rate as before; let us assume that 
each revalues by 10 percent once every 
5 years. With the adjustments uncoordi- 
nated, and with the assumption of instan- 
taneous trade adjustment to parity 
changes, the. probability is zero that the 
two adjustments will overlap. When the 
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first revaluation takes place, it involves 
not only the necessary price changes be- 
tween that country and the countries with 
pivalues of 2.0, but also an unnecessary 
price change between the acting country 

and the other country with the same p; 
value. If the countries are of similar 
significance in trade, about 25 percent 


more trade is affected by the price change, ’ 


and the total change in the trade balance 
might be as much as 25 percent larger than 
that attributable to the country’s action 
in the simultaneous adjustment case. Of 
course, when the second of the two re- 
valuing countries acts, it offsets the un- 
necessary price change between them, 
causing trade changes between them that 
reverse the initial ones. Both of these 
trade changes involve costs that are the 
result of nonsimultaneity.® 

But, most important, observe the effect 
of changing p* to zero when adjustments 
are not simultaneous. In that case four 
countries, rather than two, must adjust 
by 10 percent once every 5 years; with 
the countries of similar significance in 


8 Ti is not necessary for two p; values to coincide for 
coordination of parity changes to reduce the cost of 
adjustment, If two periodic devaluers, for example, 
have different f; values, unnecessary depreciations of 
one relative to the other will be avoided if a devalua- 
tion by the country with the lower average annual rate 
of devaluation is always accompanied by an equal or 
larger percentage deva.uation by the other. As long as 
that requirement is fulfilled, unnecessary depreciations 
by either of the two countries relative to the other will 
not occur even though the country with the higher 
average rate of devaluation may have additional de- 
valuations that are not coincident with devaluations by 
the other country. In genera] then, given a distribution 
of p: values and a p* value, the requirement for perfect 
simultaneity will be fulfilled if 1) whenever a country 
devalues, that devaluation is accompanied by a simul- 
taneous devaluation of at least the same percentage by 
every country with a p; value that is equal to or higher 
than that of the first country; and 2) whenever a 
country revalues, that revaluation is accompanied by 
a simultaneous revaluation of at least the same per- 
centages by every country with an equal or lower pi 
value. If these two conditions are fulfilled, there will be 
no unnecessary appreciations or depreciations of one 
country relative to another. A more detailed explana- 
tion and example is available from the author. 
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trade about twice as much trade change 
will be induced as with nonsimultaneous 
adjustment and a 2.0 percent pivot. Each 
adjustment now involves a necessary de- 
preciazion relative to only two countries, 
and an unnecessary depreciation relative 
to the other three countries with identical 
p: values. It is evident that, when adjust- 
ments are not perfectly simultaneous, 
chang:ng p* will alter the total amount of 
trade change accompanying the adjust- 
ment process. 

We have seen that, with perfect simul- 
taneity of the adjustment process, the 
value of »* will affect the number of 
parity changes required for all countries 
to maintain equilibrium, but will not 
affect the resulting amount of adjustment- 
induced trade change. But without per- — 
fect simultaneity, there will be unneces- 
sarv trade changes, and these will be 
affected by the value of p*. To generalize 
the latter result, we shall now derive the 
p* velue that will minimize the amount of 
unnecessary trade changes that would 
occur over time with nonsimultaneous 
pegged-rate adjustments. We begin by 
defining S; as the absolute value of the 
trade change per percentage point parity 
change, resulting from 7’s independent 
(noz simultaneous) parity adjustment; S; 
can be stated as 


(1) S; = KX: Mi, Hsi, Ndi, Csi edi) 


wkere X; and M; are the values of country 
Ts exports and imports, n.: and Maa: are 
the 2lasticities of supply and demand for 
Ts exports, and e.: and ea: the correspond- 
ing import elasticities. For example, if A’s 
revaluation of 10 percent produces a $5 
trade change, S; must be equal to $0.50. 
The term S;|p:—p*| is the average 
trace change per time period (in country z 
and elsewhere) induced by country 7’s par- 
ity changes. This is because S; is the 
absolute value of that trade change per 
percentage point of 7’s parity change, and 
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| pi— p**| is the average amount of 7’s 
parity change per time period. The total 


value of all absolute trade changes per 


time period, that result from the parity 
changes required to keep all pegged-rate 
countries in payments equilibrium, is 


(2) T= ES | o 


Countries 1 through n are all pegged-rate 
countries. 

Let R be the sum of S; values for all 
countries with p; values of less than p* 
(all periodic revaluers), W be the sum of 
S; values for those countries, if any, that 
have p: values exactly equal to p*, and D 
be the sum of S; values for countries with 
p: more than p*. This means that 


(3) SS aa 
1 


From equation (2) it can be shown that 
the change in T resulting from an in- 
finitely small change in p* is 

‘a AT 7 NAp* 

Ap* | Ap*| 


where Ap® is infinitely small. Equation (4) 
is not a derivative of equation (2) because 
the derivative of S;|p:—p*| is undefined 
where p; and p* are equal.’ 





§ Differentiation can be used except where p; and p* 
are equal. Since the derivative of a sum is equal to the 
sum of the derivatives, each S;| p:—p*| term in equa- 
tion (2) can be differentiated separately to obtain 


OS: | pi — p* 

(A) snort == S; where pi < p* 
aS; | pi — p* 
seo Fl s where p; > p* 


Where p; and p* are initially equal, AS,|#:—p*| /Ap* is 
equal to S: when Ap* is positive, and to (—.S;) when 
Ap* is negative. This can be stated as 

AS; pi — p* S:Ap* 
(B) AS: | pi — | em AP where pi = t* 

Ap* | Ae | 

The only case not yet considered is where (p:— p*) has 
a small nonzero value and the change in p* causes the 
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It is found from equation (4) that T is 
minimized when!’ : 


© ° |[R-D| <N 


This is based upon the assumption that 
S: and p; values are unaffected by changes 
in p*. Of course, R, N, and D values are 
affected, for a change in p* can shift a 
country from one category to another. 
Generally, one and only one ~* value will 
distribute countries among the R, N, and 
D categories in a way that will fulfill the 
condition stated in equation (5), and that 
p* value will coincide with some p; value 
so that N is positive. The only exception 
appears to be when there is a p* value 
that makes R and D exactly equal when 
N is zero. In this case there will be one 
and only one range of p* values, extending 
from a specific $; to an adjacent one, that 
will fulfill the condition, and this range 
of p* values will all produce the same 
(minimum) T value. 

We now know the p* value that will 
minimize the amount of unnecessary 
trade changes accompanying nonsimul- 
taneous parity changes over time. Ignor- 
ing the problem of finite increments, it is 
the p* value that will divide countries 
between revaluers and devaluers in such 
a way that the sum of S; values for peri- 
odically revaluing countries (or R) is equal 
to the sum of S; values for periodically 
devaluing countries (or D). This mini- 
mization condition can be understood 
intuitively by considering the effect of 
raising p* by 1.0 percent. For simplicity 
assume that there is no p; value such that 


sign of (p:—p*) to change. But the change in p* can 
always be made small enough to eliminate this pos- 
sibility; this case can be ignored at the limit. Equations 
(A) and (B) can therefore be summed and the R, N, 
and D notation substituted to obtain equation (4). 

10 For a minimum to exist, neither an increase nor a 
decrease in #* can decrease T. From equation (4) an 
increase in p* will not decrease T so long as (R+N 
— D> 0), and a decrease in p* will not decrease T so long 
as (R—N~D<0). Thus the value of (R—D) must lie 
between (— N) and Ñ, as is stated in equation (5), 
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(p*<5;<1.01 p*). Each of the countries 
with b; less than p* must increase their 
annual average rate of revaluation by 1.0 
percent. The trade changes throughout 
the world associated with their revalua- 
tions rise by R per time period, for that is 
the total trade change per percentage 
point of their parity change. Similarly, 


the trade changes induced by parity. 


changes of those above the pivot decline 
by D. Thus, the total adjustment-induced 
absolute trade change falls with a rise in 
p* if R is less than D, is at a minimum if 
the two values are equal, and rises if R 
exceeds D. This confirms the equation (5) 
result. 

Note what equation (5) means for the 
special case in which all countries have 
identical elasticities and average trade 
balances of zero over time. The ratio of 
S; to (X;+M;) will be identical for every 
country, and the optimal pivot will be 
the one that causes countries to be divided 
between the revaluers and devaluers so 
that the total trade of periodic revaluers is 
equal to the total trade of periodic de- 
valuers.!! That will probably be approxi- 
mately true even if these conditions are 
not met. Thus, given the lack of accurate 
elasticity estimates, it would make sense for 
countries of the world to agree upon a sys- 
tem of exchange rate change in which coun- 
iries below the pivot have roughly the same 
value of imports and exports as do those 
above. 

Finally, two points should be noted. 
‘Jt has been said that equation (5) states 
the condition for minimizing the amount 
of trade change accompanying the adjust- 
ment process. But, it is equally correct to 
say that equation (5) states the condition 
for minimizing the weighted number of 
parity changes, where the weighting is the 
amount of trade change that results from 


u Williamson, p. 14, suggests incorrectly that parity 
adjustment will be minimized if all countries adjust 
around the one with the modal rate of inflation. 


DECEMBER 1973 


each parity change. The two criteria are 
definitionally identical. Also, note from 
equation (5) that it is the division of 
countries between those above the pivot 
and tkose below that matters, not how 
far abcve or below countries are. The opti- 
mal vélue of p* will not be affected by a 
doubling of the rate of inflation, and a 
corresponding increase in p,, of a country 
whose p; value is already above the opti- 
mal p* value. 

This completes the theoretical analysis. 
We have skown that, if the adjustment 
process is perfectly simultaneous, the 
value of p* will affect the number of 
parity changes required for all countries 
to maintain equilibrium, but it will not 
affect the total amount of trade change 
that results. Regardless of the pivot point 
there will be no unnecessary trade adjust- 
ments in this case. But without simul- 
taneity, the adjustment process will in- 
volve unnecessary trade adjustments; a 
country will depreciate (appreciate) rela- 
tive to other countries that will later find 
it necessary to depreciate (appreciate) 
relative to the first. There is a p* value 
that will minimize (but not eliminate) the 
aggregate amount of unnecessary trade 
change that results from nonsimultaneity. 
Thet p* value is the one that will fulfill the 
equation (5) condition, subject, of course, 
to zhe assumptions stated. 


III. An Empirical Illustration 


The analysis will now be applied to p; 
values for the period December 31, 1960 
through December 31, 1971. This will 
illustrate the use of the model and give a 
rough indication of how the amount of 
trade adjustment varies in relative magni- 
tude with changes in p*. 

At the time of this writing exchange 
raze data for the end of 1971 was obtain- 
atle for 99 countries from an International 
Monetary Fund press release. We added 
Switzerland and the United States, giving 
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TABLE J—SELECTED TRADE-BALANCE CHANGE COMPUTATIONS? 
S;|p*— ;| values where p* equals? 
(1) (2) (3) 6) © (7) (8) 

Country pi : Se 0.00 18.36 26.62 30.20 69.27 
(1) Germany 0.00 58.326 0 1,071 1,553 1,761 4,040 
(2) Japan 10.95 29.064 318 215 456 559 1,695 
(3) Australia (Gold) 18.36 9.559 176 0 79 113 487 
(4) United States 26.62 86.478 2,302 714 0 309 3,688 
(5) France 30.20 32.576 984 386 116 0 127 
(6) United Kingdom 33.85 42.961 1,454 666 311 157 152 
(7) Venezuela 54.02 6.614 357 236 181 185 101 
(8) India 69.27 6.033 418 307 257 236 0 
(9) 86 country total 111,312 55,805 53,368 61,278 223,971 


a The p; and p* values are stated as percentages; all other values are in dollars divided by 10". 
b The p* values listed correspond to the following pivots: 0.00, Germany; 18.36, gold and SDRs; 26.62, United 


States; 30.20, France; 69.27, India. 


us 101 countries that accounted for most 
of the trade outside of the Soviet area. 
Eight countries of this group, including 
Canada, were excluded because of flexible 
rates; the analysis does not apply to 
flexible-rate countries. Multiple-rate coun- 
tries in general were included as long as 
there was one principal trade rate; only the 
Philippines and Viet-Nam were excluded 
because of multiple rates. Five very small 
countries were excluded because of non- 
existent or doubtful data. This left a 
group of 86 countries in the study.!* The 
8 countries in Table 3 are representative 


12 In order of p: values: Germany, Netherlands, 
Japan, Switzerland, Austria, Belgium, Algeria, Aus- 
tralia, Iraq, Kuwait, Libyan Arab Republic, Malaysia, 
Morocco, Nigeria, Saudi Arabia, Singapore, Somalia, 
Ethiopia, Norway, Sweden, Italy, Portugal, Surinam, 
Netherlands Antilles, Hong Kong, Greece, Haiti, 
Honduras, Iran, Jordan, Kenya, Liberia, Mexico, 
Nicaragua, Pakistan, Paraguay, Panama, Sudan, 
Dominican Republic, El Salvador, Tanzania, Thailand, 
Uganda, Zambia, China, United States, Denmark, 
Ivory Coast, Malagasay Republic, Mauritania, Niger, 
Senegal, Togo, Upper Volta, Dahomey, France, Malta, 
South Africa, Syrian Arab Republic, Sierra Lione, Bar- 
bados, Cyprus, Gambia, Jamaica, Malawi, Spain, Ire- 
land, United Kingdom, Burma, New Zealand, Tunesia, 
Guyana, Costa Rica, United Arab Republic, Finland, 
Venezuela, Nepal, Peru, India, Turkey, Ecuador, 
Ghana, Rwanda, Iceland, Israel, Zaire. 


and will illustrate the calculation methods 
used. 

It will be recalled that p; is the average 
percentage change in 7’s exchange rate per 
time period relative to the exchange rate 
of the country that revalues at the fastest 
average rate. Using the entire 11 years as 
the time period, we have computed each 
p: value (Table 3, col. 2), as 


log (ci/ c1) 
(6) pi = Le 
log 1.01 


- The term c; is the number of units of 7’s 


currency per dollar at the end of 1971 over 
the number of units per dollar at the end 
of 1960. And cı is the c; value for Ger- 
many, the country with the greatest rate 
of revaluation; by definition pı is zero. 
Equation (6) produces the same result 
that would obtain if p; values were first 
computed as ordinary percentage changes 
for a very short time period, then multi- 
plied by the ratio of 11 years to that time 
period; the effect of compounding is re- 
moved. This has the advantage that it 
eliminates the error that would otherwise 

B For sources of data used in this section of the paper, 


see the International Monetary Fund, New York Times, 
and United Nations references, 
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be involved in comparing large and small 
percentages, and in adding or subtracting 
one percentage from another (i.e., p* from 
p:). Also, it prevents any bias that might 
result from using the entire 11 years as 
the time period. Calculating percentages 


by a simple mid-range base formula pro- . 


duced virtually identical results, however. 

Next, S; values (Table 3, col. 3) were 
computed for each country, the absolute 
change in the trade balance per percentage- 
point exchange rate change. This required 
export values, import values, and the usual 
elasticities. Mid-period (1966) export and 
import values were used, stated in dollars, 
in order to eliminate the problem of de- 
flation. Export and import values were 
reduced to exclude intra-bloc trade for 
all countries changing rates along with 
sterling. _ 

Reliable elasticity values, of course, are 
not available for the 86 countries. But our 
purpose is to obtain an index of relative 
amount of trade adjustment correspond- 
ing to different pivots, not an estimate of 
absolute amounts. This means that ab- 
solute elasticity values are not very im- 
portant, but relative values can matter.! 
Moreover, it would do little harm to apply 
the same arbitrary elasticity values to all 
countries as long as elasticities were not 
correlated with p: values. But no indus- 
trial countries are at the extreme upper 
end of the p; scale, and no less developed 
countries are at the extreme bottom of the 
p; scale. It does not seem likely that elas- 
ticities and p: values are unrelated. To 
determine how much the possible rela- 
tionship between elasticities and p; values 
would affect our result, we made two sets 
of calculations. One used the same elastici- 
ties for all countries, and the other used 


H Doubling the assumed responsiveness of trade to 
parity changes will double the calculated trade adjust- 
ment corresponding to each pivot, hence it will not alter 
the optimal ¢* or the ratio of trade adjustments for one 
p* relative to those for another. 
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the assumption that export and import 
values were twice as responsive to ex- 
change rate changes by the 13 industrial 
countries in the study as by the remaining 
countries. Both results will be presented. 
The computation of S; values in Table 3, 
column 3, uses the assumption that, for 
every country, the absolute value of the 
percer.tage change in exports per per- 
centage-point parity change is 2.0, and 
the ccrresponding import value is 1.0. For 
example, Germany, with exports of $20,145 
million, and imports of $18,036 million, 
had an S; value of 0.02 times the former, 
plus 0.01 times the latter, or $58.326x10’. . 

Firally, columns 4 through 8 show how 
the adjustment-induced trade-balance 
change (S;|*—p;|) is computed for each 
country corresponding to various pivots. 
For example, the row 2, column 6 entry 
shews the trade-balance change that 
would be induced by Japanese revaluation 
if ~* corresponded to the U.S. p: value 
of 20.62; that is, if Japan and all other 
countries adjusted to a constant U.S. 
parity. With p* equal to 26.62 and Japan’s 
p: value equal to 10.95, the relative ad- 
justment that actually took place would 
have required Japanese revaluation of 
26.62 minus 10.95, or 15.67 percent. 
Multiplying this |p*— ,| value by the 
Japanese S; value of $29.064x10’ gives us 
an induced trade balance change of 
$455x10". 

The total trade adjustment for various 
p* values is listed at the bottom of the 
table. With the elasticity assumptions used 
in this example, the adjustment mini- 
mizing p* value is 26.62, which is the 
same as the U.S. p: value. The amount of 
trade adjustment is lower for the 26.62 p* 
value (col. 6) than for any other p* value, 
not just those listed in the table. The 
relative exchange rate changes that took 
plece, if they had occurred at random 
times within a pegged-rate system, would 
have involved the least trade adjustment 
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TABLE 4—Errects OF ALTERNATIVE ASSUMPTIONS 





Optimal 
Assumptions pr 
(1) Same as Table 1 _ 26.62 
(2) Cost based on exports only 26.62 
(3) Cost based on imports only 26.62 
(4) Less developed/developed elasticity 
weights 1:2 21.37 
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Relative amounts of adjustment if p* is* 

0 18.36 26.62 30.20 69.27 
2.086 1.046 1.000 1.148 47197 
2.062 1.038 1.000 1.157 4.228 
2.131 1.061 1.000 1.132 4.136 
2.049 1.022 1.003 1.174 4.565 


a The p* percentages correspond to the following pivots: 0.00 Germany; 18.36; gold and SDRs; 26.62, United 
States; 30.20, France; 69.27, India. The figures given for relative amounts of adjustment are the amounts of adjust- 
ment for the given p* values divided by the amount of adjustment for the optimal p*. 


if the United States had not adjusted and 
other countries had adjusted around the 
dollar pivot. The amount of trade adjust- 
ment would have been more than twice 
that if the same relative changes had in- 
involved no revaluations (col. 4). 

Table 4 summarizes the way in which 
the conclusions are affected by altering the 
assumptions. In rows 2 and 3 we have re- 
peated the calculations, first on the as- 
sumption that only export revenues 
change, then only import revenues. Both 
results are nearly identical to those ob- 
tained earlier (row 1), showing that it is 
not important what ratio of export to 
import elasticities is used. In row 4 we 
assumed that trade was only half as re- 
sponsive to parity changes in nonindustrial 
countries as in the 13 industrial countries 
in our study. Since the industrial countries 
tend to lie at the low end of the p; scale, 
this change in assumptions lowers the 
optimal p* value from 26.62 to 21.37. 
But the value is still above the 18.32 p; 
value for gold and SDRs. Note that this 
change in the pivot is not of much im- 
portance, the use of the 26.62 pivot in- 
creases adjustment only three-tenths of 
1 percent above its minimum. 

In summary, the relative exchange rate 
changes that occurred during 1961 through 
1971, if they had taken place independent- 
ly within a pegged-rate system, would 
have caused about twice as much trade 


change with no revaluations as with the 
optimal pivot. But the precise location of 
the optimal pivot is not especially critical, 
either the gold-SDR pivot (18.32) or the 
dollar pivot (26.62) generally gives nearly 
optimal results. 


IV. Summary and Implications 


We have considered how the operation 
of the pegged-rate system is affected by 
the location of the pivot point. The pivot 
point affects the number of exchange rate 
changes, and, unless adjustment is per- 
fectly simultaneous, it also affects the 
total amount of absolute trade-balance 
change, and the cost of such change, re- 
sulting from parity changes. The total 
amount of absolute trade-balance change 
was selected as the objective criteria to be 
minimized. 

It was shown that, with the assump- 
tions stated, the amount of induced trade 
change 1s minimized when the pivot is 
located so that the sum of S; values for 
countries that tend to revalue is equal to 
the sum for countries that tend to devalue. - 
If elasticities and average ‘trade balances 
are unrelated to p; values, this means that 
the optimal pivot is simply the one that 
makes the total trade of countries that 
tend to revalue equal to the total trade of 
countries that tend to devalue. 

The empirical computations suggest 
that the total of absolute trade-balance 
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changes induced by parity adjustments 
might be half as great with the optimal 
pivot as with no revaluations. Even re- 
valuation by a few countries at the low 
end of the p; scale helps a great deal. One 
of the limitations of the numerical esti- 
mates, however, is zhat we have no way of 
knowing how changes in the pivot point 
would affect the formation of currency 
blocs that change their rates together. 

It is perhaps of some historical interest 
that, with most assumptions tried, the 
dollar pivot would have resulted in mini- 
mum, or nearly minimum, trade adjust- 
meni during the 1961 through 1971 period. 
If other countries had been willing to 
adjust around the dollar pivot the amount 
of adjustment within a nonsimultaneous 
pegged-rate system would have been about 
minimum. (The adjustment that finally 
took place in 1971 was not within the 
pegged-rate system or at least had some 
degree of simultaneity, so the present 
analysis does not compare that amount of 
trade adjustment with the minimum 
pegged-rate trade adjustment.) Needless 
to say, countries with low p; values can- 
not be expected to welcome efforts to 
raise the pivot point. But a few revalua- 
tions did occur before the 1971 disruption 
of the system, and indications are that 
even those few considerably reduced the 
amount of trade adjustment during the 
period, or, more likely, postponed the dis- 
ruption of the system. 

One last point. Some people may object 
to raising the pivot point on the assump- 
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tion that a low pivot discourages inflation. 
The besis for this assumption is question- 
able; political pressure not to devalue may 
be stronger when devaluations are in- 
frequeat and unfamiliar, so that if Ger- ` 
many and the Netherlands had not re- 
valuec in the 1960’s, devaluations might 
have become so commonplace as to reduce 
their political unpopularity. But in any 
case, .t seems unlikely that the inflation 
argument would eclipse the argument for 
reducing trade adjustments. If the infla- 
tion ergument is held to have merit, the 


` costs of inflation and trade adjustment 


woulc. have to be weighted against each 
other. The result would presumably be a 
pivot somewhat abcve the one that would 
minimize inflation, and somewhat below 
the one that would minimize trade adjust- 
ment. 
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Human Capital: The Choice Between 
- Investment and Income 


By Wiritam J. HALEY* 


The process of investing in and accumu- 
lating human capital has been intensively 
studied in recent years. The fruit borne of 
this research can most clearly be seen in 
the way labor input is dealt with in 
nearly all empirical research now appear- 
ing in economic journals. Labor input is 
no longer measured as man-hours per unit 
of time, but an adjustment is made for the 
quality of labor input. In other words, the 
adjustment considers the human capital 
embodied in input, tending to make labor 
heterogeneous rather than homoegneous. 
The empirical benefits of dropping the 
assumption of homogeneous labor input is 
not without the substantial cost of making 
the theory more difficult. 

The literature in human capital has 
evolved along two essentially parallel pat- 
terns. The first, exemplified by Gary 
Becker, looks at individual investment 
and attempts to estimate the internal 
rate of return to that investment by equat- 
ing properly discounted costs and returns. 
Although in theory the investments in- 
clude a variety of activities which increase 
the individual’s income stream in sub- 


* Most of this work was carried out at North Carolina 
State University and was partially supported by Na- 
tional Science Foundation Grant No. GS2391. I would 
like to express my gratitude for helpful comments to 
T. Dudley Wallace, Mary Jean Bowman, Robert 
Fearn, Loren Ihnen, Thomas Johnson, and participants 
of the Econometrics and Human Resources Workshops 
at North Carolina State University. They, of course, 
are not responsible for any errors which remain. This is 
Michigan Agricultural Experiment Station journal 
article no. 5854. 

1 For example, if both capital and labor are hetero- 
geneous the problem of aggregation, difficult to begin 
with, becomes even more difficult. See George Akerlof 

and Robert Solow. 
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sequent periods, most of the empirical 
work concerns estimating the rates of 
return to education. These studies have 
estimated rates of return to training indi- 
viduals ranging from illiterates.to candi- 
dates for Ph.D. and M.D. degrees; and 
one conclusion cannot be avoided—there 
is an economic explanation for the shape of 
life cycle earnings streams. 

A second path along which the litera- 
ture in human capital has evolved is 
exemplified by Yoram Ben-Porath (1967). 
The producer of human capital has a 
choice between producing additions to his 
stock or renting his stock in the labor 
market or both. He is assumed to make 
this choice in the process of maximizing 
his discounted future earning stream. In 
this literature, the empirical work has been 
rather meager, but not without reason. 
The principle observable phenomenon on 
which one must base verification of the 
theory is the observed income stream. 
The problem is then to deduce from the 
theory a theoretical income stream which 
can be compared to the observed.: In 
general, this cannot be done. To produce 
an income stream from theory has been an 
intractable mathematical problem. 

In what follows I will attempt to show 
the commonality between these two ap- 
proaches to human capital, and in the 
process give one possible approach which 
avoids the mathematical problem referred 
to above. Two indirect tests are given of 
the model. 


I. The Tie to Previous Work 


One of the most important tenets of 
all human capital literature is that the 
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cost of investing in oneself is measured by 
the earnings which are foregone during the 
investment period. The cost of a particu- 
lar investment can be thought of as the 
difference between what could be earned if 
the investment did not take place and the 
actual earnings during the investment 
period. In particular, if we consider an 
individual who has made no previous in- 
vestments in human capital, the cost of 
investment in period 1 (C) will be the 
earnings he could have made with his raw 
labor (X) less what he actually made in 
‘income during the period (Y;). Thus, 
C,= X—Y;. In the next period, if he con- 
tinues to invest, the cost (Cə) will be 
what he could have earned with his raw 
labor (X) plus the return to the previous 
period’s investment (7:C:) less his actual 
_ earnings (Y.). Continuing with this line of 

reasoning, the cost of investment in period 
j is (see Becker, p. 65), 


j-1 
(1) C;= X+ Dini Y; 

t=] 
Notice that if Y; were combined with C; 
on the left side, the sum Y,;+C; would 
represent the potential earning capacity 
of the individual. If Y; were put on the 
left side and C; on the right, equation (1) 
would represent earnings in period 7. The 
sequence of values {Y;} for 7=0, 1,..., 
N-would trace the earnings profile of a 
person of age N. 

Becker and Barry Chiswick (1966) and 
Chiswick (1967) modify the model of equa- 
tion (1) by defining cost in period 7 as a 
proportion of earning capacity. That is, 


* 
C; = RV; 
where 


C;=investment cost in period J 
Y*¥=Y,;+C,;=potential earning capac- 
ity in period 7 
k;= the proportion of earning capacity 
invested in period 7 
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Making the substitution for C;, equation 
(1) becomes, 


* ml * 

(2) Y; =X+ >) rk:Y; 
iml 

Now the choice variable is k;. The X and 
y; are exogenous to the individual, imply- 
ing the time path of Yj is determined by 
the choice of k; made in each period. Once 
the peth of F7 is determined, the path of 
actual earnings can be deduced from the 
relation, 


* 
(3) Y; = (1 ji k;) Y; 


since actual earnings will be that per- 
centege of earning capacity which is not 
invested. Equation (3) points out the fact 
that observed or disposable earnings is the 
proportion of earning capacity not being 
used for investment in period j. Clearly, 
the proportion of earning capacity devoted 
to investment is the choice variable from 
the ndividual’s point of view and, there- 
fore theoretical attention should be di- 
rect2d toward the determination of k; over 
the life cycle. 

pecker and Chiswick did not attempt to 
sclve the theoretical question of how k; is 
determined. With the help of an approxi- 
mazion? the closed form solution of equa- 
tion (2) is found as 


(4) VY; ~ Xe 
2 Chiswick shows that equation (2) can be written as 
* ie 
Y; =X [i + kr] 
imt 
Tašing the logarithm of both sides, 


j=l 
log Y* = log X + 2 log [1 + iri] 


toed 
Now noting that 
log (1 + kiri] œ kir: 


is true fer small 4:7;, equation (4) follows. 
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where all terms are as previously defined. 
They assume the sequence {,} to be posi- 
tive during formal education and zero af- 
terward. Figure 1 shows the shape of the 
sequence {k;} assumed by Becker and 
Chiswick. For any values of X and r, the 
time path of Y# becomes constant after 
age S; and continues that way until the 
end of the earning life cycle. Therefore, 
their rather poor empirical results were 
not due to a bad model but rather the mis- 
specification of the shape of the sequence 





S$; S Sy ware i ae N is Age 


FIGURE 1. THE SEQUENCE {h;} 


Ben-Porath (1967) developed a model in 
which the determination of a continuous 
counterpart to the sequence {k;} could be 
studied. Although a closed form expression 
for this continuous counterpart, say A(t), 
could not be derived, some of the charac- 
teristics of the function became apparent. 
Armed with this information, Thomas 
Johnson recognized the continuous formu- 
lation of equation (2) as a solvable inte- 
‘gral equation whose solution was exactly 
equal to the continuous formulation of 
equation (4).3 As with Becker and Chis- 
wick, Johnson had a functional representa- 
tion of earning capacity in terms of the 
proportion of earning capacity foregone as 


3 This simplified picture of Johnson’s work is pre- 
sented in order to show ‘how the literature developed. 
Johnson solved his equation in completely general form 
with the rate of return, proportion of earnings foregone, 
and the rate of depreciation all having a time argument 
and an argument which included the personal charac- 
teristics of the investor. 
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k(t) 
LO 





À Pak ea] 


| 
| 
| 
| 
| 
| 
S N Age 


FIGURE 2. TuE FUNCTION A(t) 


well as the rate of return and rate of depre- 
ciation.t Using the results of Ben-Porath 
(1967) referred to above, Johnson assumed 
the function k(t) had the relatively simple 
shape shown in Figure 2. Using this func- 
tional form for k(t), Johnson’s disposable 
earnings function had the requisite shape 
to articulate with observed age-earning 
profiles. Johnson’s non-linear estimation 
procedure yielded estimates that seemed 
to make sense and his equation “fit” the 
data very well indeed. Certainly his pro- 
cedure was a substantial improvement 
over Becker and Chiswick’s method. 
Notice that the function depicted in 
Figure 2 says that during forma! education 
(ages less than S) the individual will forego 
his entire earning capacity in order to in- 
vest in human capital. Immediately fol- 
lowing his formal schooling he will forego 
something less than 100 percent of his 
earning capacity for investment and, as 
time passes, this proportion will become 
smaller monotonically until, at the end of 
the earning cycle, his earning capacity and 
disposable earnings: will be equal. These 
questions might be asked then: If an indi- 
vidual chooses between investment and 
earnings according to some objective 
within a choice theoretic framework, will 
k(t) look like the one shown in Figure 2? 
Will it decline at a constant rate after age 
S? At age S, is the function k(t) discon- 
tinuous—that is, does the individual evalu- 
ate human capital additions at a lesser 


t The rate of depreciation. has not been dealt with 
here for reasons of simplicity. 
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value after S than before as would seem to 
be implied by the discontinuity in A(t) as 
shown in Figure 2? This, of course, is the 
neutrality hypothesis discussed in Ben- 
Porath (1970). 

In what follows, a model vii can give 
a theoretical answer to these questions will 
be formulated. In addition, a closed para- 
metric form solution of the age-earnings 
profile implied by the model will be given. 
The economic implications of the model 
will be discussed as well as the results of 
empirical tests. 


II. A Model of Optimal Human 
Capital Accumulation 


The model proposed here will attempt to 
` solve the problem of determining an indi- 
vidual’s optimal stock of human capital at 
any given time in the life cycle, and how it 
should be maintained over time. It will be 
assumed that the problem will be solved 
by maximizing a particular objective func- 
tion. From such a model, functions such as 
the path of human capital accumulation, 
the proportion of earning capacity fore- 
gone, and the earnings path over the life 
cycle can be derived in parametric form 
(provided the differential equations can be 
solved} .5 

Consider an individual or the typical in- 
dividual of a group with an earning ca- 
pacity of 


(5) Y*(t) 


where 


= RE(t) 


F*(t)= the individual’s earning capacity 
at t : 

R=the constant rental rate per unit 
time on the stock of human capi- 
tal 

E(t) =the total stock of human capital 
possessed by the individual age t 


5 For other efforts along these lines see Ben-Porath 
(1967), J. Ross Millar, H. Oniki, Sherwin Rosen, 
Eytan Sheshinski, and Yoram Weiss (1971b). 
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At any time t, he has the choice of renting 
all or any portion of his human capital 
stock in the labor market. 

It will be assumed here that the only 
alternative use for his human capital is 
producing more human capital accord- 
ing to: 


(6) g[K(t)] 


where 


= BK’ 


g{[Kt)| = the output of new human capi- 
tal produced in period t 
Kit)=the portion of the existing 
stock of human capital used as 
input to produce more human 
capital in period t 
B= the measure of the individual’s 
ability to produce human capi- 
tal, assumed constant over his 
life cycle 
b= the scale parameter in the pro- 
duction function and is con- 
tained in the open unit interval 


Assume, also, that capital markets are per- 
fect. The individual’s disposable earnings 
in ary period will be the difference be- 
tween his earning capacity and the cost of 
input used in the production of new human 
capital during that period. Disposable 
earnings, Y(t), will be 


(7) V(t) = V*(t) — RK(t) 


It will be assumed that the stock of human 
capital deteriorates at a constant and 
exozeneously given rate 6. The ‘human 
capizal stock will grow at a rate governed by 


(8) E(t) = 9{K(t)] — 6E(t) 


Tre choice facing this individual is quite 
clear. Since it is assumed he has no physi- 
cal assets, his income-earning capacity is 
direztly related to the size of his stock of 
human capital, which can grow only if he 
is willing to postpone part or all of his cur- 
rent earnings as the cost of growth. If it 
is assumed the individual has perfect 
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knowledge and there is no risk associated 
with his potential investment, then he will 
undertake the investment only when the 
discounted present value of the additional 
earning capacity attributable to the invest- 
ment exceeds the value of earnings post- 
poned during the investment period. Ex- 
tending this logic, the individual’s objec- 
tive would be to maximize J the present 
value of his disposable earnings over the 
life cycle; 


(9) J= Í “y (tat 


where 


N =the end of the earning life cycle 
r=the rate at which the individual 
discounts future earnings 
Y(t)=disposable earnings or the dif- 
ference between earning capacity 
and investment costs at time t 


The evolution of disposable earnings 
over the life cycle is governed by the dif- 
ferential equation (8). The general form of 
the optimization problem is to maximize 
equation (9) subject to equation (8) and 
all the boundary equations. An explicit 
representation of the boundary conditions 
are 


(10) K(t) > 0 

E(t) >0 

E(t) — K(t) > 0 
Application of Pontryagin’s Maximum 
Principle after incorporating constraints 
(10) and the initial stock of human capital, 
Eo, assures the necessary conditions for a 
unique maximum to equation (9) with 

transversality conditions, 

(11) A(N) > 0 

(12) MN) EN) = 0 
The interpretation of A(t) is that it repre- 


sents the discounted marginal value of an 
additional unit of human capital at time t 
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and, therefore, is interpreted as the indi- 
vidual’s “demand price”? for human capi- 
tal.® It seems reasonable that at the end of 
one’s earning lifetime, the marginal value 
of an additional unit of human capital for 
the purposes of generating income will be 
zero.7 This means equation (11) becomes 
an equality. 

Solving the differential equations which 
represent necessary conditions, the solu- 
tion turns out to have two stages. The rea- 
sons for this will become clear as the dis- 
cussion proceeds. In the technical jargon 
of control theory, the constraints force a 
boundary solution in the first stage whereas 
in the second stage the constraints do not 
affect the maximum thus allowing an in- 
terior solution. Both stages will be dis- 
cussed beginning with the second stage. 

In the second stage of the investment 
life cycle, the individual is producing less 
human capital than he is physically cap- 
able of producing (i.e., K(t)<H(t)). This 
means that the marginal cost of producing 
an additional unit of human capital ex- 
ceeds the discounted value of additional 
income generated over the life cycle by 
that unit of human capital. Solving for 
A(t), this discounted marginal value of 
human capital in the second stage is, 





R 
(13) A(t) = (- 


t* <t N 


) [ert = e- r+) N+! 
6 


where t* represents the beginning of stage 
two. The marginal value of human capital 
to the individual is independent of the 
quantity produced as was shown by Ben- 


6 See Kenneth Arrow. The term demand price was 
first used by Ben-Porath (1967). 

7 It can, no doubt, be effectively argued that certain 
activities which generate human capital in year N have 
some value. The values they have, however, satisfy 
utility through leisure or some other nonpecuniary 
argument in the utility function and not through the 
marginal increase in the income stream, provided year 
N is the last year in which the individual can earn in- 
come. 
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FIGURE 3. EQUILIBRIUM PRODUCTION 
OF HUMAN CAPITAL 


Porath (1967). The quantity of human 
capital produced will be determined by the 
intersection of equation. (13) with the 
marginal cost schedule shown in Figure 3. 
Over the life cycle, the marginal value of 
additional human capital decreases until 
age N, the end of the earning life cycle, 
when it is zero by assumption. Effectively, 
A(t) slides down the stationary marginal 
cost curve over the earning life of the indi- 
vidual. 

The shape of the optimal path for K(t) 
must now be determined given that pro- 
duction of human capital is determined by 
its marginal value. The optimal path of 
the human capital input to production 
over the second stage of this earning life 
cycle is: 


bg Wilts 
14) K(t)=|—— J — e+) (tN) | 1/1—b 
er ee F l 
t*<t<N 


where b and 8 are as previously defined in 
equation (6). A priori, it would be expected 
that if the marginal value of an additional 
unit of human capital is zero (see equation 
(12), none would be produced. Equation 
(14) makes this expectation explicit since 
K(N)=0. The surprising fact about equa- 
tion (14) is that after the individual stops 
specializing in the production of human 
capital (i.e., after stage one), the amount 
of capital used in the production of more 
human capital declines strictly monotoni- 
cally. 

The principal cause of the shape of K(t) 
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is the declining marginal value of an addi- 
tional unit of human capital as shown by 
equation (13). Note, however, that produc- 
tion of human capital continues, albeit at 
a diminishing rate, until the end of the 
earning life cycle. If the life cycle were 
infinits, K(t) becomes independent of t. 

It is now possible to observe the optimal 
human capital accumulation path. In order 
to display this equation a convenient 
simplifying assumption of b= 1/2 is made.® 
With this assumption the optimal path of 
human capital accumulation during stage 
two is | 





B? 
15) E(t) = Bet + ——_— 
(15) E(t) e + ie ED 
| Ô 
e e (rts) N) 
r+ 26 | 


te <i<N 


pS É a (zo = A aria] ae 
ô ô 


8? 
28(r +8) 


Multiplying equation (15) by the con- 
stant rate of return, R, the optimal path 
of earning capacity, Y*(t), is determined. 
Sukstituting equation (5) into equation 
(7), disposable earnings over the life cycle is 


(46) Y(t) = RE(t) — RK(t) 





ETE 


wh.ch, after using equations (14) and (15), 
is determined in parametric form. 


3 The equation for optimal human capital accumula- 
tior can be solved for any real number 6 contained in 
the unit interval. For all such b when b/(1—b) is an 
integer, the solution for A(t} is a finite series as in the 
case given above for 6=1/2. In the case where b/(1—b) 
is not an integer, the solution for H(t) is an infinite 
series. As long as b is contained in the unit interval the 
corvexity of E(t) remains unchanged as 6 varies, There- 
farz, using 6=1/2 only makes the problem easier with- 
oul making the results discussed below in any way less 
general. However, for certain kinds of empirical work, 
it is important that b be allowed to vary. 
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Equation (16) can be rewritten as 
(17) V(t) = [1 — &(t)]RE(t) 


where k(t) = K(t)/E(t) is the proportion 
of earning capacity foregone to make cur- 
rent investments in human capital. 

' This is precisely the function which ap- 
peared in Becker and Chiswick, Johnson, 
and Ben-Porath (1967) as discussed in Sec- 
tion I. Notice that without a specific maxi- 
mizing process such as equation (9), any 
function (or sequence in the discrete case) 
bounded above by one and below by zero 
over the life cycle, is admissible. Once the 
assumption is made that the individual 
invests in himself for the exclusive purpose 
of increasing his income, k(t) becomes tied 
to zero at the end of the earning life cycle. 
The behavioral assumption that he acts as 
if to maximize the discounted value of dis- 
posable earnings allows the determination 
of a unique function of A(t). Notice that 
k(t) is uniquely determined as a result of 
assuming the economic unit behaves ac- 
cording to well-recognized micro-economic 
principles. The actual functional form of 
k(t) is obtained for stage two by the ratio 
of equation (14) to (15). Once this ratio is 
formed, it is easily discovered that A(t) is 
a strictly monotonically decreasing func- 
tion of time. 

At this point, it becomes clear why the 
constraints force a multiple solution to the 
maximizing problem, one on the interval 
(0, t*) which is called stage one and a 
second on the interval (t*, N) which is re- 
ferred to as stage two. Using the functional 
form of &(t) defined as above on stage two 
we find that A(t) will exceed one for all 
values of t less than t* or all values of t 
contained in stage one except t*. But re- 
calling that A(t) is the proportion of the 


? At this point it may be worth reemphasizing that 
the individual has only two alternatives in this model, 
work and investment in human capital. Clearly leisure 
is a third alternative which for purposes of this paper is 
being ignored. 
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Figure 4. Ourput CONSTRAINTS WHEN MV OF AN 
ADDITION TO THE Stock EXCEEDS MC 


individual’s human capital stock used in 
the production of more human capital, it 
is physically impossible for k(t) to exceed 
one. An individual cannot use more than 
100 percent of his stock. Apparently, on 
(0, t®), the value of a marginal addition to 
the stock exceeds the cost of making that 
addition, but the input supply is fixed in 
each period and will not allow the indi- 
vidual to increase production to the point 
where the marginal cost of adding more to 
the stock equals the marginal value of the 
addition. Figure 4 shows how these con- 
straints operate. The long-run marginal 
cost (LMC) is the envelope of all short-run 
marginal cost curves (represented by MC, 
MC, MC) where it is assumed in Figure 4 
that the parameter b= 1/2. The problem is 
that in the first two periods (represented 
by the subscripts 1, 2), the marginal value 
of additions to an individual’s stock (MV; 
and MV.) exceed the marginal cost of 


these additions, but due to the fixed supply 


of stock in these two periods he cannot 
produce at the output which would equate 
these two values. He will, of course, use all 
his available stock as input in the first two 
periods, but in the third period the avail- 
ability of input is no longer a problem. The 
marginal value of additional stock has been 
declining with the passage of time (see 
equation (13)) and in the third period it 
becomes possible for the individual to ` 
equate the marginal cost of production 


wr 


2 VO 24 + RBE 
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with marginal value of the addition to his 
stock. Thus, in the third period and all 


subsequent periods, his production will be - 


constrained by cost considerations rather 
than an input fixity. The exact time that 
this switch takes place is represented by t*. 

So stage one turns out to be an instance 
of specialization in production of human 
capital since the individual will follow a 
single-minded program of investing to the 
maximum of his capabilities. He will use 
his entire stock of human capital as input 


-to the production function and forego all 


his earning capability during this time. 
This process will continue until he reaches 
the point at which the marginal cost of 
production exceeds the marginal value of 
that production and production is reduced. 
The reduced production will be observable 
as an increase ir, the amount of human 
capital the individual is willing to rent in 
the labor market. — 

It is now possible to define K(t), H(t), 
k(t), and Y(t) over the entire earning life 
cycle. This provides an opportunity to 
summarize all the important functions dis- 
cussed above. All symbols used are as pre- 


t 


6 
(19) E(t) = g? 
~~ Ot EE cease un 

l oes 25(r + ô) f 


1.0, O<t<t* 


87 


(20) R(t) = Alr + 8)? 


Bgt + = f Ti 
o | 28(r + 8). 
0.0, O<t<t 


R62(2r + 8) = 
45(r + 8)? 
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viously defined and 6=1/2. 

The path of human capital stock used to 
produce more human api over the life 
cycle is” 


Kit), OStst* 
8? 
18) K(t) = 1 — elrt5) (t-N)]2 
(18) K(t) re) e 


t*<t<N 
Recelling that 


B 2 
ps =at + (zo = =) gari] gt 
Ô 





e (rts) en | eit® 


p? 
28r +8) E pb D8 


the optimal path for total human capital 


accumulation is given by equation (19). 


The proportion of human capital devoted 
to the production of more human capital 
is given by equation (20), and the optimal 
earnings path over the life cycle is given 
by (21). 


10 An appendix of these derivations will be provided 
upon. request. 


p(en- osise 
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The model is a function of essentially 


four parameters and an initial stock of hu- ` 


man capital, which will be referred to as a 
parameter in all subsequent discussions. 
Since the rental rate, R, is essentially a 
factor of proportionality and has an un- 
ambiguous effect, the approach will be to 
discuss the other four parameters as they 
affect the capital accumulation path and 
the path of capital input. In particular, the 
effect of these four parameters on the 
length of time the individual spends spe- 
cializing in the production of human capi- 
tal and on the location of the time period 
in which the human capital accumulation 
path attains its maximum value will be 
discussed. Special attention will be given 
to K(t) and E(t) since they in turn deter- 
mine the effect of parameter variations on 
k(t) and Y(t). 

Figure 5 is a graphical picture of the 
shapes of K(t), E(t), and k(t). Notice that 
the value of E(t) and K(t) is to be read off 
the left vertical axis and the value of k(t) 
is to be read off the right vertical axis. The 
disposable earnings stream, Y(t), will be 
discussed later. 

One of the important characteristics of 
the model is the fact that t*, the point 
when the individual stops specialization in 
the production of human capital, is deter- 
mined endogenously as can be seen from 
Figure 5. Also, notice that the time when 
the stock of human capital is maximum 
occurs at tm. At time tm the rate at which 
the stock depreciates equals the rate at 
which it is being produced.!! This is not a 


u To show that the maximum occurs at tm, the first 
derivative of equation (19) on (t*, N) obtains, 


E'(t) = — Best — g(rt8)(t-W) 





2(r + 25) 


The usual procedure is to set £’(t)=0 and solve for t. 
Since the second term on the right-hand side of #’(t) is 
strictly negative for all values of t, in order for a maxi- 
mum to exist in the interior of the interval (t*, N), B 
‘ must be negative. The sign of B is not at all easy to 
establish analytically, but can be established by using 
a computer to compute B for various parameter values. 
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particularly unusual result!* and is ex- 
plained by the fact that sometime after 
specialization in production stops the de- 
preciated human capital exceeds the 
amount of newly produced human capital 
and g[k(t)| becomes less than 6£(t) mak- 
ing E(t) in equation (8) negative. The 
point in time when E(t) goes from positive 
to negative is tm. 

Since the effects of £, the ability-to-pro- 
duce parameter, and J, the initial endow- 
ment of human capital, on t* are most 
interesting, let us discuss these first. By 
noticing that during stage two of the 
life cycle, (t*, N), K(t) is independent of 
Fy, it can. be seen from Figure 5 that 
ceteris paribus, the larger one’s initial en- 
dowment of human capital, the earlier he 
will stop specializing in the production of 
human capital and begin earning positive 
income. Further, the greater the ability 
index, 8, the longer the period of specializa- 
tion, other things constant. The size ot 
one’s initial endowment and his ability to 
produce tend to operate in different direc- 
tions with respect to the length of time 
spent specializing in the production of hu- 
man capital and the outcome is not clear a 
priori. This is contrary to previous the- 
ories.}4 


This was done, and it was found that B is indeed nega- 
tive. Therefore, E(t} has a maximum value in the in- 
terior of (t*, N). 

12 See Becker (Appendix B) for a somewhat different 
view of how the stock of human capital is accumulated. 
However, he also concludes the stock path attains a | 
maximum after full time investment has stopped. 

13 See Ben-Porath (1967, p. 358). Also, Weiss (197 1a) 
criticized Mincer (1970) for assuming ability to be 
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FIGURE 6. EFFECT oF Eo AND 8 ON PRODUCTION 


The phenomenon described above can 
be shown most clearly by considering two 
individuals who are identical except in 
their ability to produce human capital as 
shown by Figure 6. Since the higher the 8 
the lower the marginal cost curve, indi- 
vidual 1, with LMC, will have a smaller 
ability index than individual 2. If the out- 
put using all the initial endowment as 
input for both individuals were ge, then in- 
dividual í would not specialize, producing 
at q, whereas individual 2 would special- 
ize, producing at qz. Clearly, the size of the 
ability index, 8, is positively related to the 
time t* when specialization stops. 

Now consider two individuals who are 
identical except for their initial endowment 
of human capital. In this case, let indi- 
vidual 1 have the smaller endowment. If 
he used it all for production, he could pro- 
duce output qı. Individual 2, on the other 
hand, could produce output q, if he used 
his entire initial endowment for produc- 
tion. If LMC, represents the long-run mar- 
ginal costs for both individuals, 1 is faced 
with a short-run factor fixity and will spe- 
cialize in production, whereas 2 will equate 
MV with LMC, at qs, an output which is 
not constrained by an input fixity. Thus, 
individual 2 will not specialize and Ep is 
negatively related to t*.14 


positively related to t*, According to Weiss’ model, 
ability can be either positive or negatively related to t*, 

4 These results are both independent of the assump- 
tion that 6=1/2 as long as b is the same between in- 


DECEMBER 1973 


The zate of discount will be inversely 
relatec to the time spent specializing. This 
result makes eminently good sense. The 
higher zhe discount rate, the less value an 
individual places on future dollars relative 
to present dollars. The individual with the 
relatively higher discount rate will be less 
inclined to forego present income for in- 
vestment purposes than would the indi- 
vidual with a relatively low discount rate. 
Therefore, if all other parameters are the 
same, the individual with the higher dis- 
count rate will stop specializing in the pro- 
duction of haman capital sooner than the 
individual with a lower discount rate. 

Finally, an increase in the rate of depre- 
ciation will decrease the length of the 
perioc of specialization. The economic 
argument here is very analogous to that 
given above for the discount rate. The 
individual will have a larger present value 
of actual earnings if he places more im- 
portance on earnings early rather than 
later in the planning horizon because a 
high depreciation rate will eat away more 
of his stock of human capital late in the 
plarning horizon than will a low deprecia- 
tion rate. Early earnings wil] be more im- 
portant in the objective function with a 
high rate of depreciation than with a low 
rate of depreciation, other things the 
same. | 

The optima] disposable earnings path 
represented by equation (21) has a shape 
which is at first increasing, then begins to 


dividuals and is not equal to one or zero. If b is not equal 
between individuals the results may not hold. 

18 analytically this proposition is not easily estab- 
lished. The difficulty is that A(t) is negatively related 
to é or. both (0, t*) and (t*, N). In Figure 5 the reader 
can imagine both segments of K(t) swinging down- 
warc, The location of t* depends on which segment has 
the larger relative shift for a given increase in the rate 
of depreciation. By computer simulation it was de- 
terrined the: the segment of K(t) on (t*, N) shifted 
down relatively more than K(t) on (0, t*) giving the 
resu.t that an increased rate of depreciation decreased 
the interval of specialization, ceteris paribus. See my 
dissertation for these and other simulation results. 
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decrease after attaining a maximum. The 
maximum of the disposable earnings path 
is attained later in the life cycle than is the 
maximum of the human capital stock.'® 

The path of proportion of earning capa- 
city foregone function k(t), is displayed in 
Figure 5. A quick comparison of this func- 
tion with the one used by Johnson repre- 
sented by Figure 2 shows some substantial 
differences. In addition to the obvious dif- 
ferences in second order properties, the 
function generated by this model shows no 
notch at t* (or S in Johnson’s terminol- 
ogy). Johnson had no theoretical reason 
for a priori assuming k(t) to be discontinu- 
ous at t*. This was simply an empirical re- 
sult which made his model fit the data 
bettér than a sectionally continuous A(t) 
implied by this model. This empirical test 
may be an illusion created by the fact that 
using the end of formal schooling as t” is 
incorrect. Possibly t* occurs substantially 
before that time and using S rather than 
the true t* causes the discontinuity. 

If, however, S is a reasonable measure of 
t*, this may be evidence of what Ben- 
Porath (1970) described as nonneutral 
human capital accumulation. Simply stated, 
it means that human capital produced 
after t* has less value, after adjustment for 
the fact that it is produced later in the life 
cycle, than that produced before t*. The 
neutrality hypothesis poses a serious ques- 
tion and it would appear that this is at 
least one way of considering it. 


16 One case in which the two paths, Y(t) and E(t), ob- 
tain maxima at the same time is when the scale pa- 
rameter b is one. When b= 1 the marginal cost schedule 
is constant and the individual will specialize as long as 
the margina] value of additional stock exceeds the 
marginal cost of production, but when the reverse is 
true, al} production stops and the individual rents his 
entire stock in the labor market. This would imply a 
k(t) that is constant at one until t* and is constant at 
zero for all t after t*. Clearly both Y(t) and E(t) would 
attain maxima at t*. Ben-Porath (1967) also observed 
this limiting behavior. 
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III. Predicted Training Costs 


The choice variable in this model is the 
function which describes the amount of 
human capital allocated to the production 
of new human capital over the life cycle, 
K(t). Clearly the cost of training will be 
the product RK(t). As such, it is of funda- 
mental importance to establish the empiri- 


‘cal validity of the shape of this function as 


predicted from the model. If the general 
shape of K(t) is found to be insupportable 
empirically, the entire model is question- 
able, since all functions were derived from 
K(t). 

The most complete work to date on em- 
pirically estimating on-the-job-training 
(OJT) costs is by Mincer (1962). Using a 
version of equation (1) which assumed the 
rates of return were equal across invest- 
ments, Mincer calculated the additional 
training costs, both forma] and OJT, asso- 
ciated with (a), the marginal decision to 
complete high school if elementary school 
has been completed, and (b) the marginal 
decision to complete college if high school 
has been completed. The procedure used to 
obtain estimates of these costs year-by- 
year was first to calculate the internal rate 
of return to each marginal decision and 
assume this rate of return represented the 
rate of return to both schooling and OJT." 

Table 1 lists all the schooling and OJT 
costs of high school and college graduates 
over the life cycle for the years 1939, 1949, 
and 1958. The underline indicates where 
schooling costs stop and OJT costs start, 
which for high school graduates is age 17, 
and for college graduates is age 21. The 
costs listed for high school graduates are 
the additional training costs incurred by 
individuals who complete high school over 
and above those incurred. by individuals 
who have completed elementary school. 

1! Mincer’s data were not designed for the sort of test 


made here, since he was interested in the total marginal 
cost of the decision rather than year-by-year marginal 


cost, 
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TABLE [—ESTIMATED MARGINAL COSTS OF SCHOOLING AND ON-THE-JOB TRAINING, 
BY AGE AND LEVEL OF SCHOOLING FOR MALES |N THE UNITED STATES 


High School 
Age 1939 1949 1958 
Í 14 388 777 1266 
~ 15 455 939 1538 
16 545 1121 1917 
17 643 1309 2338 
18 254 544 225 
19 200 538 224 
20 139 441 223 
21 148 383 222 
22 158 363 220 
23 170 329 217 
24. 169 315 214 
25 168 307 211 
26 167 293 208 
27 166 268 204 
28 159 264 209 
29 151 255 195 
30 142 225 189 
31 131 196 183 
32 118 148 175 
33 105 161 165 
34 90 154 154 
35 73 167 141 
36 54 151 126 
37 37 143 109 
38 14 149 89 
39 ae 156 67 
40 : 129 43 
Al 89 16 
42 65 ee 

43 17 


44 


Source: Mincer (1962). 


The costs listed under college graduates 
are marginal to the decision to go to col- 
lege given high school has been completed. 

The counterpart to Mincer’s estimates 
of marginal training costs would be the 
difference R,K,(t)—R.K.(t) in the_model 
presented here. The terms R, and R; are 
the rental rates of a college graduate and a 
high school graduate, respectively, and 
K,(t) and K.{t) are the respective amounts 
of human capital used in production over 
the life cycle. Notice that the above dif- 
ference measures the additional cost of 
investment associated with the marginal 
decision to complete college given high 


College 
Age 1939 1949 1958 
14 0 0 0 
15 0 0 0 
16 0 0 0 
17 0 0 0 
18 877 1881 3246 


21 1549 3304 5027 
22 535 1143 2090 
23 513 1273 2001 
24 485 1329 1902 
25 454 1335 1891 
26 420 1311 1880 
27 382 1294 1660 
28 350 1267 1528 
29 314 1260 1367 
30 274 1252 1197 
31 230 1218 1149 
32 181 1150 1096 
33 163 1075 1037 
34 143 1002 971 
35 121 884 898 
36 96 763 815 
37 68 599 719 
38 37 432 616 
39 3 228 501 
4) 47 423 
4l 17 339 
42 ie 245 
43 i 144 
44 27 


school has been completed. The marginal 
training costs will be proportional to 


(22) A(t) = Ky(t) — Kft) 


If H(t) is to predict training costs (up 
to g factor of proportionality), it should, 
in general, display properties similar to 
those displayed by Mincer’s data. The 
shave of H(t) can be mathematically de- - 
termined on the intervals (tž, tř) and 
(t?, N) where it is assumed that both 
groups stop earning at age N. On (t3, tf) 
the individuals represented by K.(t) will 
not be specializing in the production .of 
human capital, whereas the individuals 
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TABLE 2—-SUMMARY OF SIGNS ON FIRST AND SECOND DIFFERENCES BY YEAR AND BY SCHOOLING 
High School College 
School OJT School OJT 
Number Number Number Number Number Number Number Number 
positive negative positive negative positive negative positive negative 
First Differences 
1939 3 0 3 18 3 0 0 18 
1949 3 0 3 22 3 0 3 17 
1958 3 0 0 24 3 0 0 22 
Total 9 0 6 64 9 0 3 57 
Second Differences 
1939 2 0 3 13 1 i 2 15 
1949 2 0 9 15 2 0 7 12 
1958 2 0 0 16 2 0 4 17 
Total 6 0 12 44 5 1 13 44 


represented by Ki(t) are still specializing. 
On this interval, H(t) is increasing at an 
increasing rate. 

On the interval (tf, V) both groups of 
individuals have stopped specializing and 
H(t) declines at an increasing rate until 
just before year N, H(t) starts declining 
at a decreasing rate. Since the observed 
differences would become extremely small 
toward the end of the life cycle, we would 
not expect to see H(t) decline at a decreas- 


| ing rate. As can be seen from Table 1, 


Mincer did not observe differences past 
age 44,18 

Thus, this model predicts the signs on 
both first and second differences of Min- 
cer’s data. In particular it predicts that 
over the interval (t3, tř), both first and 
second differences should be positive and 
over the interval (tž, M), both first and 
second differences should be negative. In 
looking at the marginal decision to com- 
plete high school, tz, is 14 years of age and 
tf is 17. When the marginal decision to 
complete college is under consideration, tł 
is 17 and tf is 21. 


18 It is this fact that leads Ben-Porath (1970) to 
think individuals may well produce human capital in 
a nonneutral fashion. He also used Mincer’s data. 


All the signs of first and second differ- 
ences are summarized in Table 2. Over the 
interval (t%, tř), we have a total of 18 first 
differences taking both high ‘school and 
college together. All were correctly pre- 
dicted. On the interval (t¥, N) or what is 
entitled OJT, we have a total of 130 first 
differences of which 121 were correctly 
predicted. 

Again taking both high school and col- 
lege together, we have a total of 12 second 
differences on (tk, tř) or what is labeled 
school. All but one of these were correctly 
predicted. On (t*, M) there are 113 second 


differences of which 88 were correctly pre- 


dicted. Taken individually, in 1949 the 
null hypothesis that the signs of second 
differences on (t¥, N) were random could 
not be rejected by a standard chi-square 
test. In all other cases this null hypothesis 
was rejected. 


IV. Variations in the Period 
of Specialization 


One of the important numbers produced 
by this model from a given combination of 
parameter values is the time, t*, when an 
individual stops specializing in the produc- 
tion of human capital and begins renting 
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part of his stock in the labor market. Tra- 
ditionally, empirical studies have taken 
this number to be the time when an indi- 
vidual completes fcrmal schooling. In this 
model, however, t* is interpreted as being 
the point in time in the investor’s life cycle 
when he ceases to devote 100 percent of his 
time to the production of human capital. 
One observation that can be made from 
the model is that when specialization stops, 
training does not stop but continues ata 
decreasing rate. An individual who does 
not find it optimal to specialize, even if he 


is in school, will search for work which can 


accommodate his investment activities and 

yield income. The question then becomes 
one of who will shorten the period of spe- 
cialization by beginning to participate in 
the labor force. 

To get at this question in a way which 
will test the model we must make some 
assumptions. The groups used to make the 
tesi are white and nonwhite teenagers be- 
tween 14 and 19 who are attending high 
school.!® The assumptions made are that 
the rate at which human capital depreci- 
ates, the rate at which future income is dis- 
counted, and the ability to produce is the 
same on average across any race, sex, or 
age stratification of teenagers attending 
school. In other words, in our model, r, ô, 
and 6 are assumed to be about equal across 
any race, sex, or age stratification on 
average.” 

With this assumption, the distinctive 
feature between or within stratifications 
will be differences in the initial endowment 
of human capital. One’s initial endowment 
is a single number which summarizes a 
number of principle components. It is 
argued here that two such principle com- 


19 Notice that dropouts are not included. 

2° The existence of market imperfections in the in- 
vestment market may create problems with this as- 
sumption if they are directed at 4 particular subset of 
the population. The empirical evidence is not clear cut 
on this point. 
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ponents which are very important are fam- 
ily income and family size. Surely there are 
other environmental effects which are im-: 
portart, but our attention will be directed 
to these two for the test which follows. 

The individual’s initial stock, in a sense, 
determines his relative protagonism to- 
ward ais stock of human capita]. The more 
conducive is his environment to producing 
human capital, the larger will be Æo. Fam- 
ily income influences several variables 
whick might create an environment rela- 
tively helpful in the production of human 
capital. Such things as space, privacy, cul- 
tural activities, and relatively well-edu- 
catec parents would be more likely to be 
present in relatively high income families, 
and would be associated with a more con- 
ducive environment to produce human 
capital. 

A relatively large family, on the other 
hard, would tend to compete with many 
ot these things as well as with the time 
parents could spend giving an individual 
personal attention. Family size would, 
therefore, tend to have a negative influ- 
ence on Eo. It seems, however, that since 
family income can substitute for many of 
the negative effects of family size, income 
weuld be the more reliable indicator of the 
size of Æo. Certainly it would be expected 
that the higher the family income, the less 
important the family size. 

The model proposed here predicts that 
other things constant, the larger one’s 
inizial endowment of human capital, the 
socner will he stop specializing in the pro- 
duction of human capital. Translated into 
the variables described above, the larger 
on2’s family income is or the smaller one’s 
family size is, the sooner he will begin par- 
ticipating in the labor force. 

Since black families tend to be larger 
than white families and have smaller in- 
ccmes, we would expect to see a smaller 
percentage of black teenagers who are at- 
tending school participating in the labor 
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TABLE 3—TuHe AVERAGE LABOR FORCE PARTICIPATION 
RATE OF TEENAGERS, ENROLLED IN SCHOOL, BY 
AGE, COLOR, AND SEX 


Whites Nonwhites 
Age Male Female Male Female 
14 13.425 5.234 7.576 3.112 
15 17.314 7,398 10.550 4.079 
16 27.016 14.794 16.087 6.887 
17 37.840 24.747 21.663 12.325 
18 43.797 33.476 33.870 23.324 
19 48.408 41.545 40,547 31.713 


Source: Eearn. 


force at any given age.” Table 3 shows 
data taken from Robert Fearn which does 
tend to confirm our hypothesis. 

However, this test is not a particularly 
strong one because the rate of unemploy- 
ment among black teenagers is relatively 
high. It may be that the high rate of unem- 
ployment forces black teenage students to 
continue specialization involuntarily. To 
get around the problem we can look at 
Fearn’s regressions which adjust for unem- 
ployment and wage rates as well as family 
size and income. We can no longer make 
across strata comparisons, but it still 
should be true that within a particular age, 
sex, race category, income should be posi- 
tively related and family size negatively 
related to labor force participation. 

Table 4 summarizes these regressions 
and we find that our hypothesis is still 
true among nonwhites, but not among 
whites. As pointed out above, it is sus- 
pected that family income wil become 
more important than family size as income 
increases. Further, it is also suspected that 
at constant family income, as family size 
increases its effect will become more im- 
portant. Given that nonwhites have larger 


21 The average white family had 1.27 children under 
age 18 whereas the average Negro family had 1.80, in 
1969. Only 8.9 percent of white families had a female 
head whereas 28.6 percent of Negro families- were 
headed by a female. See U.S. Bureau of Census (Table 
45,-p. 38). 
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TABLE 4—THE SIGNS OF REGRESSION COEFFICIENTS 
ON FAMILY Income (FI) Anp Famity Size (FS) 
By CoLor, SEX, AND AGE 














White Nonwhite 

Male Female Male Female 

Age FI FS FI FS FI FS -FI FS 
le + + + P a - = 
15 aes oa + + qe Gt + 
16 ae ae + + = Se a == 
17 = Se + + a T 
18 + + e ae + - Se o 
19 a i 6 > + + + a E 


Source: Fearn. 
3 Labor force participation rate is the dependent 
variable. 


families and smaller incomes than whites, 
it is to be expected that family size would 
be more important in determining the 
length of the period of specialization of 
nonwhites. For this reason, it would seem 
that the negative effect of family size on 
labor force participation rates among non- 
whites is not spurious, 


Y. Conclusions . 

At the end of Section I in this paper, a 
number of questions were asked about the 
shape of &(t) over the life cycle if the indi- 
vidual chose k(t) within some choice the- 
oretic framework as it would appear he 
must do. From the model presented in Sec- 
tion II, a particular k(t) is implied which 
does not demonstrate all the characteristics 
shown in Figure 2. Although k(t) is equal 
to one in the beginning of the life cycle 
and declines after specialization stops, the 
resemblance ends there. The function de- 
scribing the proportion of human capital 
allocated to production in the model pre- 
sented here neither has a notch at the time 
specialization stops nor does it decline at a 


‘constant rate. Rather, there is a fairly 


smooth transition from specialization to 
nonspecialization and during the period of 
nonspecialization, k(t) declines first at an 
increasing rate, then at a decreasing rate. 
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The shape of k(t) is determined by the 
way which the individual allocates his 
stock of human capital between produc- 
tion and earning. This process is described 
by the function K(t). Empirical evidence 
indicates that the shape of training costs 
marginal to the next best alternative are 
predicted reasonably well. Since these 
marginal costs depend on the shape of K(t) 
quite directly, possibly the model describes 
the process at least in gross sense. 

A second test was carried out on the im- 
portant question of how investors react to 
a change in the initial endowment of hu- 
man capital as measured by the proxy vari- 
ables of family income and family size. The 
results indicate that investors do tend to 
spend less time specializing in production 
as the initial stock gets larger, other things 
the same. This result indicates that taking 
the time when formal schooling ends as the 
time when specialization stops may not be 
entirely accurate in the case of high school 
and college graduates.” 
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Inherent Advantage, Costs, and Resource 
Allocation in the Transportation Industry 


By ROSALIND S. SENECA* 


The interpretation of the term “inherent 
advantage” when applied to competing 
modes of transportation has been the sub- 
ject of some controversy. It first appears 
in the Declaration of National Transporta- 
tion Policy (VTP) in the Transportation 
Act of 1940 which states that the regula- 
tory authorities (Congress, the Commis- 
sions, and the Courts) should ensure that 
traffic is allocated between modes in such 
a way as to “recognize and preserve the 
inherent advantages of each,” and should 
also prevent “destructive competition” 
between modes. The terms inherent ad- 
vantage and destructive competition are 
not defined in the Declaration. However, 
in an amendment to the rules of rate mak- 
ing which appears as Section 15 a(3), the 
Interstate Commerce Act states that 
“rates of a carrier shall not be held up to a 
particular level to protect the traffic of any 
other mode of transportation, giving due 
consideration to the objectives of the Na- 
tional Transportation Policy.” 

A study of the interpretation of the law 
by the Interstate Commerce Commission 
(ICC) reveals that the [CC has tended to 
interpret inherent advantage to mean low- 
est average cost, and has sometimes pre- 
vented modes with low marginal costs from 
lowering prices to the marginal cost floor 
when this would divert traffic from the 


* Assistant professor of economics, Hunter College of 
the City University of New York. This paper is taken 
from a dissertation completed at the University of 
Pennsylvania. I should like to thank O. E. Williamson, 
C. Caton, J. J. Seneca, G. D. N. Worswick, P. David- 
son, D. F. Bradford, and the referee for helpful com- 
ments, 
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mode with the lowest average cost (see 
Robert Harbeson). The [CC has also ac- 
cepted the argument that in determining 
the price to be charged by any one mode, 
the costs of that mode alone should be re- 
ferred to, the costs of the competing modes 
being irrelevant. 

Economists define destructive competi- 
tion as occurring only when one mode at- 
tempts to capture the traffic of a competi- 
tor by pricing below marginal cost, and 
some maintain that, being an irrational 
market strategy, destructive competition 
is unlikely to occur (see for example John 
McGee).! However, the [CC has evidently 
been concerned with preventing the demise 
of any existing mode, and the tendency has 
been to interpret as destructive competi- 
tion any price policy of a competitor which 
diverts traffic away from the mode with the 
lowest average cost.” Indeed, the equity 
issue of the survival of competing modes 
has played an important part in the deci- 
sions of the regulatory authorities (see 
Ronald Coase). l 

In the theoretical literature the question 
of the determination of the optimal alloca- 
tion of trafic between transportation 
modes has been dominated by the marginal 


- cost pricing controversy. A policy of set- 
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ting rates equal to marginal costs has been 


1 Sydney Weintraub, p. 193, presents contrary argu- 
ment. 

2 An important recent example is the Ingot Molds 
case in which the Supreme Court decided rot to allow 
the railroads to reduce their rates for carrying Ingot 
Molds to equal that of the barges, a strategy which 
would enable the railroads to compete for the traffic. 
The barge average cost was below that of the railroads, 
but the railroads had the lower marginal cost. 


946 THE AMERICAN ECONOMIC REVIEW 


supported on the grounds that it possesses 
attractive efficiency properties (restated 
in a recent article by William Baumol and 
David Bradford). The main objections to 
such g policy have been 1) that second best 
considerations destroy its theoretical justi- 
fication; 2) that where decreasing costs 
prevail and prices are set equal to mar- 
ginal costs total costs will not be covered; 
and 3) that the difficulty of estimating 
marginal cost makes the practical opera- 
tion of a marginal cost pricing policy in- 
feasible. 

An examination of the testimony pre- 
sented by several leading economists in the 
current JCC investigation into “Cost 
Standards in Intermodal Rate Proceed- 
ings” reveals continuing differences on this 
subject. While there is agreement that the 
function of regulation under the concept of 
inherent advantage is to permit an alloca- 
tion of traffic between modes which mini- 
mizes the total cost of providing transpor- 
tation service (indeed ‘‘safe, adequate, 
economical and efficient service’ was a 
stated goal in the NTP) separate argu- 
ments are made in favor of allocating 
traic 1) to the mode with the lowest 
“long-run variable cost” (Baumol, 1970); 
2) to the mode with the lowest “long-run 
incremental cost” (Leon Moses); 3) to the 
mode with the lowest “out-of-pocket cost” 
(Merton Peck). Peck defines out-of-pocket 
cost as long-run variable cost, but the term 
has also been defined elsewhere as meaning 
“short-run marginal cost” (George Borts). 

However Borts alone makes explicit the 
following important point: namely that 
there is a serious deficiency in the use of 
marginal costs to allocate traffic among 
competing modes, a deficiency which arises 
because of the failure to take account of 
differences between the total costs of com- 
peting modes. Allocating traffic to the 
mode with the lowest long-run marginal 
cost will not necessarily minimize the total 
cost of providing the service. 
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The purpose of this paper is to provide 
a further clarification of these issues. In 
Section I a model is presented for deter- 
mining the optimal allocation of traffic 
between two competing modes, where the 
objective is to minimize the total costs of 
transporting a fixed amount of a single 
commodity between two points. The role 
and importance of total and marginal costs 
in attaining a solution to the cost-mini- 
mizazion problem is identified. An efficient 
allocazion of resources can only be found 
by considering the transportation industry 
as a whole, the cost curves for all modes 
and the total demand for transportation, 
and zot by looking at cost and demand 
relationships for each mode separately. In 
Section IT an extension of the model is indi- 
cated for consideration of the question of 
optimal price policy when demand for 
transportation is not perfectly inelastic 
but represented as a downward-sloping 
schedule, and also when a profit constraint 
is imposed for the industry. Section III 
contains the conclusions which can be 
drawn from the models. 


I 
Model 1 


Assume that the transportation industry 
consists of two modes of transportation 
bozh operating between the same two geo- 
graphic points. Assume further that the 
cost characteristics of a transportation 
mode can be put in one of two categories:? 


Category I: The mode operates with short- 
lived facilities and highly flexible organiza- 
tion. This means all short-run fixed costs 
are of a transitory nature and can be 
transformed quickly into incremental costs. 
Long-run marginal costs include incre- 
mental capacity costs and tend to be in- 
creasing over the relevant range. (The 


3 See for example Baumol et al. for a fuller analysis of 
=ransportation costs. 
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trucking industry might fall into this cate- 
gory.) 


Category IT: The technology of the mode is 
characterized by large amounts of sunk 
physical investments in long-lived facilities 
which are not generally transferable to 
other uses without great loss. This is typi- 
cal of the railroads. The result is that, 
while some capacity costs (e.g. deprecia- 
tion, cost of capital) should be included in 
long-run marginal costs, an indefinitely 
long-term view of incremental costs is not 
appropriate, and a large proportion of 
fixed costs may be expected to remain fixed 
over any contemplated planning horizon. 
Long-run marginal costs therefore tend to 
be decreasing over the relevant output 
range.‘ 


* There is disagreement over the question of whether 
or not the railroads in fact operate on the declining 
portion of their long-run marginal cost curve. Moses 


Suppose now that there is one commod 
ity, X, to be carried and the demand for X 
is unresponsive to price changes and fixed 
at a given level X. The objective is to 
minimize the total cost of transporting X 
between two points and to determine how 
much of X should optimally be carried by 
mode 1 and how much by mode 2.° : 


Case 1: Consider first the case in which 
both modes fall into Category I. Then the 
long-run marginal cost curves of mode 1 
and mode 2 can be represented by the in- 
creasing curves MC, and MC, in Figure 1. 
Suppose X < X* then the total cost of load- 
ing X onto mode 2, shown by area OSRX* 


and J. R. Meyer et al. suggest that the railroads do 
operate under increasing returns. Borts disputes this. 

5 A formal presentation of the following models is 
made in the Appendix to this paper in which necessary 
and sufficient conditions for cost minimization are given 
for those cases presented in the text. 
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is less than the total cost of loading X onto 
-= mode 1, shown by area OPOX*.§ All of X 
should be carried by mode 2, mode 1 is not 
activated. Note also that for ¥<X*, 
MC.<MC,. Tf X exceeds X*, the total 
transportation cost can be minimized by 
‘activating mode 1 and sharing the com- 
modity between the modes. Now the share 
of X to be carried by each mode is deter- 
mined such that MC, and MC, are equal, 
and is found in the following way. Starting 
from point R the marginal cost curves 
MC, and MC, are added horizontally to 
derive the curve labelled Xy (MC,+MC;) 
in Figure 1, where > y denotes “horizontal 
sum.” This summed MC curve measures 
the opportunity cost of carrying each level 
of X. For example, where X equals X’ the 
opportunity cost of carrying X’ is given by 
C on the summed curve. At the level C the 
marginal costs for each mode are equal, at 
A for mode 1 and at B for mode 2. The 
share of X’ carried by mode 1 is X/ and 
the share carried by mode 2 is X¢. Note 
that for different levels of demand the 
optimal division of X between the two 
modes changes. Whether one or both 


modes should be used does not therefore - 


depend wholly on their cost curves but 
alsc on the scale of demand. 


Case 2: Consider now a second case in 
which both modes fall into Category II. 
Both modes have decreasing long-run mar- 
ginal cost curves, MC, and MC, in Figure 
2. Suppose X is to be carried. At X, MC: 
lies below MC. However this does not 
necessarily mean that X should all be car- 
ried on mode 2, since, for lower values of X, 
a portion of the MC, curve lies above the 
MC, curve. Only a comparison of the areas 
under the curves, i.e., of total costs, can 
determine whether X should be carried on 


€ Since all relevant costs are considered variable in 
the long run, the area under the marginal cost curve at 
any output level is a correct measure of the total cost of 
transporting that level of output. 
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Figure 2 


mode 1 or mode 2. Also in this case the 
commodity will never be divided between 
the modes, regardless of the value of X, 
but will always be carried by one mode 
alone. For example at X in Figure 2, TC; 
is less than TC. (where TC= total cost), 
and so all of X will be carried by mode 1. 
When X* is to be carried, TC; is just less 
than TC, and so all the commodity will be 
carrizd by mode 2. Because both cost 
curves are decreasing, it is never efficient 
to shift small amounts of the commodity 
between the modes since the lower costs 
can only be taken advantage of if large 
amounts are carried. The opposite of this 
is trae in Case 1 where small amounts can 
be carried at lower cost than large amounts. 


Case 3: Assume now that mode 1 has an 
increasing long-run marginal cost curve 
and mode 2 a long-run marginal cost curve 
which decreases and asymptotically ap- 
proaches a constant level above zero. As- 
sume further that MC, decreases at a 
slower rate than MC; increases (see Figure 
3). Suppose the fixed demand is relatively 
small. If X<X. then TCG <TC, since 
Ae<A,. When mode 1 carries X, its mar- 
ginal cost is just equal by construction to 
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the marginal cost on mode 2 at the vertical 
axis. Therefore, for any X >X., the total 
transportation cost can be minimized by 
activating the second mode and taking 
_ advantage of the fact that its marginal 
cost decreases by allocating to it an in- 
creasing share of X. Note that in this case 
it is cost minimizing to start sharing the 
commodity between the modes at a lower 
value of X than that at which TCy= TC), 
i.e., before X reaches that level at which 
A= Ás. 

Now the share of X to be carried by each 
mode is determined such that MC, and 
MC, are equal and is found by adding the 
curves MC, and MC, horizontally, starting 
from point X, to derive the forward slop- 
ing curve labelled Soy (MC,4+MC,) in 
Figure 3. As before, this summed MC 
curve measures the opportunity cost of 
carrying each level of X. If X= X’ in Fig- 


ure 3 the opportunity cost of carrying X’ 
is given by C on the summed curve, and 
the share of X’ to be carried by modes 1 
and 2 equals Xj and Xz, respectively, 
since these amounts can be carried at equal 
marginal cost. Further inspection of Fig- 
ure 3 shows that the nearer the value X 
is to X; the larger the share of commodity 
loaded onto mode 2, the smaller the share 
loaded onto mode 1 and the lower the 
marginal cost of transporting the com- 
modity. If X exceeds X; then only X; is 
loaded onto mode 1 and all the rest onto 
mode 2, since additional quantities of 
commodity can be loaded onto mode 2 at 
constant marginal cost. The composite 
curve WX YZ therefore measures the mar- 
ginal cost of carrying the commodity at 
every level of X. ! 


For the case in which the marginal cost 


950 THE AMERICAN ECONOMIC REVIEW 





DECEMBER 1973 


MC, 


D 


A d 


ri 


/ 
A D(MC,+ MC,) 
YH. 


oe ME 





a 
XX3 


FIGURE 4 


curve for mode 1 increases at a slower rate 
than the marginal cost curve for mode 2 
decreases the summed MC curve is back- 
ward sloping (see Figure 4). For low values 
of X the total transportation cost is mini- 
mized by using mode 1 alone. However 
there is a value for X, say X’, at which the 
area under the MC, curve is precisely equal 
to the area under the MC, curve, i.e., Ai 
=A,;. At higher output levels 42> A, and 
hence at X’ all of the commodity should 
be shifted onto mode 2. This point occurs 
before the marginal cost of carrying one 
extra unit of commodity by mode 1 equals 
the marginal cost of carrying the first unit 
of commodity by mode 2, point D in Fig- 
ure 4. Further we can say that at no point 
is the backward-bending part of the 
summed MC curve used to determine the 
amounts of commodity carried by each 


mode. The marginal cost of transporting 
each level of X is shown by the discontinu- 
ous curve ECFG, the discontinuity oc- 
curring as mode 2 is brought into opera- 
tion at X’. 


II 
Model 2 


In this section the model is extended: 
the essumption that the demand for trans- 
portation is fixed and unresponsive to price 
changes is dropped and the model rede- 
fined using a downward sloping demand 
schedule for transportation. 

Assume that the transportation indus- 
try consists of two modes with the same 
cost characteristics as described in Case 3 
above. A single firm’s demand curve for 
transportation is derived from the demand 
for the commodity produced by the firm. 
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A firm requires transportation for the com- 
modity between two points and this trans- 
portation requirement therefore appears as 
an input in the firm’s production function. 
From the proft-maximizing calculation of 
the firm we can derive its demand curve for 
transportation, and, assuming perfect com- 
petition, we can express the total demand 
for transportation by all firms in an in- 
dustry as P=G(X), where P=price of 
transportation and X=the number of 
units of commodity to be transported.’ 
The demand curve is shown as DD in Fig- 
ure 5. 

7 Note that although there are two modes the de- 
mand for transportation depends on a single trans- 
portation price. The underlying assumption is that in- 


dustry considers the two modes to be perfect substi- 
tutes and so will always choose the lowest priced mode. 
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Now the objective is to maximize the 
social welfare derived from the productive 
activity of the transportation industry. We 
shall use the conventional partial equilib- 
rium social welfare function whereby if it 
is assumed that all of the optimum condi- 
tions of production and exchange are satis- 
fied elsewhere in the economy, social bene- 
fit (SB) is given by total revenue (TR) plus 
consumers’ surplus (CS), and social- cost 
(SC) is separable into total pecuniary cost 
less intramarginal rent. Assuming that all 
factors are available to each mode in com- 
pletely elastic supply, intramarginal rents 
will be zero and the net welfare gain is: 


W=SB-—-SC=TR+S-—TC 


The necessary conditions for maximiz- 
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ing W are found to be P=MC\=MCi, 
i:e., the total amount of commodity car- 
ried, and the division of the commodity 
between each mode are determined such 
that price equals the marginal cost of 
carrying the commodity on each mode.’ 

Using the cost curves MC, and MC, de- 
scribed in Figure 3 we know that the com- 
posite curve WXYZ measures the mar- 
ginal opportunity cost of carrying each 
different amount of commodity. We now 
introduce the downward-sloping demand 
schedule DD and observe that it intersects 
the composite cost curve at three points— 
A, B, and C in Figure 5. Thus, one of three 
prices could be charged. If P4 were charged, 
Xa would be demanded and only mode 1 
would be activated. If Pz were charged, 
Xp, would be demanded; mode 1 would 
carry X pı and mode 2 would carry X sz. If 
Pe were charged Xc would be demanded; 
mode 1 would carry Xc and the rest would 
be carried by mode 2. 

Of all three points A, B, and C, that 
price is chosen which yields the largest 
value ot W. This can only be found by com- 
paring the appropriate areas under the 
demand and cost curves. Once again 
reference to marginal costs alone is in- 
sufficient for determining the optimal 


8 Let C:(X1)=the long-run total cost function of 
mode | 

Co(X2)=the long-run total cost function of 
mode 2 

where X;=amount of commodity carried by mode 


and X:=amount of commodity carried by 


mode 2 
The objective is to maximize 


W = f” coax — C(X1) — CX); 





X =X, +X: 
The necessary conditions for a maximum are 
aw acy 
ox, = P— ax, == 
oW S dCo a, 
aXe OXe 


Hence P= MC, =MC, 
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price and allocation of commodity be- 
tween modes, total costs must be re- 
ferred to in the solution. 


Model 3 


Suppose now that the condition is made 
that tke total revenues received by the 
transzcrtation industry as a whole must 
exceec the total costs of the industry by 
some fixed amount M, ie., TR-TC=M. 
The cbhjective is now to maximize social 
welfare (W) subject to the constraint 
TR~TC—M=0. The necessary condi- 
tions for a maximum are found to be: 


P MC, À 1 
P 1—-) E 
l MC, A 1 


P -NE 


where E=(P/X)(dX/dP) is the elasticity 
of demand for transportation, and N is a 
multiplier reflecting the cost or reduction 
in welfare resulting from the presence of 
the break-even constraint.? 

These conditions are identical to those 
derived by Baumol and Bradford and 
simply show that in this single commodity 
model when a profit constraint is present 
the cptimal price should exceed marginal 
cost 5y an amount proportional to the in- 
verse of the elasticity of demand. Thus, 
wher: the elasticity of demand is high price 
will exceed marginal cost by less than 
when the elasticity of demand is low. The 
conditions also imply that the quantities of 
commodity carried by each mode must be 


° The objective is to maximize W= f,¥ G(X)dX 
—C(X)) —Co{X2) subject to: TR-—-TC-—-M=PX 
—C.(X1) —Co(X2) —M=O0 
The maximization calculation yields 


P — MC, =d\|MR — MC] 
P — MC, = A[MR — MCa] 


where MR (marginal revenue) = P4-X (dP /d X) 
subs:itution of E= (P/X)(dX /dP) into these expressions 
yields the necessary conditions stated in the text. 
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such that the marginal costs of each mode 
are equal. 


HI. Conclusions 


Consider first the problem of cost. From 
the models presented above it is clear 
that where a fixed amount of transporta- 
tion service is to be allocated between 
two modes, it is total cost and not marginal 
cost which must be the basis of rational 
allocation. Moreover any change in total 
demand means that the optimal share of 
commodity to be carried by each mode will 
change, since a change in demand involves 
a whole new solution to the cost-minimiza- 
tion problem. It is possible that small 
changes in demand could be dealt with 
by comparing marginal costs and allocat- 
ing the extra commodity to the mode with 
the lowest marginal cost at the point of 
the previous solution. Also it would be 
possible to discover a misallocation of 
resources if differences were observed in 
marginal costs. However, if there were 
substantial changes in demand a simple 
comparison of marginal costs would not 
lead to the correct solution. 

The question of inherent advantage 
should be discussed in the light of these 
conclusions. If, by preserving the inherent 
advantage of each mode, Congress is in 
fact attempting to ensure that transporta- 
tion services are provided at minimum 
cost, then it is the cost structure of the 
industry as a whole which must be con- 
sidered and not the cost curves of each 
mode in isolation. The question of which 
mode should carry the traffic cannot be 
answered in simple terms. It makes no 
sense to suggest that one mode has an 
inherent advantage and should therefore 
carry the traffic unless this is the solution 
obtained from the cost minimization prob- 
lem at the specified level of demand. 

It should be noted here that the cost 
evidence typically used by the ICC in 
making decisions in contested rate cases 


consists of a single cost figure for each 
mode (usually fully distributed costs, 


sometimes marginal cost) calculated at the 


current output level. The models make 
it clear that at least some evidence of 
how costs change with respect to the 
quantity of transportation provided would 
be a step towards better decision making. 

In Model 2 a downward-sloping demand 
schedule for transportation was intro- 
duced. The maximization of social welzare 
results in a single optimal price for trans- 
portation to be charged by both modes and 
equal to the marginal cost of each made. 
As before, information about total costs 
is needed to find the optimal solution, and, 
as before, any change in demand will 
change the optimal division of commodi- 
ties between the modes and the optimal 
price. 

Consider now the second best solution 
to the welfare-maximization problem in 
which each mode must at least break even, 
or make a positive profit. Congress has 
traditionally been concerned with the need 
to preserve competitive practices in the 
transportation industry. Both the 1940 
Transportation Act and also Section 15 
a(3) stress the goal of efficiency and the 
need to preserve competition to ensure the 
achievement of the efficiency objective. 
However, it is clear from recent [CC 
policy that the interpretation of Con- 
gressional intent has resulted in an at- 
tempt to protect competitors from the 
inevitable effects of competition, and the 
refusal to allow price reductions, other- 


10 For example, in the Ingot Molds case the barges 
declared their fully distributed cost to be $5.1959 per 
gross ton. The railroads declared their out-of-pocket 
cost to be $4.689 per gross ton and presented several 


. different calculations of fully distributed cost ranging 


from $7.80 per gross ton to $6.613 per gross ton. It is not 
my intention to comment here on the usefulness of fully 
distributed cost as a cost measure, merely to point out 
that unless long-run average cost is constant for every 
level of output, a single cost figure measured at the cur- 
rent output level is an insufficient guide to the shape of 
the total cost function. 
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wise justifiable on efficiency grounds, 
which threaten at least the profits and 


possibly the existence of a competing 


mode. Since the desire to protect com- 
petitors often conflicts with the objective 
of achieving efficiency through competi- 
tion, a decision by Congress to preserve 
the existence of competitors cannot be 
explained on rational economic grounds 
alone, and must therefore be accepted as 
‘part of some social preference function 
which is revealed in the actions of Con- 
gress and the JCC. While the economist 
may not be expected to explain the social 
preferences behind Congressional action, 
he can clarify the cost society incurs by 
attempting to preserve the existence of 
all competing modes. 

In Model 3, the value of the multiplier 
can be interpreted in the following way. 
Suppose that the initial situation is an 
ideal one in which all prices in the economy 
are set equal to marginal costs. The de- 
creasing cost mode is therefore making a 
loss but is being subsidized by the govern- 
ment using a system of lump sum taxes 
and transfers which does not distort margi- 
nal relationships. When the profit con- 
straint (TR—TC= M) is imposed on the 
industry the price of transportation rises 
and the quantity provided decreases. The 
multiplier A is the dollar value which 
buyers of transportation would put on a 
one dollar reduction in the size of M. It is 
the price which transportation consumers 
would pay to be able to return to the 
initial situation. In this sense A measures 
the social welfare loss incurred by insisting 
that the industry as a whole make a 
profit. Presumably, a change in the profit 
level required for either or both modes 
will affect the price and quantity carried 
by both modes. In particular, an increase 
in the profit constraint for the increasing 
cost mode would increase the quasi-opti- 
mal price and decrease the quantity carried 


7 
t 
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by all modes (since the demand curve is 
downward sloping). Moreover it would 
also tend to reduce the share of traffic 
carried by the decreasing cost mode, since, 
when the quantity of traffic to be carried is 
large, & greater proportion will be carried 
by the decreasing cost mode, but when 
the quantity is small the increasing cost 
mode will carry most of it. 

Note that if the initial situation is one 
in which the existence of decreasing costs 
has led to subsidization or monopoly 
pricing which distorts the allocation of 
resources away from the Pareto optimal 
allocation then social welfare losses are 
alreacy being incurred. In this case the 
introcuction of a break-even constraint on 
the decreasing cost industry might reduce 
wel-aze losses. Certainly the conditions for 
constrained welfare maximization derived 
by Eaumol and Bradford yield a price 
which is less distorting than that which 
would be charged by a profit-maximizing 
monopolist. 


APPENDIX 


Fcrmally, the cost-minimization problem 
can be expressed as follows: 


Let 2'\(X1) = the long-run total cost function 
of mode I 

Let C,(X2) = the long-run total cost function 
of mode 2 

where X ,;=amount of commodity carried by 
mode i 

and X9=amount of commodity carried by 
mode 2 


Then the objective is to minimize 


(1) CX) + CX) 
subject to: X+ X% =X 
Lez 


f(%1, X) = (X) + Co(X2) 
= Ci(Xy) F Ca( X pe Xi) 


Now f(X, X) can be expressed as 
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D KZ, Ð= Í MCi(u)dy 

3 ` 


5 X—-X1 
+ f MC2(u) dp 
0 


Given Y, the conditions for finding that 
value of x 1, (%1), which minimizes f(X1, X) 
can be derived as follows (note that these 
conditions will only indicate a local mini- 
mum). 

There are three possible types of solution: 


1. If X,=0, then we must have 
D fE X) = 

MCi(X1) — MC.(X — ) > 0 
where 


f(t, X) = 
a dX; 
but if ı=0 and f'(Ñ,)=0 then we must 
have 











` Wit ? aMC, gs 
(4) P(X, X) = (X) 
Xı 
dMCa _ 
dX, 
where 
Ae eo d?f 
“(Xu X = p 
PAD = 


2. If0<X1<X, then we must have both 
F(R, X) =0 and F(R, X) > 0 
3. If =X, then we must have f’(Xi, X) <0. 


If Xy=X and f'(X1, X)=0, then we must 


have f” (Ñ, X)>0. 


To illustrate the meaning of these conditions 
consider the case shown in Figure 3. 

Suppose X = X in Figure 3. Then it is true 
that 0< Ñı< X; in other words, both X; and 
Xə are positive and both modes are in opera- 
tion. 
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From point 2 above the following condi- 
tions must be fulfilled: 


(5) (Xs, X) = 
MC) — MCAX — f) =0 








and 

(6) (Ru X) = 
E (hh) + =~ x) >0 
dX: 1 1 


Condition (£) is nothing more than the equal 
marginal cost condition. For condition (6) to 
hold we must have 


aMC, 
aX, 


since dMC2/dXi(X Xis negative. In other 
words, the marginal cost curve of mode 1 
must be increasing at a faster rate than the 
marginal cost curve of mode 2 is decreasing; 
the summed marginal cost curve is forward 
sloping as shown in Figure 3. 

Now consider the case shown in Figure 4, 
Suppose X<X’ in Figure 4. Then it is true 
that Ñ= X, therefore we must have f’(X1, X) 
<0 (from point 3 above), i.e., 


MCX) < MCAX — £.) 


As Figure 4 is drawn there is no internal solu- 
tion for X;. Therefore either Ñ, = 0, or X= X, 
and it will not be the case that F(X, X)>0. 

Further examination of Figures 1 and 2 
will show that these cases can also be in- 
terpreted using the above conditions for a 
local minimum. 
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Optimal Restrictions on Foreign Trade 
and Investment: Note 


By RAVEENDRA N. Batra* 


Optimal policy in the presence of interna- 
tional trade and investment, which has been 
previously analyzed by Murray Kemp and 
Ronald Jones (1967) in the context of a two- 
factor, two-good general equilibrium model, 
constitutes the subject of analysis in a recent 
article in this Review by Franz Gehrels. 
Gehrels’ framework, which postulates a 
three-factor, two-good economy, differs from 
that of Kemp and Jones in format but not in 
substance. Nevertheless, Gehrels has made 
an important contribution by providing a 
more complete discussion of “partial” op- 
timization and by deriving optimal tariffs 


and taxes in the presence of the interindustry ` 


wage differential that characterizes factor 
markets in the underdeveloped countries. 

The objective of this note is to show 
that Gehrels’ optimal policy in the presence 
of the wage differential is incomplete and 
that his modification of the optimum tariff 
formula is not always valid. 


The assumptions and notations used in ` 


this note are the same as those introduced by 
Gehrels. The problem is to maximize the 
social utility function 


(1) U = U(Cy, Co) 

= U(Y,— X, Y2— Xo) 
subject to the production constraint 
(2) (Yı, Yo, F) = 0 
and the balance-of-payments constraint 
(3) Xı + Xar + Fp = 0 


where C; and Cs are consumption of good 1 
and good 2, F, and F; are their outputs, and 
Xı and X: are their exports or imports de- 
pending on whether X; is positive or nega- 
tive; F is the amount of foreign investment 


* Professor of economics,. Southern Methodist Uni- 
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which is positive if the country in question is 
a net creditor and negative if it is a net 
debtor; p is the foreign rate of interest; and 
r is the international terms of trade with the 
first commodity serving as numeraire. 

In conformity with the reality in several 
developing countries, Gehrels assumes that 
the country in question is a net debtor, so 
that F<0, imports Xz, so that X.<0, and 
that the wage differential is paid by the im- 
port-competing good, Fə. Two effects follow 
immediately from the presence of the differ- 
ential. First, the transformation curve shifts 
toward the origin, and second, the marginal 
rate of transformation no longer reflects the 
commodity-price ratio, that ts, 


OY, 
OY, 


— 
— 





bp 


where b> 1, indicating that the production 
costs in F, exceed its social opportunity cost. 
Let ¢ stand for the rate of tariff; then 
p=r(1 +. The optimum tarif formula 
derived by Gehrels here is given by his equa- 
tion (26) which furnishes 














E ae E or E Op 
r m OX2 m OX» 
OY, 
i ðX? 


As Gehrels shows, ðr/3X and ðp/ðXə are 
both negative and with Xs and F also nega- 
tive, each of the first two terms in this for- 
mula is positive. At the start of his paper, he 
contends that â Fı/ð3Xı<0 and dY2/dX2>0, 
irrespective of the sign of X;. With Xz equal- 
ing the import, this must be taken to mean 
that a rise in the relative price of the second 
good leads to a decline in F; (so that dY; <0) 
and a decline in the demand for imports (so 
that with X2<0, dX,.>0), which eventually 
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implies that (@Y;/dX2) <0. With (6—1)>0, 
all this leads us to Gehrels’ result that the 
optimal tariff is not only positive, but the 
existence of the differential also causes a rise 
in the import duty, if welfare is to be maxi- 
mized. 

However, in the presence of the wage dif- 
ferential, the sign of (@Y,/dXe) is no longer 
certain. Working with a two-factor, two-good 
model, Jagdish Bhagwati and T. N. Sriniva- 
san, Jones (1971), and Batra and Prasanta 
Pattanaik among others have shown that the 
-output of a commodity may actually decline 
in response to a rise in its relative price 
when factor markets are distorted by the 
existence of a wage differential. Furthermore, 
this result is independent of the shape of the 
transformation curve. There is no reason why 
this result should not continue to hold in the 
three-factor, two-good model, the one used 
by Gehrels. Thus 0¥:/@X_2 may be positive 
or negative. If 0Y,/dX>2 is positive, we reach 
the surprising conclusion that the optimal 
tariff in the presence of the distortion will be 
less than what it would be in its absence. 

Of greater interest is the fact that the na- 
~ ture of the price-output response in the pres- 
ence of the differential makes no difference 
to the optimal tax (or subsidy) on foreign 
investment. This becomes clear from an ex- 
amination of the terms contained in Gehrels’ 
equation (32), where! 








r—p X, ðr F ap 
p p OF p OF 
p (6-1) OY, 

p b OF 


! The reading of Gehrels’ article is made difficult by 
the presence of several minor typographical errors. 
Thus, in the last paragraph of p. 154, 


(p-r) E 
r Xa 





should actually be 
(o —r) OF , 
T ðX: 
in equation (27) on p. 156, (3¥:/3Y») should be re- 


placed by (8 Yı/3Xz); finally in equation (32), f— p) 
should read (r—p). 
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The s:gn of dp/aF depends on conditions in 
the fo-eign country and if the factor markets ` 
there are perfect, dp/dF is unmodified. The. 
signs of ðr/ðF and 0Y2/dF are governed by* 
the relationship between factor endowments 
and the commodity outputs and this rela- 
tionship is not affected by the existence of 
the d-fferential.2 Thus, none of the terms in 
the cptimal tax formula depends on the 
price-output response, so that Gehrels’ re- 
sults in this case are unscathed. 

In the presence of distorted factor mar- 
kets, a distinction must be introduced be- 
tween the second best and the first best op- 
timal policy. The optimal tariffs and taxes 
derived by Gehrels will only lead to the sec- 
ond best optimum, for the inefficiency caused 
by the existence of the differential in shrink- 
ing tne transformation curve toward the orj- 
gin will still remain. The first best policy, the 
policy which will truly maximize welfare, 
consists of the grant of factor tax-cum sub- 
sidy which has the effect of eliminating the 
wage differential to the domestic producers 
oi tke two outputs (but not to the suppliers 
of capital or labor), plus the optimal tariff 
and tax to capture the advantage of the 
courtry’s monopoly power in international 
trade and investment. This policy will have 
the effect of equating b to unity and thus 
eliminating the last terms from the optimal 
tariff and tax formulae. At the same time, 
the economy’s production point will move 
back to somewhere on the undistorted trans- 
formation curve. 
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Residential Choice and Air Pollution: A General 
Equilibrium Model 


By EUGENE P. SESEIN® 


Pigou’s parable of the smoke belching fac- 
tory imposing an externality on the neigh- 
boring laundry has elicited more controversy 
than one could have expected from such a 


simple situation. Ronald Coase claimed that ` 


the Pigouvian solution of taxes and subsidies 
was demonstrably inefficient while William 
Baumol recently dezended Pigou by present- 
ing & situation in which a tax placed upon 
the factory (without taxation or compensa- 
tion to the laundry) optimizes resource allo- 
cation under pure competition. 

What if the externality affects the factory 
itself? Suppose the smoke reduces the work 
efficiency of employees and causes ill health. 
It might be conjectured that nothing new is 
gained by adding the wrinkle of poisonous 
air which sickens factory workers, since the 
factory both generates the smoke and is af- 
fected by it. By analogy, a “smoke city” 
where everyone works in factories generating 
‘air pollution (which affects only the city) 

might be deemed consistent with Pareto op- 
timality, presuming the factories compensate 
- Individuals for the air pollution with higher 
_ wages.’ Similarly, recent policy discussions 
have advocated “exporting” air pollution by 
importing pollution-producing goods. Little 
concern has been given to the welfare im- 
plications since tne “republic of smoke” 
would be experiencing the profit as well as 
the pollution from production. There are 
even proponents cf the view that some re- 
gions of the United States ought to be kept 
quite clean, while others are allowed to be- 
come highly polluted. Their reasoning is that 


* The Urban Institute. I am deeply indebted to 
Nancy M. Gordon, Lester B. Lave, Robert E. Lucas, 
Jr., and Thomas E. Morton for helpful comments and 
suggestions. I am especially indebted to Herbert A. 
Simon, who is co-author of the Appendix section. 

1 This assumes competition and mobility among 
workers. 
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if workers are mobile and acting in a competi- 
tive market, they will demand and receive 
higher wages for living in the polluted local- 
ity and the resulting situation will be Pareto 
optimal. 

This paper will show these arguments to 
be fallacious. For externalities such as air 
pollution, it is precisely the assumptions of 
competition and mobility which destroy 
Pareto optimality. Restoration of efficiency 
can occur only through outside intervention 
desigr.ed to alter factor prices. 


I. The Model? 


Suppose there exists an economy com- 
prisec. of two cities: one producing a good 
whick does not cause air pollution (we shall 
name it bread and refer to the area as bread 
city}; the other manufacturing a commodity 
whick produces air pollution as a by-product 
(we shall name it steel and refer to the region 
as steel city). Further, we assume a popula- 
tion of individuals (normalized so that the 
total population is equal to 1)? allocated be- 
tween the two cities with @ living and work- 
ing in steel city and 1—9 inhabiting bread 
city.* The problem is determining whether 
with free movement between the cities (no 
transportation or moving costs), the wage 
rates will adjust so that the total population 
will allocate itself in a Pareto optimal 
fashion.’ 


* The basic framework of this model is similar to the 
transportation parables of Robert Strotz. 

3 Mote, in checking the units of the various expres- 
sions we will derive, this normalization results in an 
occasional implicit multiplicative factor of 1 which has 
the urits of population. 

4 An alternative interpretation is to regard the total 
peptlation as allocating 6 percent of their time to living 
and working in steel city and 1—@ percent of their 
time to living and working in bread city. 

E In our model the particular Pareto optimum will 
correspond to the maximum of a linear social welfare 
function, see below, 
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A. The Utility Function 


Each individual in the population is as- 
sumed to have an identical utility function.® 
Since conditions in the two cities differ (air 
pollution is not present in- bread city), we 
shall represent the utility for a resident of 
steel city as shown in equation (1): 


(1) ue = u(st, b, a) 


where s* is the steel consumption per capita 
in steel city, b° is the per capita bread con- 
sumption in steel city, and a is the amount of 
alr pollution to which an individual in steel 
city is subjected.’ Similarly, utility for each 
bread city resident is: 


(2) uè? = u(s®, bè, 0) 


The amount of bread and steel consumed 
by the individual enters each utility function 
positively, #, and u> 0 (where the subscripts 
refer to the partial derivatives with respect 
to that argument). The partial derivative 
with respect to @, u3, is negative, indicating 
that air pollution is a “‘bad.” 


B. Production Possibilities 


The only resource available for production 
of bread and steel is labor. Thus, there is a 
fixed aggregate quantity, 1 (total popula- 
tion), of this homogeneous productive re- 
source available to the economy. The dis- 
tribution of population will uniquely deter- 
mine the production of bread and steel. Both 
commodities are produced in perfectly com- 
petitive industries under constant returns 


with each individual producing one unit of: 


the relevant commodity, ie. each bread 
worker produces one unit of bread.* Total 
bread output is equal to the population of 
bread city, 1—9, and is distributed such that 
6b* represents the population of steel city 


ê Any two individuals consuming the same bundle of 
goods (including air pollution) would derive equal levels 
of satisfaction. 

7 There is no superscript on @ since air pollution is 
not present in bread city. Further, it is assumed that 
air pollution is uniform throughout steel city with each 
individual consuming the same amount; it is a public 
“bad.” 

8 One can think of individuals owning shares in the 
bread and steel factories. 
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capita for steel city residents and (1—8)" isi 


` 


multiplied by the bread consumption pers% tg 
to 


the population of bread city multiphed by, vee fos 
the bread consumption per capita for břead-—-17 
city residents. An analogous interpretation 
applies to steel production. Thus, the pro- 
duction constraints in per capita terms are:° 


(3) 8b + (1 — 0b? = 1 — 0 (bread) 
(4) és +A - 8)s? = § (steel) 





For simplicity we assume that each steel 
worker not only produces a unit of steel, but 
also produces a unit of pollution in the mak- 
ing of steel (2=6); henceforth @ will replace a 
as the value of the third argument in the 
utility function for the people of steel city. 
Thus, the number of units of pollution is 
identical to the number of units of steel, 
which in turn is equal to the population of 
steel city. 


II. Individual Utility Maximization 


Let each individual be paid the value of 
his marginal product, i.e., the steel worker’s 
income is lxp*® (one unit multiplied by the 
price of steel) and the bread worker’s income 
is ixp® (one unit multiplied by the price of 
bread). The consumer is then faced with. 
maximizing his utility subject to his budget 
constraint. We formulate the respective 
Lagrangeans: 


(5) ulss, b, 0) 
a Ks(¢° Z pss a pbs) 
(6) uls’, 5°, 0) 
+ Kp) — pest — prot) 


where K* and K?’ are Lagrange multipliers. 
We then take the partial derivatives with 
respect to steel and bread consumption, the 
variables at the consumer’s disposal :!° 


(steel city) 


(bread city) 


(7) ui — Kp = Q 


* Note, the equalities in equations (3) and (4) imply 
full utilization of the goods. 

10 We assume the individual in steel city regards 0 as 
a parameter, i.e., the level of pollution is independent of 
his steel consumption. 


962 THE AMERICAN ECONOMIC REVIEW 


(8) Uy — Kp = 
(9) wek = 
| (10) us -— Kp = 


Dividing (7) by (8) and (9) by (10) we 
obtain: 





b a 
h ü ÊP 1— b 
io Ü Ê 5 


This, of course, is the familiar fact that the 
ratio of the marginal utilities from steel and 
breac must equal the ratio of the respective 
, prices at the maximum. Furthermore, we re- 
quire that @ be such that the utilities in the 
two cities are equal to each other, ie., 
uls, b°, #)=u(s*, 6°, 0). If this were not the 
case, people would move from one city to 
another. This would violate our notion of 
equilibrium since total welfare could be in- 
creased by such migration. We denote the 
solution values of our equilibrium conditions 
by 3, 8, 6, 5%, and 6°. 


III. Conditions for a Pareto Optimum 


Pareto optimality will be achieved if each 
consumer’s utility is a maximum given the 
utility levels of all other consumers. Follow- 
ing the approach set forth by Strotz, we shall 
alternatively interpret the problem so as to 
maximize the linear social welfare function, 


> ulss, bY, 8) + D> uls, bh, 6) 
8 b 


= fuls’, bs, 0) + (1 — A)u(s*, bè, 0) 


given the available resources (total labor sup- 
ply) and the production alternatives open to 
society (equations (3) and (4)). The equality 
- comes from the fact that all individuals are 
identical, i.e., the welfare weights are as- 
sumed to be unity. Mathematically we set up 
the Lagrangean: 


u The last equality is derived from the income con- 
straint for bread city residents in equation (6). The 
partial derivatives of the steel city and hiead city utility 
functions are evaluated at (5, 5:, ĝ) and (5t, 5°), re- 
spectively. 
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(12) Gu(s*, be, 0) + (1 — A)u(s®, bè, 0) 
+ alob + (1 — 0b — (1 — #)] 
-+ ylos + (1 — As — 6] 
+ é[u(s*, b, 0) — u(s?, bè, 0)] 


where u, 7, and 6 are Lagrange multipliers 
insuring that the constraints are not vio- 
lated. Note the last constraint is derived 
from cur requirement that the utilities in the 
two cities de equal to each other. 

Differentiating (12) with respect to s*, b°, 
s°, 5°, and 9, respectively: 


(13) “ux(0 + 8) +70 =0 
(14) 1i2(8 + 8) + uo = 0 
G5) 14(0 — 8) + ¥(1 — 8) =0 
(16)  ua(0 — è) + al — 0) =0 
(17) ul bY, 6) — uis, b, 0) 

+ 6s + u(b —b +1) 


+s — s — 1) + bus = 0 


Dividing (13) by (14) and (15) by (16) we 
obtair.: 


(18) =e 


Reerrarging (17), using (14), the produc- 
tion constraints (equations (3) and (4)), and 
the requirement that the utilities in the two 
cities are equal, we find:” 


b 2 

: y 1-6 uzb 
(19> mm a eee a ea 
m s? us? 


Equating (18) and (19) we derive a neces- 
sary cond:tion for an optimum. ?$ 


12 [4 this expression, s has the units of steel, not steel 
per person. See fn. 3. 

8 This is the price ratio which will induce “optimal” 
behavior frem the consumers in the two cities. A hat 
over a variable denotes the value attained at the op- 
timum. In “his case, the derivatives of the steel-city 
and bread- city utility functions are evaluated at 
(36, £98) anc (S#, &, 0), respectively. 
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IV. Individual Maximization and 
Pareto Optimality 


We now ask whether individual utility 
maximization, subject to fixed unit prices 
common to all individuals, will lead to a 
Pareto optimum.* To do this it is sufficient 
to compare ĝ with 6. If they are not equal, 
production will be incorrect, i.e., too much 
or too little steel will be produced. More pre- 
cisely, we shall prove that #>6, i.e., optimal- 
ity requires a redistribution of population 
from steel city to bread city with less steel 
production (and less pollution). 

First, we examine the expenditures of a 
bread city resident in the two situations in 
terms of bread units: 


& 


(21) bae n 
p? 


where E? represents the number of units of 
bread a resident could buy if no steel was 
bought. 

Substituting the price ratio corresponding 
to individual maximization (using equation 
(11)) into equation (21) we obtain: 


(22) ca 


Hence, the income of bread workers (in this 
case, the price of bread) is equal to unity. 

Similarly, we use the price ratio at an op- 
timum (from equation (20)) and substitute 
it into equation (21) and find: 


(23) Dais 





Remembering that u3<0, we see optimality 
requires that the income in units of bread for 
bread workers exceed unity.” 


14 Note that the Pareto situation is a generalization 
of the case of individual utility maximization with the 
removal of the constraint that expenditures equal wage 
income. Therefore, by the-Le Chatelier principle, the 
Pareto situation must be at least as good as individual 
maximization; if it differs it must be superior. 
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FIGURE 1 


Figure 1 illustrates the situation for a rep- 
resentative individual of steel city. The axes 
are labeled his consumption of bread and 
steel and an indifference curve is drawn at 
the equilibrium point under individual maxi- 
mization tangent to the equilibrium price 
ratio.!® We have just stated (fn. 15) that un- 
der optimality the income of steel city resi- 
dents in terms of steel units falls, hence, we 
can arbitrarily pick a point to the left of 
E; and label it EX. We then graph all three 
possibilities for the change in relative prices 
from individual maximization to optimality: 
the price ratio can fall, (AES), remain con- 
stant, (BE), or increase, (CÊ). We know 
that iie level of utility which the individual 
attains under optimality must be at least as 
high as his utility under individual maximi- 
zation; hence if the price ratio either falls or 
remains constant, pollution (and steel pro- 
duction) must decrease.” 

Thus, we will limit ourselves to the cases 
in which the price ratio might increase. From 


1’ Using the fact that (1—8°) /s*=8:/(1—s*) and that 
(1—0) /s?— 1136? /1435 = b8/(1 —s*) —030(1 —8) /u3(1 —s*) 
we can likewise show that E: > É. 

16 The figure is only in the dimensions of bread and 
steel; hence, each indifference curve has a level of pollu- 
tion, ‘6, associated with it. 

i Mathematically, if ĝ*/$t < p/P then 6>6 in order 
that 24> m. 
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equations (11) and (20) this means we will 
be examining cases for which the following 
‘holds: B 


(24) 


Using (24), the production constraints (equa- 
tions (3) and (4)), the fact that ú’ => a 
= #, the assumption of diminishing marginal 
utility, and the neutrality of pollution,” we 
can enumerate the admissible changes in our 
variables: 


ee ee 
i a ee ea 


8 = — EI pa pasa — > paes wow sows won 


s-- - 0 Se se Hee eH + 


eo + - + 0 + - +O to 


—_— 


We see the only possible changes involve a 
reduction in 6. Without. some externally im- 
posed adjustment, i.e., tax, the results from 
individual utility maximization will not ade- 
quately reflect the externality associated 
with steel production. Individuals moving to 
steel city will not take account of the extra 
pollution they subject all steel city residents 
to and the externality will not be completely 
internalized. Thus, there will be a misalloca- 
tion of resources (labor) betw een the two 
cities. T l 


_ B By neutrality, we mean that a change in the pollu- 
tion level does not affect the relative marginal utility 
of bread and steel consumption. 

19 The table indicates the direction of change of the 
variable from individual maximization to optimality, 
e.g., 5° followed by a + means that $>, For example, 
looking at the first column, we see that both $% and bè 
may increase so as to satisfy the relation in (24) per- 
taining to bread city, i.e., that the ratio of marginal 
utilities increases. At the same time, it is clear that this 
will mean that t> & since more of both goods are being 


consumed. A consistert solution for steel city would in-- 
volve a reduction in s* with bs remaining constant. This . 


would necessitate a decrease in 6. 0 could not increase or 
remain unchanged if both s and b? rise and our relation- 
ships are satisfied. Similar arguments can be made for 
- the other columns in the table. 
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V, The Tax 


Comparing equations (22) and (23), we 
see that an income transfer from residents of 


_ steel city to residents of bread city must take 


place to attain optimality from individual 
maximization. The magnitude of this trans- 
fer (ir. terms of bread units) is given by: 


A 


P E tls 
g>0 


Ey = -— = —-—— 
ae 42/6 





(25) r= P= 


This quantity can be viewed as a tax on and 


‘ subsidy to the factors of production.?® Thus, 


steel producers are. taxed for employing the 
“nollution-creating’ input (steel labor), 
while bread producers are subsidized for 
utilizing the “pollution-free’ input (bread 
labor). The-resulting new demand curves for 
labor lead to an optimal reallocation of re- 
sources. 

In our case, there is another Deben 
to ths assessment. The numerator of the tax 
collected from everyone in steel city (8 
peop.e) represents the marginal disutility per 
perscn (for all people) of a change in the 
pollution level and the denominator repre- 
sents the marginal utility of bread per person 
in stzel city. Hence, the ratio measures the 
disutility of pollution relative to the utility 


of bread for people in steel city. When multi- | 


plied by the population of steel city, this 
reflects the totalamount of bread they should 
be willing to give up to decrease the level of 
pollution. 


VI. A Numerical Example 


This conclusion can -be made clearer 
through the use of a numerical example. We 
shal! derive the results for individual utility 
maximization and for a Pareto optimum 
utilizing the. following Cobb-Douglas utility 
functions:?} 


(26) ut = é(s*) as (steel city) 
0O< 8 < 1 
(27) wh = (5)1-8(H9)8 (bread city) 


*0 Alternatively, it can be looked upon as an induce- 
ment to the labor force to change their working pat- 
terns. See fn. 4. 

21 Note, for bread city, é=0 and @=1 which results 
in ay 
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We can now use these functions, together 
with the production constraints (equations 
(3) and (4)),.the budget constraints (equa- 
tions (5) and (6)), and the condition in equa- 
tion (11) to solve a system of simultaneous 
equations for the unknowns 5, 5°, 6°, 6°, and 
P in terms of 8 and 0:?2 


(28) #=1-— 8 
OE A 
(29) 5 TF 
a Ta 
(31) b> = B 
= d-a-8 
(32) ooo aaa 


Substituting these values into (26) and 
(27) and remembering that in equilibrium 
the utilities in the two cities must be equal 
we obtain: 


ete 


Letting 6=.38, we can solve (28) through 
(33) for approximate numerical values of the 
variables. We find that steel consumption 
per capita in steel city (5*) is .62, steel con- 
sumption per capita in bread city (5°) is .38, 
bread consumption per capita in steel city 
(b°) is 62, and bread consumption per capita 
in bread city (b°) is .38. The relative price 
ratio (P) is 1.63. The total population is 
equally distributed between the two cities 
(6=.50).%% Finally, the level of utility for 
each individual in society (#=#°) is .38. 

Now, we solve for the optimum values 
using the Cobb-Douglas utility functions and 
relation (20): 





1—8 


(34) Se er rT 
1+é— 8? 

22 Since we are only concerned with relative prices, we 
define P= p/p*, Note, too, that initially we are specify- 
ing a given distribution of population @ (and; hence, in- 
come). We will then search over 0 so as to equate the 
individual utilities in the two cities. 

*3 This, of course, is also the level of pollultion in steel 
city. 
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m eal 
1—@\1+6—# 
1— ô 1 — 
(36) t=- (A) 
6 1+ 6—-— 0? 
a to 
1+8 — 0? 


E B=) 


38 3 

(38) 55 

Again we substitute into the utility func- 
tions (equations (26) and (27)) and obtain: 


{1-8 B 6 — ĝ? 
(39) ( z Erir 
ð 1—8 1-8 
For 8=.38, we solve (34) through (39) for 
the numerical values of the unknowns. In 
this case, steel consumption per capita in 
steel city ($°) is .50, steel consumption per 
capita in bread city ($?) is .33, bread con- 
sumption per capita in steel city (ôs) is .75, 
and bread consumption per capita in bread 
city (8) is .50. The relative price ratio (Ê) is 
2.45. Less of the total population now resides 
in steel city (@=.40); hence, there is less steel 
production and less pollution. The level of 
utility for each individual (4° =°) has now 
increased to .39. The tax (r) imposed on steel 
city residents and transferred to each bread 
city inhabitant is .32. 





VII. Discussion 


We have posed a simple market situation 
in which an externality (air pollution) arises 
as an explicit joint product in the manufac- 
ture of a “normal” good. People engaged in 
the production of the good are subjected to 
the externality, but are free to move to an- 
other pollution-free environment and pro- 
duce a different good.” We have shown that 


24 Our model has dealt with the polar case of com- 
pletely separate production locations. In this way, we 
allowed the market maximum freedom in coping with 
the problem; it was unable to do so in an optimal man- 
ner. Permitting bread production to take place in steel 
city would further aggravate the situation. 
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the market fails to allocate optimally the 
resources (population) without outside inter- 


vention. In particular, a tax on steel city. 


residents or a subsidy to bread city residents 
is needed. If this activity is to be neutral 
with respect to distributional effects, there 
must be both a tax on steel city residents and 
a subsidy to bread city residents. 

The essential element in the model which 
causes the market to fail is the fact that the 
externality takes the form of a pure public 
good (or, more precisely, a “pure public 
bad’’). Allowing some people the choice of 
consuming more goods and subjecting them- 
selves to more pollution does not lead to a 
Pareto optimum. The final person moving to 
steel city does not take account of the addi- 
tional pollution he inflicts upon ali steel city 
residents. 

This result is of interest when one con- 
siders suggestions that we allow some cities 
to become the sewers for American produc- 
tion or that we export our pollution by im- 
porting pollution-producing goods. Clearly, 
these solutions are nonoptimal for society as 
a whole. Apparently, sewer city would be too 
polluted for Pareto optimality. 


APPENDIX” 


The nonoptimality theorem was proved 
under the rather strong assumptions that all 
individuals possessed identical cardinal util- 
itv functions. For it will be recalled that the 
original Pareto optimality conditions were 
derived by summing the individual utility 
functions. Here we allow each individual to 
possess his own differentiable utility function 
defined only up to a smooth monotonic 
transformation. Again, we assume positive 
marginal utilities for bread and steel, and 
negative marginal utilities for pollution. 
Moreover, we will use only the signs, not the 
marginal utilities in our derivation, and these 
signs are invariant under monotonic trans- 
formations of the functions. Hence, our re- 
sults do not depend upon the cardinal scales 
of the utility functions, and we can regard 
these functions as defined ordinally. 

Let each individual, z, have a differentiable 


25 Herbert A. Simon is coauthor-of the Appendix. 
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. 


utility function: 
(A1) 

Again, 
(A2) at*=0O for residents of bread city (€B) 
(53) E A steel Gey GES) 


ut = 4'(s1, bt, a’) 


Each person is constrained to spend no 
more than his income, which is equal to the 
value of his product plus (minus) his subsidy 
(assessment) :?6 


(A4) pi — pst— bt +e = 0 


where p'=1 foriCB; p= p° for 1S; and e? 
is tke subsidy (assessment) of the ¿th in- 
dividual.?7 

Necessary conditions for competitive equi- 


‘librium again imply: 


ui 
(A5 — =f for all 4 

Ug 

Now assume that some individuals are 

moved from steel city to bread city, so that 
there is a decrease, d9, in the population of 
the former city and in the production of 
steel, and a corresponding increase in the 
population of the latter city and in the pro- 
duction of bread. As a result of the decrease 
ix steel production there is an increase, d*, 
ir. the relative price of steel.” We now calcu- 
late the consequent changes in utility: 


(AG) du’ = mds -{- udb + uda 


where da*=0 for 1€ B, and da*= dé foriCs. 
From (A4), the derivative of the budget 
corstraint with no subsidy or assessment is: 


(AT) dpi — p'ds? — stdp? — dbi = 0 


26 We assume that the government may assess (sub- 
sidize) any member cf the population, and that the 
assessments (subsidies) may be different for different 
persons. 

? Note, for simplification, we take the price of bread 
ze numeraire, while the price of steel (per unit of bread) 
iS Pe 

23 We essume that a decrease in the production of 
ste2] and an increase in the production of bread always 
causes an increase in the price of steel relative to the 
prize of bread. This condition is stated independently 
o: the utility functions. 
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Using (A5) and (A7), we can rewrite 
(A6) as: 


du i 4_ 8 13 A 
(A8) eae dp —sdp + (=) da* 
Uy Up 


or, more explicitly, for B and S separately: 


du 1. 8 
(A9) ——=—sdp 


t 


GEB) 


i 


= (1—s)dp'+ (=) dé (ES) 


My Uy 


du 
(A10) 





Since dp*>0 and s*>0, we see from (A9) 
that the population shift has lowered the 
utility of all residents of bread city. Since 
si<1, uh <0, uf>0 and d6<0, we see from 
(A10) that the population shift has in- 
creased the utility of all residents of steel 
city. Moreover, since the dimensionality of 
the terms in (A9) and (A10) is “loaves,” 
we can determine immediately how large a 
subsidy or assessment, in the same units, 
would restore utilities to their previous 
levels. 

We now give a subsidy to or impose an 
assessment on each person of such magnitude 
that his utility will be at least equal to its 
initial level.?® If this scheme is to be feasible 
then the sum of the assessments must be 
equal to or greater than the sum of the sub- 
sidies (the government cannot redistribute 
more than it collects). 

We wish to show that: 


(A1) e=} e+} e< 
U B S 


2 The quantities, ef, are simply calculated by re- 
placing the term on the left of (A8) (or equivalently 
(A9) and (A10)) by —e? (the minus sign so that the 
subsidy or assessment. will be of opposite sign to the 
change in utility). 
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Using (A9) and (A10), with the proper 
substitutions (fn. 29), and reversing signs on 
both sides of the equations, we obtain: 


(A12) >> e= dp >> s 
B B 
(A13) F= — odp +dp Sos 
5 S 
— do}, < 
S w 


(recalling that S contains 6 persons). 
Now, summing (A12) and (Ai3): 


i 


Se =- HD = <0 
U S Us 


(A14) 


(recalling that Do» s'-+ Dos st= Dou si=8). 

Thus, with this system of subsidies and 
assessments, which leaves all utilities un- 
changed from their initial levels, the govern- 
ment is left with a surplus which it can dis- 
tribute among all persons so that all utilities 
will be higher than in the initial state. *° 
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Expectations and the Labor Supply 


By CHARLES L. HEprRick* 


The long-run and short-run dynamics of 
the-supply of national output are a key to 
macro-economic behavior. These dynamics 
form the basis of the “natural rate” analysis 
of Milton Friedman and others. And the key 
to the dynamics of the total supply is that of 
the labor supply. It would be an exaggera- 
tion to claim that capital supply and the be- 
havior of firms is irrelevant to macroeco- 
nomics. But output can be viewed as the 

product of a cyclical employment variable 
= with a more or less uniformly increasing pro- 
ductivity. Thus it is clear that the properties 
of the total supply are highly dependent up- 
on those of the labor supply. The purpose of 
this paper is to explore the dynamics of the 
labor supply, wita particular emphasis on 
the effect of expectations models. In the 
process a regression that Robert Lucas and 
Lecnard Rapping used to explain the labor 
supply is replicated with more recent data. 
Although further analysis is done, one of the 
purposes of this study was to verify that 
their earlier 1930-65 results also hold ior a 
more recent period (1950-70), and with im- 
proved data series. 


J. The Labor Supply Equation 


The basic labor supply equation to be used 
was put forward by Lucas and Rapping as 
part of a dynamic model of employment and 
unemployment. Iz was derived by assuming 
that households maximize utility by trading 
off present and future consumption and 
leisure. After aggregating over the entire 
economy and omitting the variables they 
found not to add significant explanatory 


* Carnegie-Mellon University. I would like to 
acknowledge the helpful comments of Robert Lucas, 
Edward Prescott, and Leonard Rapping, all of Carnegie- 
Mellon University, and referees for this journal, on 
earlier drafts of this paper. Particular thanks are due to 
Prescott for the use oi his adaptive regression program. 
I was supported during this research by a National 
Science Foundation Graduate Fellowship. 
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power in the regressions, the following log- 
lineaz approximation resulted: 


(1) Na — M, = bo “pe bi ag bots 


| + bP. — Pe) 

Here, the b are positive constants, N repre- 
sents the total employment in man-hours, M 
the population adjusted for age-sex distribu- 
tion, w the real wage rate and P the price 
level As is true throughout this paper, the 
variables are logarithms of the quantities 
represented. 

The starred variables are actually intended 
to represent estimates of all future labor and 
consmption possibilities considered by the 
household. However, for computational con- 
venience, and because no good model is at 
hanc for making long-term predictions, in 
practice one may use a one-period planning 
horizon, giving 
(2) 


+ 


we = E (wes | t) 


anc a similar relation for P. The right-hand 
side of this equation is supposed to represent 
the axpectation of w given the values of 
the variables up to time t. This interpreta- 
tion of the starred variables appears to 
matzh the intention of Lucas and Rapping’s 
derivation. An alternative is available, how- 
ever: 


(3) 


This interpretation is more consistent with 
the “natural rate hypothesis,” and is also 
mertioned by Lucas and Rapping. Note that 
there is considerable conceptual difference 
between (2) and (3). Since bı and b turn out 
to ke nearly equal, using equation (2) would 
imply that employment is determined by 
w— E(w! t), the negative of the expected 
increase in w between t and t-+1. On the 
other hand, equation (3) would give w 
— E(w] t— 1), the degree to which the pres- 


athe 5 Elw | t— 1) 
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ent period differs ae expectation (“sur- 
prise”).? Although the regressions done by 
Lucas and Rapping could not distinguish 


these two interpretations, it will be seen later ` 


that it is possible to distinguish them. All 
that remains before an equation may be 
written which is sufficiently explicit for em- 
pirical test is to specify a model for expecta- 
tions formation. The model used by Lucas 
and SaDEIE: is adaptive expectations,’ 


(4) E(w, | t= 1) 


= AW. + (1 — Elw | t — 2) +)! | 


and similarly for P. This is intended pri- 
marily as a psychological model, the ex- 
pectation being read as actual subjective 
expectations, not any objective statistical 
estimator.’ In the context of the natural rate 


1 Of course Lucas and Rapping’s derivation of equa- 
tion (1) no longer applies with this second interpreta- 
tion. As will become clear later, the crucial difference 
between E(w,/t--1) and Elw t) is not the period 
predicted, but the period on which the prediction is 
based. Thus one might consider using E(wr:|t—1). 
Because it is based on information from t—1 it will 
have the properties of the second interpretation and be 
empirically indistinguishable from it. But’ since it pre- 
dicts wt, it can be used with the original derivation. 
Another possibility for motivating equation (1) under 
the second interpretation is to begin directly with the 
assumption that there.is a natural rate of unemploy- 
ment. (See Donald Gordon and Allan Hynes for argu- 
ments relating to this.) When real wages or prices rise 
unexpectedly, workers will be deceived about what ac- 
céptance wage rate will maintain their optimum period 
of unemployment and will accept jobs more quickly 
than normal, hence raising employment. This is similar 
to the sort of job search model used, for example, by 
Dale Mortensen, However, Gordon and Hynes’ argu- 
ments do not seem to be based on job search per se. 
Their view would allow some period of unemployment 
to be an optimal strategy even with perfect information 
if job offers at different wages become available ran- 
domly. 

? Note that with this model, since z is not known at 
t-1, ` 


Elwen | t= 1) = Awa + (1 NE | t 2) +N 


Since this differs from: Elw] t—1) only by a constant it 
will be indistinguishable from it in the regressions. This- 


justifies the comment made in fn. 1 about the equi- 
valence of E fwrn |t—1) and E(w,|t—1). 

3 John Muth showed that equation (4) i is in fact the 
statistically optimal way to estimate w, in the case that 
a natural rate mechanism is really APRUGEIIE This case 
may be expressed by 


_ 
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3 Continued: 
We = eA’ + ts 
ee = Apna He 


where x; is the natural rate, and 14 and v, are each a 


series of identically distributed serially independent 


random variables with mean zero. Although z and 
w+. (and also v, and ve) must be independent, 2 and 
v, may be correlated to any degree, even perfectly. As 
is stated above, it is not necessary that these equations 
actually hold; since equation (4) is intended only as a 
model of subjective expectations. However, it seemed 
of some interest to know how well equation (4) would 
predict the actual wages and prices. Thus a non-linear 
regression was done on (4) in the form 


(a) w = Awt + (1 — wet +N Hn 
(b) we = wea + (1 Awa $0 


à and à’ were adjusted until the square error in (a) was 
minimized, (b) being used to define w? Several years 
before the beginning of the sample w* was set equal to 
the actual value of w, and equation (b) was iterated 
until the first value of w* needed was found. The results 
of this non-linear regression show A (the speed of ad- 
justment) to be .60 for wages and 1.78 for prices: The 


_ trend terms, A’, are .031 and .026, respectively. This 


was based on the data referred to elsewhere in this re- 
port as BLS (see the Appendix for details). Satisfyingly 


. large r-squares (.996 and .989) and small errors (.17 and 


.05 for A, .002 and .005 for A’) were obtained, and the 
results appear insensitive to the initial approximation. 
But trials over subperiods of the 1950-70 range show 
that the uncertainties are considerably larger than the 
standard error estimates. For example using 1952-70 
gives a Aw of .92, and 1951-70 gives a Ap of 2.20. Both 
of these are far outside the error limits of the 1950-70 
results. The fact that Ap is greater than 1.00 suggests 
that no natural rate mechanism is at work there. Rather 
than a tendency for prices to return to normal, ap- 
parently the reverse tendency exists! It is interesting in 
this context to note the results of the following three- 
equation macro-economic model; 


(a’) oe a(P, — E(P. | t— 1)) 
(b’) y + Py = x 
(c’) Xt = Yt, F tet 


where y; is real national output, x, is demand for nom- 
inal national output, and «+, is a series of identically 
distributed serially independent random variables with 
mean zero. Equation (a’) is just equation (1) ignoring ~ 
the real wage term; (b’) asserts equality of supply and 
demand for national output; and (c’) represents. de- 
mand for output as being a random walk, trends having 
been suppressed. The solution to these three equations 
can be expressed recursively as 


E(P.|t— 1) = (1 +a) Pri — 4E(Pii | t — 2) 


Note that this has the form of adaptive expectations, 
but A is greater than 1.00. (See Lucas for a full develop- 
ment of a similar model.) 


970 oe THE AMERICAN ECONOMI? REVIEW ' 


hypothesis the expectation is to be seen as a | 


slowly changing natural rate. à represents 
the degree to which the predictions weight 
the actual past performance rather than the 
previous prediction (or natural rate). l 


II. Testing the Adaptive Expectations Model 


The equation for adaptive expectations, 
(4), can be combined with (1) by a Koyck 
transformation to give a single equation suit- 
_able Jor estimation. The type of transforma- 
tion used assumes that \ has the same value 
for w and P. Using the interpretation of wt 
as Elw] t), and the equivalent for P, gives 


(5) Ne — My = (bod — bod’ — ban’) 
A —- bo) ws 
—'(1 — Abr. 
+.(1 — d)b3(Pi — Pia 
rs (1 — M(N — Mi) 
E E(w] t—1) gives 


(6) Ne — My = (boà — ba — ba”) + bin 
EET E 
+ ba(Pe — Pr-1)) 
+ (= NN e- — M) 


Note that if all one has is regression results 
on these equations, there will be no way to 
tell equations (5) and (6) apart. The decision 
between the two interpretations of expecta- 
tion will have to be based on other evidence. 
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Tab.e 1 presents results of regrèssions 
based on these two equations, for three differ- 
ent sets of data. The first is Lucas and 
Rapping’s original 1930-65 data, the results 
being taken directly from their paper. The 
seconc is their data extended by the author 
to cover the 1950-70 period. The third set 
of data covers the same 1950-70 period, but 
is based on data from the Bureau of Labor 
Statiszics (BLS) not available for earlier 
periods. (See the Appendix for more details 
on tiz data.)4 Knowledge of the way the 
data was derived, as well as the results in 
Table 1, suggest that the BLS data is more 
accurate, or at least more sensitive to short- 
term variations. This would explain the 
larger values of the three coefficients, the 
smaller values of the coefficient of the lagged 
deperdent variable (which may have more 
weigkt thrown on it than that due to (1—A) 
when the model is bad), and the higher 
r-square in the estimation using the BLS | 


4 Here, as in all other regression results, asymptotic 
estimates of the standard errors are given underneath 
each coefficient in parentheses. Also the r-square and 
Durtin-Watson statistics are given. In fact it is not 
certain just what the standard errors mean in simulta- 
neous equation models with such a small sample size. 
Howz~er, I will follow the usual practice of ignoring 
this problem and treat the standard errors as real es- 
timates of the standard errors of presumed normal dis- 
tribut_ons of the coefficients. Since there is little alterna- 
tive, other than giving up any attempt to determine 
whetker coefficients of two different regressions differ , 
significantly, one may only ‘hope that this interpreta- 
tion is not misleading. Note that the usefulness of the 
estimates is even more dubious for the non-linear re- 
sults described in fn. 3 and below. 


TABLE 1—Two-StaGEe LINEAR REGRESSION RESULTS FOR Koyvck-TRANSFORMED LABOR SUPPLY EQUATION® 


Regression Coeficcent of N;—M; on: 
Data Wt . Wet Pir Pu (N z M ) t-t r? D-W 
` Lucas-Rapping 1.40 . —1.39 14 64 80 1.56 
1930-65 _ (.51) (.51) (.17) (.09) 
Lucas-Rapping, extended by author 1.44 —1.43 .99 .33 62 1.91 
1950-70 (.52) (.50) (.30) (. 16) l 
BIS -> | 1.99 —2.18 1.05 20 98 1.93 9 
1950-70 l (.24) (.24) (.14) (.09) l 


. $ Standard errors are shown in parentheses. 


+ 


VOL. .63 NO. 5 


k 


HEDRICK: EXPECTATIONS AND‘LABOR SUPPLY : 971 


. TABLE 2—LINEAR REGRESSIONS FOR EVALUATING EFFECT oF TWO-STAGE LEAST SQUARES* 


- Regression Coefficients (—1 for dependent variable); < 


Nt —M t wt What 
Reduced-form wage equa- wn J 73, — 32 
tion, Lucas-Rapping (. 15) (.10) 
data, 1950-70 
Reduced-form wage equa- o J 85 —,37 
tion, BLS data, 1950-70 ; (.22) (. 15) 


Koyck-transformed labor “—1 82 — .83 83, 
supply equation, ordinary (.48) (.46) (.33) 
least squares, Lucas- 

Rapping data, 1950-70 


Koyck-transformed -labor —1 91 


—1.12 .69 
supply equation, ordi- (.32) (.32) (.24) 
nary least squares, BLS 
data, 1950-70 


- 8 Standard errors are shown in parentheses. 


data. For this reason the BLS data is’ used 
elsewhere in the paper. Lucas and Rapping’s 


data was extended to 1970 to allow compari- 


son between the two periods using the same 
data sources. It can be seen‘that the coeff- 
cients of wages, prices and expectations are 


nearly the same for the two periods, but that 


of the lagged dependent variable.is not. 

‘Table 1 shows two-stage least square re- 
gressions. The corresponding ordinary least 
square results are given in Table 2 for com- 
parison, along with the reduced-form wage 
equation used for the wage term in the two- 
stage process. Since both wages and employ- 
ment are determined in the labor market, 
there is undoubtably correlation between the 
wage and error terms in the ordinary least 
squares. The extent of this effect may be seen 
by comparing the two-stage results in Table 
1 with the ordinary results in Table 2. It can 
be seen that the coefficients are larger (and 
more significant) and the renee is larger 
for the two-stage. 

It was suggested above that when the 
equation (5) or (6) does.not fit the data 
very well, more weight is thrown on the co- 
efficient of the lagged dependent variable 
than just (i—)). If so; it would be useful to 
have a way of testing equation (1) that did 
not introduce the lagged dependent variable. 


In fact such a way exists. The second line in | 
Table 3 gives the results of a non-linear re- . 


(PePe) (VMs (NHO) Od Oe 


ye—Me P D-W 


24 | 56 d7 „14 - .51 .998 2.06 
(.45) (.42) (.44) . (64) (.44) 

39 ~ 18 .30 .42 oi .998 2.61 
(44) (.43) (.46)  (.44)  (.48) 
„40 „518 1.89 
Cin P 

,23 .940 2.16 
(.18) 


gression based on equation (1) directly, with 


wt and P¢ given by 
(7) Elw | t—1)= 
AW, _1 + (1 = AElwi | t — 2) 


t 


and similarly for P. 
The computer program, used to produce 
those results searched for the values of A. 


and Ap that minimize the squared error in 


equation (1) when equation (7) is used to 
define the expectations.’ The agreement be- 
tween these results and those based on equa- 


‘tions (5) and {6) (repeated as the first line 


of Table 3) is encouraging. Note that the 
coefficient of the lagged dependent variable 
represents (1—A), hence A is inferred to be 
.80, between the values of A» and Ap coming 


from the non-linear regression.® 


6 Equation (7) differs from the equations (a), (b) in 
fn. 3 mainly i in the lack of the trend term, This is in- 
corporated in the intercept of the regression on equa- 
tion (1), and is not separately identifiable. As in fn. 3, 
w* is set to the actual value of w, in some year before 
the start of the regression, Repeat runs using different 
years show that the results are not sensitive to what 
beginning period is chosen. 

ê These results have been given with the inteipreta- 
tion of P¥ as E(P4|t—1), which is implicit in equation 
(7). The equivalent for E(P] t) is 


E(P | t) = Pe + (1 — NEP | t 1) 
From this we see that P,—P* would become 
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TABLE 3—Two-STaGE REGRESSIONS ON VARIOUS VERSIONS OF LABOR SUPPLY Equations, BLS DATA! 





Regression: Coefficient of Vi.— M, on: 


l ' We 


Ut 
Koyck-transformed equation, linear 1.99 —2.18 
regression, 1950-70 ` (;24) {.24) 
_ Non-linear regression on A’slinearon 2.13 —2.37 
rest, 1950-70 (.23) (.22) 
Equation with A= 1.00, linear regres- 1.55 —2.10 
sion, 1950-70 (.25) (.29) 
Koyck-transformed equation, linear 2.06 —2.35 
regression, 1952-70 > (.20) (.20) 
Non-linear regression on Xs, linearon 2.07 —2.34 
rest, 1952-70 (.20) (.20) 
Equation with A= 1.00, linear regres- 1.68 —2.27 © 
sion, 1952-70 (.20) (.24) 


® Standard errors are shown in parentheses. 


. There is a reservation about these results, 
however. Similar regressions were done for 
subperiods within the 1950-70 time span. 
They suggest that the error estimates for the 
A may be understating the uncertainty. The 
values of A from the linear regression are dis- 
tributed between .70 and 1.33, and those of 
Aw and Ap in the non-linear regression be- 
tween .69 and 1.00, and .75 and 1.36, respec- 
tively. The values greater than 1.00 all have 
rather large error estimates with them, and 
some of the regressions have as few.as nine 


Pi— B(Pus| D = Pa — AP +O- NEP |t- 1) 
= (1—a)[P.— E(P | t ~ 1)] 


Clearly if we had used this interpretation, the coef- 
ficient of P,—P*, which is b, would have been larger 
by a factor of 1/(1—2). On the other hand, the linear 
regression would have to be interpreted by equation 
(5) which has (1—A)bz; where equation (6) has 43. 
Thus the predicted coefficient for the linear regressions 
would be the same. These results thus do not distin- 
guish between equatians (5) and (6) directly. Neverthe- 
less, since (1 —A) has different signs over different pe- 
riods, the E(Pus| t) interpretation would require b, to 
be changing signs the same way, clearly an unaccept- 
able hypothesis. Thus we may regard the interpretation 
of PŽ as E(P,|t—1) es being the correct one. A similar 
argument can be made for w* if bı and be are regarded as 
being equal. Certaintiy their ratio is small compared to 
1/(i—4), the critical ratio in the above argument. 


“ 


PPr W-Mhka O™w Pia CW 
1.05 20 98 1,93 
(.14) {.09) l 
1.11 95 .76 (99 1.49 
(.13) (.07) (10) 

84 ; 97 1,397 
LIE 
1.50 — .05 .99 1.82 
(.23) (.11) 
1.44 99 (93 .99 1.91 
(.19) CoD (.10) 
1.02 98 2.07 
(.17) 


observations, so this large variation is not as 
bac as it looks. Nevertheless, it does cast 
som2 doubt upon the significance of the 
difference between the \’s and 1.00. Thus it < 
seemed reasonable to test. the hypothesis 
that A is 1.00 for both w and P. This would 
mear the estimate is simply the previous - 
period’s value plus a trend term. The result 
of this is given as the third line of Table 3. 
The adjusted r-square and coefficient error 
estimates are not quite as good, and the- 
Duzbin-Watson statistic is noticeably worse. 
Nevertheless, the improvement does not 
seem. to be enough to conclude that A is. 
rea‘ly different from 1.00.’ To give the reader 
a feeling for the degree of sensitivity to the 
exact period used, the next three lines of 
Tabie 3 repeat the first three, but with the 
period 1952-70. 

Since we have concluded that the estimate 
of w or P is very nearly the last period’s 


7In any case, taking all of the regression results 
shown together it seems unlikely that A is less than .7. 
Since the weight of each succeeding year in an adaptive 


model is decreased by a factor of (1—A), we may take 


1/>. zo be a time constant. A > between .7 and 1.0 im- 
plies a time constant between 1.0 and 1.4 year. Clearly 
annual data is not well suited to make discriminations 
within this range. 

\ 
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value with a trend, there is another place 
adaptive expectations could be tried: the 
trend term. It would be reasonable to expect 
that term to adjust slowly to match the ex- 
perienced trend. This would show up in these 
regressions as a change in the intercept. A 
test was done using a program written by 
Edward Prescott and Thomas Cooley. This 
program allows the intercept to change 
adaptively. The best predictions are when A 
is zero for the intercept adaptation. It is not 
possible to quote a meaningful standard error 
for that estimate, but the conclusion seems 
to be that the existence of that type of adap- 
tation is not supported by this evidence. 


HI. Discussion 


It would appear that the labor supply 
model proposed by Lucas and Rapping 
(equation (1)) fits the facts of the recent 
U.S. economy fairly well. However, it should 
be interpreted as comparing actual wages 
and prices with those expected to prevail at 
the present time based on past information. 
Thus employment will differ from normal 
only when people are surprised by the wage 
or price level. This interpretation will prob- 
ably require a new motivation to be de- 
veloped for the equation. With that qualifica- 
tion, the results are quite impressive. The 
coefficients evaluated over the period 1930- 
65 agreed well with those of 1950-70. For 
periods including such different economic 
events, this is rather remarkable. 

There is some trouble trying to draw def- 
inite conclusions about the expectation 
model. Adaptive expectations worked quite 
well, but A (the weight put on the past 
period’s actual value) had values which are 
nearly 1.00, and in fact probably cannot be 
distinguished from 1.00. No evidence was 
found that the expected trend moves adap- 
tively, either, although better statistics 
might reverse that conclusion. The conclu- 
sion seems to be that any departures of ex- 
pectations from last period’s value plus a 
constant trend is due to long-term learning, 
and even then its effect has not clearly shown 
up here. This suggests that the Phillips 
curve tradeoff between inflation and unem- 
ployment may be real—if not permanent, at 
least over a period of years. 
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Before these conclusions are accepted, 
however, some limitations of this study 
should be considered. First, it uses annual 
data over a 21-year period. This makes the 
sample size too small to give strong statisti- 
cal results. The consequences of using annual 
data for dynamic models are not clear yet, 
but may well be significant. Second, the 
1950-70 period was rather placid economi- 
cally. In trying to choose between expecta- 
tions models it may well be necessary to use 
periods where there are fairly major events 
to adapt to. Somewhat related to this point 
is the possibility of a threshold of error in the 
learning of expectations: if the difference be- 
tween people’s expectations and reality is be- 
low this threshold, it might be assumed that 
no change will occur in the expectation 
scheme. Only when it exceeds this threshold 
will learning occur. If thére is such a phenom- 
enon, it will be particularly crucial to use a 
period with a great prevalence of surprising 
events. Otherwise no evidence at all may be 
found of learning or adaptation. 


APPENDIX 
Data Sources 


All variables in the text represent loga- 
rithms of the raw data. The actual data are 
available from the author on request. 


Lucas-Rapping Data, Extended 
io 1970 by Author 


N=(number of persons engaged in pro- 
duction, Table 6.6, Surv. Curr. Bus.) 
X(hours/yr by full-time employees, 
Denison, p. 37, normalized to 100 
= 1929). The Denison series was ex- 
tended beyond 1958 by regressing 
BLS weekly manufacturing hours on 
it (Table C-1, Employment and Earn- 
ings). 

w= (compensation/full-time equivalent em- 
ployee, Table 6.5, Surv. Curr. Bus.)/ 
(hours/year by full-time employees— 
as above)/P. 

Q=index of effect of education on labor 
productivity, Dennison, p. 85. This 
series was extended beyond 1958 by 
linear extrapolation. 
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P=implicit price deflator on total GNP, 
100 = 1958, see Table 8.1, Surv. Curr. 
Bus. ' 

y= total GNP in 1958 dollars, Table 1.2, 
Surv. Curr. Bus. 


1 Lo: 
pp = Pai, where L; is (labor force, 


Lo : Pos 


Table A-2, Manpower Report of the 
President) and P; is (population, Cur- 
rent Population Reports, p. 25), both 
in 6 age-sex groups: (14-19, 20-64, 
65+) X (male, female). The subscript 
0 refers to 1947-49. 


BLS Data 


N = total private man-hours, Table C-10, 
Employment and Earnings. 

w= total private compensation/man-hour, 
Table C-10, Employment and Earnings. 

Q= median years in school for labor force, 
Table 12, Handbook of Labor Statistics, 
interpolated graphically. 

P=implicit price deflator on private 
GNP, 100=1958, Table 8.1, Surv. 
Curr. Bus. 

y=private GNP in 1958 dollars, Table 
1.2, Surv. Curr. Bus. 

M =as above, but with groups (14-15, 16- 
17, 18-19, 20-64, 65+-) X(male, fe- 
male). Population is (labor force, 
Table A-2, Manpower Report of the 
President)+(persons not in labor 
force, Table A-7, Manpower Report of 
the President). 
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Classical Production Functions, Technical Optimality, 
and Scale Adjustments of the Firm 


By DALE TRUETT AND BLAINE ROBERTS* 


Recently, there has been renewed interest 
in relations among production functions, 
cost curves, and scale adjustments by firms 
in response to factor price changes. The cur- 
rent literature contains a number of efforts 
to clear up the connection between factor 
prices and output adjustments of the per- 
fectly competitive firm.' In particular, 
Charles Ferguson and Thomas Saving have 
related adjustments in the size of the purely 
competitive firm in equilibrium to the ex- 
penditure elasticity of factors, and one of the 
present writers has demonstrated that ex- 
penditure elasticity can be determined from 
factor intensity elasticity or from the slope 
of the expansion path in a two-factor case. 
A similar proof has been provided indepen- 
dently by Lowell Basset and Thomas 
Borcherding. 

In part, the general lack of understanding 
of the precise relations between production 
functions, cost curves, and scale adjustments 
stems from neoclassical theory’s divergent 
paths, which led to both the intuitive appeal 
of U-shaped cost curves and the indeter- 
minacy of the firm in the general equilibrium 
model formulated by Walras and popu- 
larized by Cassel. The confusion is exacer- 
bated by the unfamiliarity of many Ameri- 
can economists with the excellent technical 
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treatise of Ragnar Frisch (first published in 
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English in 1965) and by the scant oppor- 
tunities for empirical evidence of U-shaped 
cost curves. Alan Walters, in his well-known 
survey of production function and cost func- 
tion literature, notes ‘“‘... there is no large 
body of data which contradicts the hypothe- 
sis of a U-shaped cost curve and the fruitful 
results which depend upon it” (p. 52). How- 
ever, empirical methods have resulted in 
production functions of a very restrictive 
nature, for example, the familiar Cobb- 
Douglas. In an attempt to reconcile these 
empirical functions with classical functions 
producing U-shaped cost structures, various 
generalizations have been made; for ex- 
ample, CES, VES, and recently, homothetic 
production functions have been estimated. 

This article has several purposes. First, we 
develop the concept of constant homogeneity 
contours in the isoquant map and present a 
classification of nonhomogeneous production 
functions which clarifies the relation between 
production and cost curves. Second, we re- 
late constant homogeneity contours to ex- 
penditure elasticity of factors and demon- 
strate that the latter is a local phenomenon 
and subject, in general, to reversal. Factor 
expenditure elasticity thus proves to have 
limited usefulness for determining scale ad- 
justments when factor prices change. Fi- 
nally, in the appendixes to the paper, 
examples of various classical production 
functions are presented. 


I. Constant Homogeneity Contours 


For simplicity, and without loss of gen- 
erality, assume the production function is of 
the following form: 


(1) x = f(a, b) 


where x= output, a and b are factors of pro- 
duction, and the function is twice differ- 
entiable in the domain of a and b. In the 
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relevant region, the marginal products, fa 
and fẹ. are positive and isoquants are smoothly 


convex to the origin. Furthermore, for the , 


region relevant to our discussion, the suff- 
cient conditions for a profit maximum are 
assumed: 


faa < O, fos < 0, and foafes > fat 


A constant homogeneity contour (CHC) 
is the locus of all points where the production 
function possesses the property of homc- 
geneity of degree k, that is,? where’ 


(2) kx = fab + faa 


The slope of a CHC, which is in implicit 
functional form in (2), can be found by dif- 
ferentiating (2) and holding k constant, pro- 
viding such a contour exists. Thus: 


(3) k(fadb + fada) 
= fesbdb + fradda + foadb + faaada 
+ faadb + fada, 


al 


, we have: 
k 


pe Joab + faad -} (1 Ai k) fa 
k foob + fara + (1 — Rf 


If the function «=/(a, b) is homogeneous at 
every point in the isoquant map, the denva- 
tive in £4) will be undefined (i.e., db/da=0/0). 
If, however, the function produces a U-shaped 
long-run average cost curve, (4) will be 
uniquely defined for every value of a and b in 
the relevant region. Furthermore, as cne 
moves along any monotonically increasing 
path from the origin and as successive CHCs 
are intersected, & must be first greater than 
one, then equal to one, and finally less than 


db 
or solving for — 
da 





ab 


(4) rs 





? kis mathematically equivalent to the scale elasticity 
(Z,) at 2 particular point in the isoquant map. That is: 


dx = fada + frdb 

dx da db 

— x = faa — + fob — 

x a b 
if de/a=db/b=dk/k and since E= (dx/dk)(k/x) 
then E(x) =faa+ feb or Es=k. 

3 For the n-factor case, x=/f(@, . . . , dn), CHCs are 

the implicit functions &f(m, ..., an) = pe fiti. 
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one, ccrresoonding to falling average cost, 
average cost equal to marginal cost, and in- 
creasing av2rage cost. This class of functions 
will be termed “classical”? functions. 

For.classical functions, (2) will be a con- 
tour. Furthermore, when #=1, the contour 
will be the locus of points that are technically 
optimel, in the sense that they are the points 
at which average returns will be maximized 
or average cost (for any relative factor 
prices) mirimized. This CHC will be termed 
the technically optimal contour (TOC), and 
its slope is: 


db = foad + faat 
food + fasa 


In zeneral, CHCs may have any shape, 
and treir slope could be either positive or 
negative without violating the above as- 
sumptions or the sufficient conditions for a 
profit maximum.’ However, there are suff- 
cient conditions for the CHC to be down- 
ward sloping and to either be coincjdent 
with isoquants or to cut isoquants from 
above or below. For example, if fo,<0 and 
k> 1, ther. the constant homogeneity contour 
will be downward sloping. Following Frisch, 
p. 123, since the homogeneity of the func- 
tion at g point corresponds to the scale 
elasticity at that point, the region where 
k>1 will be designated the technically pre- 
optimal region and where &<1, the techni- 
cally postoptimal region. In the technically 
precptimal region, long-run average cost will 
be falling, while in the technically postopti- 
mal regian long-run average cost will be in- 
creasing. 


(5) 


da |r- 


II. Reation of the Technically Optimal 
Contour to Isoquants 


The technically optimal contour TOC de- 
termines the size of the purely competitive 
firm in equilibrium since it traces the locus 
of points where average returns are equal to 


4 F-isch, p. 120, describes such a function as following 
the regular ultra passum law. i 

$ That is, faafe > Jab is neither necessary nor sufficient 
for dè/da|- to be greater than, equal to, or less than 
zera. Levenson and Solon, p. 107, present what is 
equivalent to a TOC in their text, Essential Price 
Theory. 
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FIGURE 1. VOS PRODUCTION FUNCTION WHERE 
OPTIMAL SCALE INCREASES AS ~a/f, FALLS 


marginal returns. That is, the TOC traces 
out all points where the production function 
possesses the property of linear homogeneity. 
Thus, whether the TOC is coincident with or 
intersects isoquants from above or below will 
determine the change in size of the competi- 


tive firm in response to a change in factor 


price ratios. 

It is useful to subdivide classical produc- 
tion functions into those with variable optimal 
scale (VOS) and those with constant optimal 
scale (COS). For VOS functions, the TOC 
will intersect isoquants, and in general, more 
than once. Figure 1 is an illustration of a 
variable optimal scale function where the 
TOC intersects isoquants only once. Points 
A and B represent the cost minimization 
points for factor price ratios given by the 
slopes of the budget lines GG’ and FF’, re- 
spectively. Assuming that these are also 
points for which average total costs are a 
minimum (i.e., 2=1), they will also lie on 
the TOC. Note that as a/p» falls, optimal 
output increases. 

It has been asserted in the literature that 
if a homothetic production function has an 
optimal scale under each price situation, 
then the optimal scale is the same for all 
price situations. This is true, and in Ap- 


€ For example, see Meyer (1968, 1970). Meyer (1968) 
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pendix II, a proof is provided along with an 
example of a homothetic classical production 
function. Also, if CHCs are coincident with 
isoquants, then the expansion path (isocline) 
is a linear ray through the origin. More 
formally: 


THEOREM 1: If: 








6) db B db 
da k 7 da dx=0 
4.€., of 
M faob + faat + (1 — k)fa B fa 
fob + fasa + (1 — R)fe he 

then 

db b 
G e] = 

da lagylfa=0 4 





where o is the slope of the expansion path. 


“PROOF: 


First note: 


(9) (>) =f + Sa 


Pi 5 (Saad + fardb) 


2 
a 


so that d(fe/fa) =0 implies 


Be fofaa — falat 


10 c= 
(10) fafes — fofar 


provides an example of a homothetic function, but it 
does not produce a U-shaped cost curve. 

7 This theorem can be proved for the z-factor case by 
beginning as follows. A point of tangency of the TOC 
and an isoquant is a solution to the system of homoge- 
neous equations >.> ;fiajdxi=O and > fide: =0. 
Thus if N 


Do Sulaa D fua 


Aea M 


holds for every: vector of inputs (@) such that f((8)) =J 
(a constant), then the TOC is coincident with an iso- 
quant. 


for all ¿i k = 1,...,” 
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From (7), 
(11) fofard + fofaaa + (1 — k}fofa 

om Jaforb + fafared + (1 A k)fofa 
Thus, 


(12) Tan m Talat M b 


tofor — fafat a 


Tr can easily be shown that the left-hand 
term of (12) is the slope of an isocline.® Also, 
any function with CHCs coincident with iso- 
quants is homothetic. That is, if x=f(a, b) 
and if the premises of Theorem 1 are true, 
then there exists some monotonic transfor- 
mation, g, of a linearly homogeneous function 
h(a, b) such that x=g[k(a, b) |. However, it 
does not necessarily follow that all COS 
functions are homothetic. That is, a produc- 
tion function may have its TOC coincident 
with an isoquant while other CHCs (41) 
intersect isoquants. 


III. The VOS Function and Factor 
Expenditure Elasticity Reversal 


For a VOS production function, the TOC 
must intersect isoquants, and within the 
range of positive factor prices it may inter- 
sect some isoquants more than once. Figure 2 
illustrates a case in which the TOC intersects 
an isoquant twice. If relative factor prices 
are given by the slope of GG’, optimal long- 
run output will be z} Any fall in relative 
factor prices will result in an optimal output 
greater than x as long as factor prices do not 
fall below the ratio given by FF’. If the 
factor price ratio does fall below OF/OF’, 
optimal long-run output will be less than z3. 
Thus from point C a fall in pa, for example, 
could cause optimal output either to increase 


8 For x=/(a, b) and from the necessary conditions for 
minimum cost where c=ap_-+bps is total cost, let 


fa Pa 
== —— = 0, th 
fe : en 
aZ fa fad fda _ fol a _ 
da to fv da fi 2 da 


Solving for db/da, we obtain . 


db 
qa = Sefaa = fofar/fafee — fofas 
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0) G' F' a! 


Ficure 2. FOS PRODUCTION FUNCTION WITH 
A MAXIMUM OPTIMAL OUTPUT AND EX- 
PENDITURE ELASTICITY REVERSAL 


or to decrease depending upon the magnitude 
o: the price change. Further, in Figure 2 at J 
there exists a factor price ratio which will 
yie-d the maximum optimal output in the 
long run. Thus, if a VOS function has a point 
such as J within the range of possible factor 
prizes, the perfectly competitive firm will not 
produce a long-run output greater than the 
level consistent with that point. In Appendix 
I we provide an example of a COS production 
function with a maximum optimal scale.’ 
From. the foregoing, it is evident that there 
is no general relation between a change in 
th2 prize of a given factor and adjustment of 
optimal output for a VOS production func- 
ticn. Optimal output may either rise or fall 
when é factor price changes, depending upon 
the exect form of the production function and 
the magnitude of the change in price. Indeed, 
wien a long-run equilibrium occurs at a 
point of tangency between the TOC and an 


? The reverse case of Figure 2 is also possible. The 
TOC may intersect isoquants twice and be tangent to 
ore which is a minimum output for the perfectly com- 
petitive firm in long-run equilibrium. 
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isoquant such as J in Figure 2, any change in 
relative factor prices will reduce long-run op- 
timal output. 

In their article on scale adjustments, 
~ Ferguson and Saving conclude that when a 
single input price changes, adjustments in 
long-run optimum output depend upon the 
expenditure elasticity of the price-changing 
input. Let 


çc da 
(13) Şa = ~ — 
a@ dc 


be the expenditure elasticity of input a, 
where 


(14) C= a Pa F bpe 


is total cost. Assuming S,> 0, factor a is nor- 

mal, neutral, or superior as SaŚ1. In the 

event that Sa <0, factor a is inferior. 
Ferguson and Saving state: 


[The] long-run equilibrium output of a 
perfectly competitive firm must always 
vary directly with the price of an in- 
ferior or normal input and must always 
vary inversely with the price of a su- 
perior input. [p. 777] 


The above is correct, but it is necessary to 
indicate that the expenditure elasticity of a 
factor may reverse over the range of an ob- 
served price change, thereby rendering im- 
possible the prediction of scale adjustment 
from expenditure elasticity and direction of 
factor price change. 

For normal factors of production, we can, 
however, determine the relation of expendi- 
ture elasticity to isoquants and the techni- 
cally optimal contour. Specifically, at any 
technically optimal point for a downward 
sloping TOC, if the slope of the TOC is 
greater than the slope of an intersecting iso- 
quant, then the expenditure elasticity of 
factor @ is greater than one. Recalling from 
(8) that e denotes the slope of the expansion 
path, it can be shown that if: 


db) - 
A di 


dQ) kot fi 


(15) 


(16) 
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then? 
F 
o<- 
a 


Let the factor intensity elasticity (elastic- 
ity of expansion) be 


(eN 
17 E, = — 
(17) i b/a 


as defined previously in a paper by Truett. 
From the foregoing, the numerator of (17) 
is the slope of the expansion path, while the 
denominator is the factor ratio. If E< 1, 
production becomes more a&-intensive as the 
firm expands at given factor prices; the con- 
verse is true if Ez> 1. In the former case the 
proportion of total outlay spent for @ in- 
creases, while that spent for b falls. Thus, 
S> 1> Sy. This can be easily shown. Since: 


D Soe et 
l ) ba + pos 


Sa must be greater than one if Ez<1. Thus, 
at any point where a downsloping TOC cuts 
an isoquant from below, factor @ is superior 
while factor b is normal. This is the case at 
points A and B in Figure 1 and at point C 
in Figure 2. However, by similar reasoning 
when the TOC cuts an isoquant from above 
(such as point D in Figure 2), E,>1 and 





10 Since fab tfoot 
f bbb tas f 
either: or: 
I. fob + fasa < 0 I. farb + faat > 0 
Ford + faat < O Jub + fara > 0 


II. implies foafos<j/ap and violates the sufficient condi- 
tions for a profit maximum. Therefore, using I. and if 
db 

da | pa 


> A > then (faafs — farfaa > b(fafas — fofar). 


Since 


 fofaa — fafar) 
= (fafta — fofas) ae 


the numerator and denominator must be of the same 
sign. Therefore, both numerator and denominator must 
be negative for the sufficient conditions for a profit 
maximum to hold and, in particular, fafos—fofas <0. Con- 
sequently, it follows that o<b/a. 
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5S;>1>S,. In fact, it is evident that J in 
Figure 2 is a point of expenditure elasticity 
reversal, since a fall in pa will cause optimal 
output to increase from higher points along 
the TOC, but will cause optimal output to 
fall below J. At this juncture, we can state: 


THEOREM 2: If: 








db 
(19) = < 0; e > 0; and 
Q| kal 
D y fe 
da k=1 = fe ? 
then: 


(20) EzŚ1 and Saž1 while S% $1; 


which is proved by tre foregoing argument.'! 


Also, at points such as A and B in Figure 1 
(C in Figure 2), the expansion path (not 
shown in figures) is less steep than a factor- 
ray through the origin, since ¢<b/a. In 
other words, where the TOC intersects iso- 
quants from below, the slope of isoclines will 
be less than the slope of a ray through the 
origin; the reverse will be true if the TOC 
intersects isoquants from above (at D in 
Figure 2, for example). Since ridge lines are 
isoclines, this suggests that the “textbook” 
nonhomogeneous furction with inward-bend- 
ing ridge lines (see James Henderson and 
Richard Quandt, p. 48, or Albert Levenson 
and Babette Solon, p. 107) is characterized 
by expenditure elasticity reversal of factors 
and isoquants which intersect the TOC more 
than once. Appendix I provides an example 
of such a function. 


IV. Summary and Conclusions 


Classical production functions are those 
which produce U-shaped long-run average 
cost curves. When such functions are exam- 
ined in terms of contours for constant homo- 
geneity, as output increases the degree of 
homogeneity, k, is initially greater than one 
but decreases and becomes less than one. 
Where &=1, marginal and average returns 


11 This theorem also can be generalized to the n-factor 
case in a straightforward manner. 
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are equal, and points of technical optimality 
occur on the function. Regardless of factor 
prices, minimum long-run average cost will 
correspond to some factor combination on 
the locus of technically optimal points, the 
technically optimal contour. If the TOC is a 
single isoquant, the production function will 
have a constant optimal] scale, and optimal 
output will be the same for all factor prices. 
On tke other hand, when the TOC intersects 
isoquants, a change in relative factor prices 
will cause optimal output to increase or 
decrease. If the TOC cuts each isoquant 
only once, the change in optimal output 
following a factor price change will depend 
upon tne direction of the price change and 
whether the TOC cuts isoquants from above 
or below. In this case, the direction of scale 
adjustment can be unambiguously predicted 
from the expenditure elasticity of the price- 
changing factor. In the event that the TOC 
Intersects isoquants twice or more, magni- 
tude as well as direction of factor price 
chanze is important to the outcome. This 
final case is characterized by expenditure 
elasticity reversal. Here, factor expenditure 
elasticities are meaningful only in a local 
contex: and provide no clue to the perfectly 
compacitive firm’s scale adjustment when a 
finite factor price change occurs. 


APPENDIX 


I, Nonhomothetic Classical VOS Function 
wth Expenditure Elasticity Reversal 


A variable optimal scale function similar 
to that of Figure 2 above can be specified 
by adding internal economies and disecono- 
mies to a linearly homogeneous production 
function. The function introduced by Ryuzo 
Sato in a series of exchanges some years ago 
in this Review, provides a precise textbook 
example of the linearly homogeneous pro- 
duction function, since it produces a 
“Knightian” total product curve for the 
short-run variable factor. Although it is 
desirable heuristically that the classical VOS 
function have short-run properties similar 
to the Sate function, the VOS function, by 
definition, will be nonhomogeneous. 

The following modified Sato function will 
fit the VOS function in Figure 3: 
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FIGURE 3. MODIFIED Sato FUNCTION WITH 
VARIABLE OPTIMAL SCALE AND Ex- 
PENDITURE ELASTICITY REVERSAL 


(ab)? 


LI è — 
ae Da + Eb’ 


+ (Fab — Ga?b?) 


where D= E=.001, F=.5, and G=.01. The 
disturbance term (Fab— Ga?b?) can be viewed 
as the combined effect of internal economies 
and diseconomies, an effect which will be 
positive at low values of ab but negative 
when ab is relatively large. The combined 
disturbances will equal zero when 


(1.2) ab = F/G = 50 


` or along a rectangular hyperbola in the iso- 
quant map. At any point on this contour 
(the TOC), the function will behave as the 
original Sato function. Further, when F/2G 
=a@b=25, there will be no disturbance to 
the Sato marginal products; thus the original 
Sato ridge lines (R, and R,) cross those for 
the modified function where the rectangular 
hyperbola ab=25 also intersects the latter. 

At the point of maximum optimal scale, 
the absolute slope of an isoquant must equal 
that of a factor ray. For the parameters 
specified above, this occurs when: 


(1.3) b/a = YD/E =1 


However, for all values of b/a=1 between 
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the origin and M, Theorem 1 holds. That © 
is, if a CHC is tangent to an isoquant for the 
modified Sato function, then: 


(1.4) b/a=WD/E=1 iD=E 


It follows that tangencies between CHCs 
and isoquants occur all along OM in Fig- 
ure 3. In the relevant range above OM, 
all isoclines are shaped like ridge line ONM; 
thus S,>1>S, and CHCs cut isoquants 
from below. Below OM, isoclines are shaped 
like ridge line OPM, and S,>1 >Sa while 
CHCs cut isoquants from above. It is evi- 
dent that all points of expenditure. elasticity 
reversal occur along OM, and for the param- 
eters specified above, maximum optimal 
scale occurs at J where a=6=7.07. and out- 
put is 3,534.7 units of x. 


II. Homothetic Classical Production 
Functions 


Intuitively, a homothetic classical pro- 
duction function must have constant optimal 
scale because the transformation f in 
x=f|h(a, b)| where k is homogeneous only 
“relabels” isoquants but does not change 
their shape. In other words, if the trans- 
formation f creates technical optimality for 
a, b, then it must do so for all #(a, b) = A(ā, b). 
A formal proof and example follow. 


THEOREM 3: A homothetic production func- 
iion has constant optimal scale; that is, the 
technically optimal contour is coincident with 
an isoqguant, 


PROOF: 

By definition, x is homothetic if «=/[h(a, 
b)| where h(a, 6)=aha+bhy. Therefore, the 
technically optimal contour is 


db 


da | a1 


f' Bling + Bhahaf”’ + f' ahaa + afha 
J ‘bhas > bf" hs + f'ahsa + ahah i 


— 


Since # is homogeneous, 


ahas + bhas = bhos + aha, = 9 
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da k=1 hèb + haha hy 


An example of a homothetic classical pro- 
duction function is 


x = ab? — carb 


where a>0, 6>0, a+8>1, c>0, and the 
function is defined for the region where 4> 0, 
b>0, and ab? <1/c. If we let abf =f, then 
x=f—cj?, and f is a Cobb-Douglas function 
with homogeneity of a+. Since 

Xa aa% — 2aca?=1h ab 


— 
ester inneinttitnaititahtat ih tO E gaa 


x, Babi — 28Bca?b h- Ba 


the function is clearly homothetic. The slope 
of the TOC is: 
db 
dalr 
ab [a + 8 — 1 — 2ca2d®(28 + 2a — 1)| 
Ba [a +6 — 1 — 2carbt 2a + 28 — 1)] 
ab 
~ ga 
Thus, the TOC is indeed coincident with an 
isoquant. 


Sattai 
pa 
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Peasants, Procreation, and Pensions: Note 


By CLIVE SOUTHEY* 


In his recent article in this Review, Philip 
Neher attempts to demonstrate rigorously 
that there is substance to the allegation that 
underdeveloped nations frequently have un- 
duly high birth rates in order to satisfy the 
‘pension motive,” that is to say, parents 
have children to guarantee that someone will 
provide for them in their old age. 

Neher’s analysis is fairly general but he 
feels that the case which “particularly merits 
attention” is that in which egoistic parents 
care only for their own utility, having little 
regard for the world subsequent to their own 
deaths. This case exemplifies “... the fun- 
damental market failure which exists when 
the consequence of current decisions carry 
beyond the decision makers’ planning hori- 
zon” (p. 386). At this point, Neher adds in 
a footnote: “Note that this occurs inde- 
pendent of ‘like father like son’ effects. This 
model takes the fertility of future genera- 
tions as exogenous” (fn. 16, p. 386). 

In this footnote Neher uncovers a basic 
deficiency of his model, for to suggest that 
the number of grandchildren I have will be 
independent of the number of children I 
produce, is too unrealistic and particularly 
so in an economy which achieves a steady 
state. To note as Neher does that “There 
seems no very good way to make future 
fertility endogenous...” (fn. 7, p. 382) is 
not sufficient justification for making these 
decisions exogenous. This paper demon- 
strates that if a steady state were to prevail, 
such that succeeding generations learn that 
a “like father like son” mentality was pre- 
valling, there might be no market failure pre- 
cisely in the case of egoistic parents. 

To demonstrate this we follow Neher’s 
model and notation closely and confine our- 
selves to the case where U= U(C,)+ U(C)), 
so that although equal weight is given to 
adulthood and grand-parenthood (D=1) 


* Assistant professor, University of Guelph. 


future generations and even the utility of 
one’s children while alive matter not at all 
(E=0). If parents believe that their children 
will make the same decisions as they do, a 
belief that is not necessarily true, then 
Neher’s equation (2) remains unchanged as 
follows: 


X 
(2) = 


fF) 
Loe SS ee 
Pi Sit Fit Gi 
However, his equation (3) under his simpli- 
fying assumption of certainty of survival 
will now read: 


S) 
(3) E T 
253 + Fy 
It follows that Neher’s equations (5) and (6) 
will become: 





ac, 1 1 AFi) 
(5) E ee toes 

dS; Py P, Py 
and 
o Set OS + PSD = ASD 


(2S, + F)? 


Now according to Neher, in an economy 


dS; 


obeying the “Golden Rule of Fertility” so 


` 
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that the population enjoys maximum sus- 
tainable level of per capita income, the 
average product of labor f(S,)/Sı is equal 
to the wage rate which is also equal to the 
marginal product of labor: w= f’ (S). Further- 
more with a steady-state population G= Fy; 
= §,;= So. 

Thus substituting in (5) and (6) we 
obtain 








dCs D — (351)? 3S1- w ne 2f(S1) 
dC,  f(S) (34)? 
— 3f(0S1) + 2f(S1) 


fS 
— Í 
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This, however, is precisely the condition 
cited by Neher for nonviolation of the 
Golden Rule (p. 385). Hence, we have 
proven that the pension motive is consistent 
with the Golden Rule in this instance. 

The above analysis is simply a:statement 
about the possible existence of an equilib- 
rium at the Golden Rule. It remains to 
consider whether this equilibrium is stable. 
We do not present an exhaustive treatment 
of this difficult problem, but the following 
analysis suggests that if the system is dis- 
turbed by say an exogenous technical 
change, it will move towards the new Golden 
Rule population. 

We continue to assume that parents’ be- 
lieve their children will simply reproduce 
themselves. Although this belief will be 
clearly contradicted by experience during 
any adjustment process, it would still appear 
to be more plausible than Neher’s assump- 
tion that the number of grandchildren is 
determined exogenously. 

If the economy is initially in a steady state 
with certainty of survival then F,=G, so 
that with egoistic parents, the first-order 
conditions for the optimum as in (5) and 
(6) above can be reduced to 


fF) _ Sr + FDF (S) — 2f(Si) 
(Si + 2F;) (251 + Fy) 


If SiSFy then (25;+7,)2(S:4+2F)) and 
thus by examining the differences in magni- 
tude of the two numerators in (7) we can 
“ascertain whether changes in population zre 
consistent with the stability hypothesis. If 
(7) is satisfied, it follows that for consistency, 


(7) 


(8) SiZFk; 
if (2S: + FDF (S) — 2f(Si) — fF) 20 


Consider technical changes such that the 
new Golden Rule population exceeds that 
prevailing at present. It follows that the 
average productivity of labor at existing 
population levels and for small increments 
therein, is less than the marginal product 
fS)/Si<f'(S)). 

Rearranging terms in (8) and dividing 
through by Sı we get 
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(O) 2h if fars» — 718) 
+ psy 71 zo 


The proof that in fact population will expand 
follows by contradiction. Suppose that de- 
cisions are made such that S< F; the first 
term cf (9) is always positive. The sign of 
the second term is invariant when multiplied 
by Sı/Fı which yields 


JF) 


FS) = 7, 





and a sufficient (but not necessary) condition 
for ths to be positive is that f’’(.S1) is rega- 
tive. Since this is certainly true for small 
deviztions from the Golden Rule population, 
it jollsws that the entire expression in (9) 
is positive; this however, contradicts the 
first-order conditions for population con- 


„starcy or decrease and thus we must con- 


clude that in fact population will expand. A 
similar arzument follows for the case when 
the technical change calls for a decrease in 
Golden Rule populaiion, and thus stability 
follows: rot only is a share-alike system 
wita egostic parents consistent with the 
Golden Rule but it will also achieve that rule 
as lorg as parents subscribe to the belief that 
their children will behave in a “‘like father 
like son” manner. 

By making future populations indepen- 
dent of the number of children born, Neher 
has cnly allowed for a “one-way” external- 
ity. What he therefore fails to incorporate is 
the fact that without malice, the children 
of peasants will in turn impose an ex- 
ternelity on their parents by also having 
children and so reducing the grandparents’ 
share; the absence of private pension schemes 
and the share-alike mentality is a double- 
edged sword that cuts both ways. It is of 
particular interest that in this one instance 
of egoistic parents, the result is compatible 
with the so-called Golden Rule of Fertility. 
Clearly this result is dependent on the speci- 
fic assumptions made (p=g=D=1, and 
E=0 in Neher’s model) as well as the as- 
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sumption that grandchildren claim as much 
of the output as do grandparents. That these 
ad hoc assumptions happen to be compatible 
with the Golden Rule should not detract 
from the potential that Neher’s model has 
for further investigation of the role of in- 


stitutions on fertility decisions. Nevertheless, _ 


at this juncture there is no a priori theoreti- 
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cal justification of the pension motive being 
a cause of “over population.” 
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Stochastic Dominance, Efficiency Criteria, and Efficient 
Portfolios: The Multi-Period Case 


By Ham Levy* 


The theoretical and the empirical work in 
the theory of investment decision making 
under conditions of uncertainty (particu- 
larly in portfolio-selection theory) has been 
done so far under the very restricting as- 
sumption that all investors have a single 
target date for wealth accumulation, or 
investment horizon. They buy their port- 
folios on the same date with the object of 
maximizing their expected utility from ter- 
minal wealth. The papers of James Tobin 
and Jan Mossin who deal with the multi- 
period mean-variance criterion are the ex- 
ception. 

The assumption of a single target date for 
wealth accumulation is unrealistic since in- 
vestors usually have different planning hori- 
zons. Some tend to favor short-term invest- 
ments, while others (particularly institu- 
tional investors) tend to invest in long range 
ventures.? 

The purpose of this paper is to analyze the 
relationship between the efficient set of 
portfolios constructed for different invest- 
ment horizons. More specifically, we assume 
that all investors of a given class (for exam- 
ple, risk averters) can choose between only 
two portfolios with well-defined distributions 
F, and G,, whose one-period return is given 
by the random variables XĮ and Xf, re- 
spectively. Now, if all investors have the 
same investment horizon, for example, one 


* University of California, Berkeley and the Hebrew 
University, Jerusalem. 1 wish to acknowledge the help- 
ful comments of Fred Arditti, Nils Hakansson, Jacob 
Paroush, Menachem Yaari, Meir Schneller, and a 
referee. Part of the research was supported by a grant 
from Dean Witter Foundation, and from the Faculty of 
Social Science, Hebrew University. 

1 See, for example, tne books of Harry Markowitz, 
Haim Levy and Marshall Sarnat, and articles by 
William Sharpe, John Lintner, Michael Rothschild and 
Joseph Stiglitz. 

2 In the conventiona. model of the theory of invest- 
ment there is no constraint on the length of the period. 


year, then they are conironted with the same 
set cf distributions, and hence they. will all 
choose the same efficient set. However, if the 
investment horizon of some investors is, say, 
two years, these investors are confronted 
with distributions F=FiF, and G=G,Go, 
derived from the one-period distributions.® 
The rezurn on the two-year portfolios are 
given oy XIX and XX, respectively, 
and oktviously, the distribution of XY (or 
X5) is not identical to the distribution of 
X{X3.4 Consequently, although all investors 


‘are confronted with the same set of one- 


period available portfolios, this set is com- 
pletely different from the available set of 
portfolios of the multi-period investors. Since 
the efficient set of portfolios is a subset of all 


. available portfolios, one would expect the 
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efficiert set to be a function of the invest- 
ment horizon—i.e., investors for one year 
might decide that portfolio Fy is included in 
the eficient set and G; is not, while two- 
period (or multi-period) investors might 
reach ihe opposite decision. 

In this article we analyze the role of the 
investment horizon in determining the eff- 
cient set. Apart from the obvious theoretical 
importance of the above analysis, it may 
also have some practical merit: suppose that 


3 We assume that the returns in period 1 and in period 
2 are independent. Notice, also, that we assume that 
the investor chooses the same investment for the whole 
period; hence, in this model, portfolios FiG2, G:Fe are 
not permissible. This means that at the time that the 
decision is made, the investor does not intend to switch 
portfoLos. Of course, after the first period is over the 
investcr realizes the first-period return and he may 
change his estimates as well as his portfolio. In this case, 
the whole process ef finding the efficient set starts again 
at the beginning of the second period. 

4 Moreover, in the general case, the distribution of 
Xf ani the distribution of X7X§ do not even belong 
to the same statistical family. For example, if X{ and 
X5 have identical normal distributions, the random 
variable X{X§ is not distributed according to the Nor- 
mal Law. 
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an investment consultant tries to screen all 
available portfolios—i.e., to build the eff- 
cient portfolio set for his customers. What 
will be the impact of various investment 
horizons on his final advice? Should he con- 
struct the same efficient set for all his cus- 
tomers, or should he build different efficient 
sets for investors with different investment 
horizons? 

Section I of this study gives a short review 
of two efficiency criterla that have been 
developed for the one-period case. In Sec- 
tions II and III we analyze the two multi- 
period efficiency criteria. Concluding re- 
marks are given in Section IV. 


I. Efficiency Criteria—The One-Period Case 


An efficiency criterion is a rule with 
which we divide all the available portfolios 
into two groups—the efficient set and the 
inefficient set; for every portfolio included 
in the inefficient set, there is at least one 
preferable portfolio in the efficient set. Ob- 
viously, we have more than one criterion, and 
by changing the assumptions concerning the 
Investors’ preferences, one might get several 
efficiency rules (and, hence, several efficiency 
sets). However, given a set of assumptions on 
the investors’ utility function, the criterion 
that minimizes the size of the efficient set is 
the optimal efficiency criterion. 


A. General Efficiency Criterion 


In the most general case, where investors 
are assumed to have no systematic prefer- 
ences with respect to risk (i.e., no restrictions 
are placed on investors’ utility function be- 
yond the assumption that their first deriva- 
tives be nonnegative), it has been proved 
(see articles by James Quirk and Rubin 
Saposnik, Joseph Hadar and William 
Russell, and Giora Hanoch and Levy) that 
option F eliminates option G from the eff- 
cient set (i.e., F dominates G, or FDG) for all 
(utility) functions #(”) (where (x) is posi- 
tive and continuous throughout the domain 


5 We shall assume, as in the one-period case, that the 
Investor does have a certain future point of time in 
which he is willing to maximize the utility of his wealth. 
But unlike the one-period case, the horizons should not 
be identical for all investors. 
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of x) if, and only if, F(x) <G(~) for all values 
of x, and F(a) <G(%) for some value 4%, 
where F and G denote the cumulative dis- 
tributions of the two options under con- 
sideration. That is to say, 


(1) F(x) < G(x) for all values of x 
and F(a) < G(x) © 


AE¢= Erd(x) — Eao(x) 20, for all (x) 
and for some nondecreasing utility 
function AE@> 0. i 


B. Efficiency Criterion in the Case 
cf Risk Aversion 


Under conditions of risk aversion—i.e., 
when one assumes a nondecreasing concave 
utility function (¢’(#)>0, $’(4)<0O and 
¢ (x) and ¢’’(x) are continuous throughout), 
it has been proved that option F dominates 
option G (ie., F eliminates G from the risk 
averters efficient set) if, and only if, JŽ « [G() 
—F(i)|di>0 for all values of x (and G¥F 
for some value xo). This rule can be written 
as: 


(2) Í Í [G(t) ~ F(é dt > 0 for every x 


with a strong inequality for some x» © 


AE@= Erd(«)— Eed(x)>0, for every 
(x), with o’(x)>0, ¢’’(x) <0, and for 
some nondecreasing concave utility 
function AEk¢>0. | 


For the purpose of this paper, another 
version of (2) should be developed. The right 
side of (2) is, by definition, 


AEo = Erd(x) — Eed(x) | 
= f i [AO — eO lOd 


where f and g stand for the density functions 
of the two options, respectively. Integrating 
by parts yields, 


az= f YO- OOd 
= {[F(x) — G(x) lel) s 
+ f leo- rowou 
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Since the first term on the right side van- 
ishes® we can replace (2) by (2’) 


a f [e@-FOla>o 


for every x (with strong inequality 
for some x) 


f [co - roWoa > 0 


for every nondecreasing concave ¢(x). 


We shall use these results in the following 
sections. l 


II. Multi-Period Dominance in the Case of 
an Unrestricted Utility Function 


In the rest of the paper we shall prove 
several theorems, first for the two-period 
horizon, and then the results will be gener- 
alized for an n-period horizon. Like Tobin, 
we assume independence over time. More 
precisely, we accept the Random Walk 
Theory (see, for example, Paul Cootner). 

Let R; denote the return on one dollar 
invested in period 7. The final wealth for an 
n-period horizon is therefore given by 1+R 
=[]f.1(1+R,). Denoting? 1+R;=«;, the 
joint density function of | [fei x: is f(m,... , 
£n). Accepting the Random Walk hypothe- 
sis, the joint density function can be written 
as f(%1,..., , Xn1)f(4n), since f(x) is inde- 
pendent of f(m,..., Xn). For the two- 
pericd case, independence implies f(x, xə) 


=f (a1) f). 


THEOREM 1: A sufficient condition for a 
two-eriod risk F(x) to dominate another two- 
pertod risk G(x), for all nondecreasing utility 


S H F(x) and G(x) are finite, this term obviously 
equals zero. If F(x) and G(x) are infinite (for example, 
have normal distributions), the proof that this term 
equa:s zero is a bit more complicated. 

7 It is clear from the above definition that O0<r< œ, 
the lowest possible return in each period is R;= —1, i.e., 
the stock price drops to zero. Obviously, if we have a 
distribution with P,(zj=0)=1, this portfolio is ex- 
cluded from the efficient set and we shall not deal below 
with such degenerate distributions. By the same argu- 
ment, we can assume that P,(v>M)=0, where M isa 
large number. 
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functions, is:3 F;DG; (i= 1, 2), where F; and 
G; denote the single period distributions. 


PROOF: 
Lez xı and x be two continuous random 
variables for periods 1 and 2, respectively, 
and z= xx is the random variable (return) 
for tae two periods. Since F;DG; (i=1, 2), 
it is given that: 
(3) Fim) < Gil) 
and Filan) <Gi(%:,) 
(£ F(x) < Gelxe) 
and E NEZA <Ge(x2,) 


Assuming independence over time, the dis- 
tribution function of the fwo-period return 
is given by: 


(5) F(x) = P æ< x) 
7 f j f (ls) falls) dladhy 
0 0 


= f Fo(x/ty filh) dh 


for every xı 
for some 2, 
for every Xe 


for some value x 


Similarly, the distribution function of option 
G is given by: 


(6) ote) = f Galx/destndet, 


G 


where f;, g: stand for the density functions 
of zhe two risks in period 7. 

We must prove that the two-period dis- 
tribution F, dominates the two-period dis- 
tribution G, Le., F(x) <G(x) for every x, and 
F(x) <G(%o) for some value x. Using (5) 
and (6) one has to prove that (7) holds, 


iT f ” Fala/ty)f (ta) dt 


< f Guls/n)gutrrat 


3 F dominates G (or FDG) means that every investor 
in a given class (e.g., all nondecreased utility functions) 
prefers eption F over option G, and hence G can be 
eliminated from the efficient set. In other words FDG 
implies that Er@(x)> Eg@(x) for all #(x) in the class 
ucder consideration and for some ¢(x) a strong inequal- 
ity holds. 
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with a strict inequality for some value %p. 
Condition (4) can be rewritten as: 


Go(a/ty) = Fo(x/t1) + ôlx/t) 


where ô(x/h)>0 and for some value %o/hy 
5(X/t1,) > 0 


Substituting this result in (7), we have to 
prove that, 


f, Fern [fi(s) — g(t) Jdt 


— f anglan < 0 
g 


Since 6(#/t:) and gi(4) are nonnegative, it 
is enough to show that: 


Í Felxe/t) EE N AEA 
6 
Integrating (9) by parts, we get: 


(10) J ” Fale /t) el 


= { Fo(a/tr) (F(t) s Gilts)) }o 
ss f [Fi(t) Sa G(i i | pease OF o(x/t;) 


dt) <0 
Recalling that F,\(©)=G,(%°)=1 and G,(0) 
= F,(0)=0, the first term in the right side 
of (10) vanishes, and what is left to show is 


that the second term is nonpositive, i.e., 
that (11) holds 


H 


ü | Pala/ty 
(11) -f [ri-o EE a, 


me ORES, 


The last term is nonpositive since, fo(x/t,) 
>0, #/f>0, and by equation (3), [Fy(4) 
ZG) ] <0. 

Notice, also, that 6(%/4,)>0 for some 
value (%o/t,), and hence there is a strict 
inequality in (7) at least for one value. 
Thus, F(x) <G(x) and F(a») <G(ao) for some 
value xo which implies that the two-period 
distribution F dominates the two-period 
distribution G. 
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THEOREM 2: Let F” and G” be the cumu- 
lative distributions of two n-period risks (note 
that the superscript respresents the number of 
periods which the cumulative distributions 
represent). A sufficient condition for F"DG" 
for every nondecreasing utility function is 
F (23) < G(x) for all values of xi, and F ;{x;,) 
<Gi(x,,) for some value xiy fort=1,2,...,n 


In fact, only one strict inequality is 
sufficient to prove this theorem. However, 
to simplify, we shall not emphasize through- 
out the paper the need for a strong inequal- 


ity. 
PROOF: 

The proof is by induction: For »=2, 
F(x) <G,(#;) (i=1, 2) implies that F? 
dominates G* (Theorem 1). Let us assume 


- that Theorem 2 holds for n— 1 periods, and 


prove that it also holds for n periods, i.e., 
we assume that: 


F (x3) < Gilx) 
.,2— 1) => FE! dominates Gr! 


We now have to show that F(x) <G;(«;) 
(4=1, 2,..., 2) implies that F” dominates 
G”. Note that Fi(x;)<G,(x,) (for i=1, : 
n—1) implies that F”! dominates Gri (by 
assumption) Le, F "ys x) LG! 
(i i i) for all values Tey 1 Xi Since Xp 
and ate ix; are independent, and it is 
given that F?'<G""! and F,<Gnr, one can 
again use Theorem 1 to prove that 
FI s <C] [2.1 x) ie, F” dominates 
G". 9 


COROLLARY 1: If, in addition to the as- 
sumption of independence, we also assume 
stationarity over time of the distributions under 
consideration, one may conclude that for any 
two horizons, nı and na (n> m), the number 
of options in the efficient set which is appro- 
priate to horizon ng is not larger than the 
number of options in the efficient set which is 
appropriate to horizon ny, where the efficient 
sets are defined for all nondecreasing utility 


® Note that in Theorem 1 we did not assume sta- 
tionarity over time of the distributions. The comparison 
of the pair (F*-!, Fa) with the pair (G*", Ga) does not 
violate the conditions under which Theorem 1 holds. 
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funcitons. This conclusion stems directly from 
Theorem 1. 

Suppose we have two options, F and G. 
The stationarity assumption implies that, 
F= F Taa Sf and Gi= G= 
the sake of simplicity, suppose that m= 
and m=n. If FıDG, then, by the stationar- 
ity assumption, F; also dominates G; for all 
other periods 7=2,..., n.9 Hence, by 
Theorem 1, F” dominates G”. 

To sum up, an option which is eliminated 
from the one-period efficient set, is also 
eliminated from the #-period efficient set. 
Hence, the number of options in the efficient 
set of the long horizon cannot exceed the 
number of options in the efficient set of the 
short horizon. 

It is interesting to note that one can find 
numerical examples for which the number 
of elements in the efficient set is strictly 
decreasing when the horizon increases. Con- 
sider the following two-period example, 
where E= F; and Gi = Ga, 


Example 1 
G (or Go) F: (or Fo) 
Outcome Probability Outcome Probability . 
i 1/4 2 1/2 
4 3/4 10 1/2 


Assuming independence over time, the two- 
period distributions F? and G? are: 


G? F? 
Outcome Probability Outcome Probability 
i 1/16 4 1/4 
4 6/16 20 1/2 
16 9/16 100 1/4 


Since F, and G; (or F, and Ge) intersect, both 
of them are included in the one-period 
efficient set. But F?(x)<G?(%) for every. x 
(with a strict inequality for some values) 
and, hence, F?DG?. This numerical example 
shows that portfolios which are not elimi- 
nated from the one-period efficient set might 


10 The stationarity assumption implies that the num- 
ber of elements in the efficient sets constructed for each 
single period (e.g., year) is the same. 


...G,. For 
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be eliminated from the multi-period efficient 
set 


If. Multi-period Dominance in the 
Case of Risk Aversion 


It has been shown that for the one-period 
inveszment case, a necessary and sufficient 
condit.on for a risk with cumulative prob- 
ability distribution function F, to dominate 
one with Gi(F,DG;) as its cumulative dis- 
tribution function, for all nondecreasing 
concave utility functions, is: 


f laO- molar o 


O0 


for every x, and Gi F, for some x, where 
the subscript 1 indicates the distribution for. 
period one. (See articles by Hadar and 
Russell, Hanoch anc Levy, and Rothschild 
and Stiglitz.) We shall now prove that if 
FyDS, and FDG, then, F dominates G, 
where F and G are the two-period distribu- 
tions 

Before proceeding to state and prove a 
theorem for the multiperiod risk aversion 
case we need the foilowing: 


LEMMA: Let T(x, iy) = foF (t/t) dt, where F 
is some (cumulative) distribution function. 
T her., 


OT (x, t 
Si = T(x, 4) <0 and 
Oly 
o7T (x, t 
ee) = T(x, 4) > 0 
(dts)? 
PROOF: 
af F(i/t,)di 
(12) I", 4) = —— 
Oly 


t (OF (t/t 
= f° (us 
0 Oly 
Let f(t/t:) be the density function of F(t/t). 
Tazn, 


11 The numerical example confirms that the conditions 
foz dominance given in Theorem 1 are sufficient, but not 
necessary. 
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T'(«, th) = — f Udy È]d K 0 


since the integrand is always nonnegative. 
The proof that T” (x, 4) >0 is somewhat 
more involved: 


a f e/ile 
T” (x, t1) = — aca a 
o f alfea] 
0 Oly 
Hence, 


as) æ=] f PADa 


n f Kezia | 


Let us expand the first term on the right 
side of (13): 


f OA (Č /ty)dt 


_ f ONTT 


Integrating by parts (with respect to x), we 
get: | 


(14) J “En (1/t) sf /elat 
= {Layette — f Aeka 


= f(x/ti« /h — Í FUJ 2t/tydt 
0 
Substituting these results in (13), we gét: 


(15) Ta, h) = f(æ/h)x /n > 0 
We can now prove the following theorem: 


THEROEM 3: Let F and G be the cumulative 
distributions for the two-period horizon of two 
alternative risks. A sufficient condition for 
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FDG, for every nondecreasing concave uiility 
function (¢' (20, $’’(x) <0) is: 


ao f et- rad]ats > 0 G= 1,2) 


for every value x; with a strict inequality for 
at least one value. 


PROOF: 
We have ta prove that (17) holds: 


(17) f [et — F()|dt > 0 


(with a strict inequality for some value xp). 


Using (5) and (6), equation (17) can be 
rewritten: 


(18) f Í Í j Go(t/ts) g(t) dt,dt 
0 Q 


> J i J Ta 


By condition (16), for the second-period dis- 
tribution we have: 


(19) Í "Galt/t)dl 


= f ” Falt/ty)dl + 6(x/ts) 


where 6(x/t:) >0 and 8(x0/t,) >0 for at least 
one value (%/h,). Substituting (19) in (18), 
we obtain: 


(20) f EPOE f ” Fa(t/ts)di) dt; 


F a g(t) (x/i)dti > 0 


Since the second term is nonnegative, it will 
suffice to prove that the first term in (20). is 
nonnegative. 

Integrating the first term in (20) by parts, 
with respect to 4, we obtain: 


(21) TO — Fy(t,)| J “Fa(i/t)ath 


rat 
g 
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3 Í  Fai/h)di 


- f et-re] it,>0 


1 


Since the first term equals zero, and 
fo'Fo{t/iz)dt=T(x, h) (by definition), it re- 
mains to prove that the following term is 
nonnegative. 


(22) fi [Gi(tx) — Fi(4)]} 


“o 
OT (x, t 
(- 2) ai, > 0 


fy 


Note that f9'[Gili)—Fi(h)]dh>0 for 
every «1 (by (16)), and —T(x, 4) is non- 
decreasing concave (utility) function in 4 
(by the Lemma). Applying (2’) to this case 
we get, 


@3) flat) — Pilda > 0 
0 l OT (x, t1) 


Hence inequality (23) holds. 


We also have in (20) at least one strict 


inecuality, since for some value %o/tt,, 
6(4/h,,) > 0. Hence, FDG. 


THECREM 4: Let F" and G” be the cumula- 
tive distributions of two n-period risks. A 
sufficient condition for F™DG" for all non- 
decreasing concave utility functions is fo [G:(tà 
—F(t;)|dt;>0 for every x; (with a strict in- 
equality for some xi), where i=1, 2,..., n. 


PROCF: 

The proof is by induction and similar to 
that given in Theorem 2. For n=2, it has 
been proved in Theorem 3 that /$‘[G,(t,) 
—F;(t;) |dt;>0 (for every x: where i=1, 2) 
implies that F? dominates G*, for all risk 
averters. Assume, that the statement of the 
theorem holds for n— 1 period, i.e., /õ [G:t 
—F,(t;)|]dt;>0 (for every «; where i=1, 2, 

., m—1) implies that F”! dominates 
G"-!, We have to prove that the theorem 
also holds for -periods. This is straight- 
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forward; since fF"! dominates G*~!, one can 
conclude that 


TE zs 
t=1 
Í [GÀ — Fr-1(2)|dt > 0 
n—1 
for every [| x; 
i=l 


Since by assumption of the theorem, 


STIGO - Fiola > 0 


for every %,, we may again employ Theorem 
31? ard prove that 


h 


Urz 


r 


—00 


low — F*(t)]dt > 0 


for all values Į [7.1 z; i.e., F” dominates G” 
for ell risk averters. 


COROLLARY 2 If we are prepared to as- 
sume stationarity over time, in addition to 
indetendence of the returns, i.e., F5 F:= ... 
=F, and Gi=Go= ... =Gn, we may con- 
clude that the number of elements in the 
eficient set which is constructed for all risk 
averters does not increase when the investment 
herizan increases. This conclusion follows from 
Theorem 3. 

Suppose that in period 1, F, dominates 
Gi, ie., fo [Gil) — F (H ]di>0 for all values 
xı, then, by the stationarity assumption, F; 
dominates G; for all other periods i (t= 1, 2, 

., #), and by Theorem 3, F” dominates 
G”. In other words, any option which is 
eliminated from the risk averters’ one- 
pericd efficient set is also eliminated from 
the #-period efficient set. The efficient set in 
eaci single period is identical, and the n- 
period efficient set is no greater than the 
single period efficient set. Again, as in the 
previous case, we can find examples where 
the =2fficient set is strictly decreasing when 


2 Note again that, by assumption, x, and [lis 1x; are 
independent, i.e., by looking at the results of the first 
2 — 1 periods one cannot improve prediction with respect 
to tae wth period. 
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the investment horizon increases.'*? We shall 
again use Example 1 above to illustrate this 
argument: Fı does not dominate G; (i.e., 
FE DG) for all risk averters since, 


[tea me F(t) ldt = — 1/4 <0 


But, also, Gi does not dominate F1 
2 
f [Fi(a) — Gilt) dts = — 1/4 < 0 
o 


Hence, F, and G are included in the one- 
period efficient set. Assuming stationarity 
over time F= F, Gi=Gs, and hence also 
F.DG2, GaDF;, which means that F: and Gp 
are included in the second period efficient 
set. 

Looking back at Example 1, we can 
see that, in the two-period horizon, F?(x) 
<G*(x), for every x and for some value x a 
strict inequality holds. Consequently 
fo(@()—F*()dt|>0 (with a strict in- 
equality for some value xo) and, hence, F? 
dominates G?, Therefore, in this example the 
risk averters’ efficient set decreases when the 
investment horizon increases. 


IV, Concluding Remarks 


This study investigated the role of the 
investment horizon in determining the effi- 
cient set of portfolios. We found that, unlike 
the one-period case, the efficiency criteria 
for the multi-period case are sufficient but 
not necessary for dominance. If a portfolio 
is eliminated from each single period 
efficient set it will also be eliminated from 
the multi-period efficient set, but the inclu- 


13 This means that the longer the horizon the smaller 
the efficient set. Similar results have been obtained by 
Nils Hakansson, who assumes that the objective func- 
tion of the investors is to maximize the geometric aver- 
age return over time. In Hakansson’s analysis, when 
#—%, the efficient set includes only one portfolio, 
which is also the optimal one. It is of interest to note 
that Menachem Yaari, who analyzes the individual’s 
multi-period investment-consumption decision, obtains 
similar results: the longer the horizon, the more certain 
the optimal consumption and when »—, the individ- 
ual investment-consumption decisions are determined 
as with certainty, 
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sion of a portfolio In each single period 
efficient set does not guarantee that this 
portfolio will be included in the multi-period 
efficient set. 

Thus, an investment consultant who 
screens all the available portfolios should 
construct the efficient set for each group of 
investors according to their investment hori- 
zon. However, the consultant may construct 
the efficient set for the shortest relevant 
horizon, knowing that the efficient set which 


~- is appropriate for longer horizons must be a 


subset of (or identical to) the efficient set 
which has been obtained for the short hori- 
zon. Nevertheless, one should keep in mind 
that the suggested procedure is valid only 
under the case in which probability func- 
tions are stationary over time. Otherwise, 
the consultant can not limit his attention 
only to the first period distributions. 

The magnitude of the decrease in the 
efficient set resulting from an increase in 
the investment horizon is left to be investi- 
gated either empirically or by simulation. 
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Spot Speculation, Forward Speculation, and Arbitrage: 
Comment 


By Houston H. STOKES* 


In his famous article in Staff Papers, 
S. C. Tsiang showed that the return to 
spot speculation was equal to the return to 
forward speculation plus the return to inter- 
est arbitrage. This note argues that this 
result is only strictly true in all cases if there 
is no government (central bank) interven- 
tion in the forward market. In some situa- 
tions of government intervention, Tsiang’s 
result will not hold. As a consequence there 
is a loss of generality of Tsiang’s analysis 
unless other conditions are specified. In this 
paper I develop the conditions to tell whether 
there is government intervention and if such 
intervention is sufficient to invalidate 
Tsiang’s analysis. 


I. The Model 


If F is the 90-day forward rate,! S$ is the 
spot exchange rate, S° the expected spot 
rate in 90 days, and # and 74 the foreign 
and domestic 90-day interest rates, respec- 
tively, then interest parity? implies 


(1) F(1 +i) =S1+7 

If 

(2) pelt! a 
Chapt) 


there will be an outflow (inflow) of funds 


* Assistant professor of economics, University of Illi- 
nois at Chicago Circle. Iam indebted to Robert Mundell, 
Harry Johnson, and other members of the University of 
Chicago International Trade Workshop. Zoran Hodjera 
of the IMF made many helpful suggestions on an earlier 
draft. An anonymous referee also contributed. Any re- 
maining errors are my responsibility. 

1 All exchange rates are quoted as the domestic cur- 
rency price of one unit of the foreign currency. Time 
subscripts are ignored. 


2 This interest parity condition, the usual one, is a | 


simplified version of the one Tsiang uses. If one thinks 
in Tsiang’s terms one can “adjust” the interest rates for 
the subjective marginal convenience vield. This simpli- 
fication does not affect the analysis. 
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from the domestic country if F is greater 
(less) than F*. If Cas is defined as the desired 
stock of forward contracts held by arbi- 
tragers in period t, then? 


(3) Ca = o(F — F*) 


Forward speculators will sell (buy) the 
foreign currency forward if F is greater (less) 
than S°. If Ca is the desired stock of forward 
contracts held by forward speculators in 
period t then 


(4) Ca eey P(F —= S°) 


Parity in the spot speculation market occurs 
when 


(5) S(i + i) = S1 + 7) 


From equations (5) and (2) we note that 
spot speculators will acquire the foreign 
(domestic) currency spot if $° is greater 
(less) than F*. If Cs, is the desired stock of 
the domestic currency held by spot specu- 
lators in period t then 


(6) Ca = Z(Se — F*) where Z <0 


where @ < 0 


where ¥ < 0 


We can plot equations (3) and (4) as the 
AA and SS curves where the intersection 
of SS and AA with the vertical axis is $° and 
F*, respectively. This has been done in 
Figures 1 and 2.4 In the absence of govern- 
mental intervention F*> F> S° (Figure 1) or 
S¢>F>F* (Figure 2). Since the! return to 


3 If Ca is negative (positive) arbitragers have made 
an outflow (inflow). 

4 The graphical treatment of the model is based on 
B. Reading’s work. This model is a simplified version of 
Tsiang’s; I have used it in my 1972 article. If ẹ = — œ% 
then there is perfect capital mobility and the AA curve 
is perfectly elastic. Here arbitragers determine the for- 
ward rate. If Y=—o then the SS curve is perfectly 
elastic and speculators determine the forward exchange 
rate. It is impossible for 6== — œ and Y=- œ at the 
same time except in the trivial case where S¢= F* or the 
SS curve lies on top of the 4A curve. 
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EXCHANGE RATE 


Ct Forward 
Contracts 


FIGURE 1. NOTE: a= NONINTERVENTION LEVEL OF F 


forward speculation is (| S°— F|}, the return 
to interest arbitrage is (| F*—F |) and the 
return to spot speculation is (|S*—F*|) it 
clearly follows that in the absence of govern- 
mental intervention in the forward exchange 
market, Tsiang is correct; the return to spot 
speculation is equal to the return to forward 
speculation plus the return to interest arbi- 
trege. This reduces to 


(7) |Se—F*| = |S- F| + |r- F| 
We note that in this case 
(8) | Cal = Cal 


If the government intervenes in the for- 
ward market it is possible to haveë any of 
tke following cases. 


5 In my 1972 paper, I developed conditions concern- 
ing the effectiveness of forward intervention. By differ- 
entiating (3) and (6) with respect to F we can derive an 
expression for the net flow of money to the domestic 
country (dMa) due to forward intervention. This re- 
duces to 


ase 
dMa = dF zte] where ¢ £ — œ 
and 
a5" 
a= ar | Sz +1 | where ġ = — œ% 


and Z=the dollar amount of forward contracts of the 
foreign currency sold by the central bank. This analysis 
builds on the effect of forward intervention on the posi- 
tion of the 4A and SS schedules mentioned briefly by 
Tsiang but not worked out. 


(9) F > F* > Se 
(10) F* > S¢> F 

(11) F>S¢> F* 
(12) S> F*> F 


In all these cases, Tsiang’s result does not 
hold. Equation (9) represents the govern- 
ment bidding the forward rate up to 6 start- 
ing from an initial situation represented by 
point a in Figure 1. The government has 
bought bb’ +5b” forward contracts from the 
arbitragers and forward speculators, re- 
spectively. Since F is now no longer between 
F* and S*, Tsiang’s statement that the 
return to spot speculation |.S*—F*| is equal 
tc che return to forward speculation |.S¢—F| 
plus the return to arbitrage | F—F*] is not 
correct. In this situation the return to 
forward speculation |F—S®| is equal to the 
return on arbitrage | F—F*| plus the return 
to spot speculation | S*—F*|, 

In equation (10) the government starting 
from initial equilibrium in Figure 1 has 
s9:d contracts to the arbitragers and for- 
ward speculators driving the forward rate to 
c. Total government sales of forward con- 
tracts are equal to cc’-++cec’’. Here again 
Tsiang’s proof does not hold. In this situa- 
tion the return to arbitrage | F—F*| is equal 
tc the return to spot speculation |.5¢—F*| 
p-us the return to forward speculation 
3- F]. 

In equation (11) the government starting 
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FIGURE 2. NOTE: a=NONINTERVENTION LEVEL oF F 


from an initial equilibrium at point @ in 
Figure 2 has bid the forward rate up to d 
by buying dd’ from the forward speculators 
and dd” from the arbitragers. Tsiang’s proof 
no longer holds. We find that the return to 
arbitrage |F—F*| is equal to the return to 
spot speculation |S°—F*| plus the return 
to forward speculation | S¢°— F]. 

In equation (12) the government has 
intervened to disturb the initial equilibrium 
represented by Figure 2 to push the forward 
rate down to e by selling ee’ to the arbi- 
tragers and ee” to the forward speculators. 
Here the return to forward speculation 
|Se—F| is equal to the return to spot 
speculation |S*—F*| plus the return to 
arbitrage |F—F*|. . 

Summarizing: In equations (9) and (12) in- 
stead of Tsiang’s result, we find that the 
return to forward speculation is equal to the 
return to interest arbitrage plus the return 
to spot speculation. In equations (10) and 
(11), the return to interest arbitrage is equal 
to the return to spot speculation plus the 
return to forward speculation. These results 
are not surprising since if equation (9) 
represents the domestic country, equation 
(12) looks at the same situation from the 
point of view of the foreign country. Equa- 
tions (10) and (11) are similarly related. 

In short, only when 


(13) Be 2 hoz Ss 
or 


(14) Se > F> F* 


does Tsiang’s result hold. 
Equation (13) or (14) will hold if 


(8) | Ca! = | Cal 
and 
(15) Cat £ Cat 


If equation (8) and (15) do not hold we 
know there is government intervention. 

Equation (13) and (14) can hold if 
| Cat] | Cyt] if the government intervention 
has not driven the forward rate outside the 
band of spot speculation profitability, i.e., 
if Cy, and Cat are not the same sign.’ 

The above findings are very important 
since Tsiang notes: 


...a speculator who speculates on the 
spot exchange market may, in fact, be 
regarded as acting implicitly in the com- 
bined capacity of an interest arbitrager 
and a forward exchange speculator... 
the tentative assumption stated above 
that all speculation in foreign exchange 
is carried on in the forward market, 
does not impair the generality of our 
analysis as Jong as speculators who in 
effect speculate in the spot market are 
treated according to their dual capacity, 
namely, first as interest arbitragers and 
then as speculators in forward exchange. 
[p. 92] 


6 Equation (15) is necessary if we are to take into 
consideration the possibility of an intersection of the 
AA and SS curves. In such a situation intervention 
could drive the forward rate to a position where equa- 
tion (8) holds but where neither equation (13) or (14) is 
satisfied. 
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My paper has questioned Tsiang’s basic 
assumption. I have shown that although 
Tsiang’s analysis holds in all cases of non- 
intervention it holds with intervention only 
if equation (13) or (14) are met. If interven- 
tion causes equations (9), (10), (11), or (12) 
to hola, Tsiang’s results lose generality. 
The most likely possibility would be a situa- 
tion such as equation (12) where the govern- 
ment in response to a rapidly rising expected 
spot rate is pushing the forward rate down. 
This appeared to be the case of the United 
Kingdcm in 1967 where during the crisis 
prior to the devaluation, the interest arbi- 
tragers were coming to the United Kingdom 
while the speculators were leaving. In short, 
this analysis suggests that for empirical 
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work Tsiang’s model must be used with cau- 
tion since in the last decade prolonged 
periods of nonintervention have been the 
exception rather than the rule. 
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Spot Speculation, Forward Speculation, and Arbitrage: 
A Clarification and Reply 


By S. C. Tstanc* 


Houston Stokes’ comment on my paper 
seems to be based on a misinterpretation of a 
passage of my 1959 article, which perhaps 
calls for further clarification. He asserts that 
~ I said somewhere in my paper that “... the 
return to spot speculation was equal to the 
return to forward speculation plus the return 
to interest arbitrage,” (p. 996) but he does 
not bother to point out where I am supposed 
to have said this. 

Searching through that article, which I 
wrote fourteen years ago, however, I could 
not find any sentence to that effect. What I 
said there in this connection was the follow- 
ing: 

Thus a speculator who speculates on 
the spot exchange market may, in fact, 
be regarded as acting implicitly in the 
combined capacity of an interest arbi- 
trager and a forward exchange specu- 
lator. If he speculates by buying spot 
foreign exchange (instead of buying for- 
ward exchange), what he is doing is in 
fact equivalent to acting first as an in- 
terest arbitrager in buying spot ex- 
change against a sale of an equal 
amount of forward exchange, and then 
as a forward speculator in buying the 
forward exchange from himself (in the 
former capacity) in the expectation that 
the future spot rate will rise higher than 
the current forward rate and yield hima 
pure speculative gain. If he speculates 
by selling spot exchange (instead of for- 
ward exchange), he is in fact acting first 
as an interest arbitrager in selling spot 
exchange against an equal amount of 
forward purchase, and then as a forward 
speculator in selling the forward ex- 
change to himself in the former capacity 
in the expectation that the future spot 
rate will turn out to be lower than the 
current forward rate. [p. 92] 


This statement is tautologically always 


* Cornell University. 
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true, even though the statement which 
Stokes attributed to me may not always be 
true. 

There are no difficulties in the first two 
cases which he depicted in Figure 1 and Fig- 
ure 2, 1.2, F*>F>S* and S> F> F*, where 
F is forward exchange rate, F*=5S(1+7*) 
/(1-+7/) is the forward rate that would corre- 
spond to the interest parity (S being defined 
as the current spot rate and {if and 1 the do- 
mestic and foreign interest rates, respec- 
tively), and $° is the speculators’ expected 
future spot rate. Stokes thinks that in the . 


absence of government intervention, these 


are the only cases possible. This is open to 
question, but I shall postpone its discussion 
until later. In four other possible cases, he 
claims that I was wrong. For instance let us 
take the case F>F*>S*, ie., his inequal- 
ity (9). 

In this case arbitragers would presumably 
hold spot foreign exchange and cover the 
holdings by selling equal amount forward. 
The profit of arbitrage per unit of foreign 
exchange would be F—F* if we neglect the 
convenience yields of spot funds on hand. 
The spot speculator would go short on spot 
exchange and expect to make the profit of 
F*— S° per unit of foreign exchange. The 
forward speculator would go short on for- 
ward exchange and expect to make the profit 
of F— S° per unit. Thus obviously the return 
to spot speculation is not equal to the return 
to forward speculation plus that to covered 
interest arbitrage. Rather it 1s the difference 
between the return to forward speculation 
and that to covered interest arbitrage. There- 
fore, he claims that I am wrong. 

However, if he had read me more care- 
fully, he should have seen that what is said 
in the quotation above is literally correct 
even in this anomalous case. For what I said 
was that “‘... if he (the speculator) specu- 
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lates by selling spot exchange, he is in fact 


acting first as an interest arbitrager in selling 


spot exchange against an equal amount of 
forward purchase, and then as a forward 
speculator in selling the forward exchange to 
himself...” It is clear from this sentence, 
that speculative selling of spot foreign ex- 
change implies an arbitrage operation of 
selling spot covered by buying forward and 
then a speculative sale of forward exchange. 
In this anomalous case, however, the implied 
arbitrage operation in the direction. I speci- 
fied would incur a loss of (F*—F). So’ the 
spot speculator’s expected return from his 
spot selling is equal to the expected return to 
forward speculative selling minus the loss 
from the implied arbitrage operation. The 
arithmetic would then come out exactly 
right. Stokes’ difficulty arises because he 
misinterprets my statement to mean that a 
spot speculator’s expected. return is equal to 
the expected return to forward speculation 
plus the return to interest arbitrage in 
whichever direction that is' profitable at the 
time. Had he read my paper more carefully, 
he would have noticed that the arbitrage 
operation and accompanying forward specu- 
lation implied in a spot speculative sale (or 
purchase) should be in the specific directions 
clearly specified in the above paragraph, not 
just any pair of such operations in the direc- 
tions that is penne under the circum- 
stances. 

All the four cases in wes he claims that 
he has caught me wrong can be explained } in 
this way. 

Stokes might perhaps shift his ground of 
criticism and go on to protest that if I claim 
my theory to be general, how can I assume 
that the spot speculators would implicitly do 
obviously irrational things, such as arbitrag- 
ing in’a direction opposite to what the in- 
_ terest parity and forward premium would 


indicaie, or selling forward exchange for spec- - 


ulation when his own expected future spot 


rate is. higher than the forward rate. The 


answer to this paradoxical question is that 
in all those four anomalous cases, it is in fact 
irrational for any one to undertake spot spec- 
ulation. The fact that when spot speculation 
. is decomposed into two implicit actions, one 
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of these would obviously be irrational, 
merely reflects the inherent irrationality of 
such aztivizy in those cases. For instance, in 
the cese of his (9), F> F*> S*, the speculator 
who sells spot is obviously acting irrationally 
if he has equal access to the forward market 
as I asumed. For why should any one incur 
additional net interest cost in selling spot 
forward exchange in order to speculate, if he 
can sell forward exchange and expect to 
make a greater profit while running exactly 
the same r:sk arising from the uncertainty of 

expected future rate. 

Readers with patience can‘easily reason 
out way in the other three anomalous cases 
also, spot speculation would itself be an irra- 
tional behavior. To decompose spot specula- 
tion into two implicit component acts, one of 
which is in the irrational direction, does not 
mean that we are imputing some irrational- 
ity upon a rational behavior. It merely brings 
out im stronger relief the inherent irrational- 
ity cf spot speculation under those circum-. 
stances. 

' The reason why I wanted to subsume spot 
speculation under forward speculation and 
covered interest arbitrage is to simplify the - 
theory of the joint determination of forward . 
and spot exchange rates such that these rates 
can ke said to be determined by actions of 


_only three groups of participants: forward 


speculatozs, arbitragers, and commercial 
coverers, apart from government authorities 
who mnigEt intervene from time to time. Re- 


viewing this theory after the lapse of four- 


teen years, it is gratifying to find that this 
theory is indeed quite general as I claimed 
then. For in the two normal cases, spot 
speculation can certainly be split into two 
implicit activities, covered arbitrage and 
forward speculation, each following its own | 
rational principles of behavior. In the four 
anomalous cases that Stokes listed, spot. 
speculation is an irrational behavior and can 
therefore be ruled out. 

Having answered Stokes’ criticism, it is my 
turn to offer him some comments ‘in return. 
Stokes thinks that in the absence of govern- 
mental intervention the only cases possible 
are the two normal ones, i.e., F*> F> S* and- 


S> F>¥*. No explicit reason is given for 


VOL. 63 NO. 5 


this, but one might perhaps guess that the 
reason at the back of his mind is that he 
somehow regards that without governmental 
intervention his equation (8) would hold, i.e., 


| Cx] = | Cae. 


by which he probably meant that the desired 
stock of forward contracts held by forward 
speculators must equal the desired stock of 
forward contracts held by arbitragers in the 
opposite direction, i.e., Ca = — Cat. 

Why should this be true is a mystery to 
me. Certainly my theory would not lead to 
such a conclusion at all. Stokes apparently 
thought that, without government interven- 
tion, forward speculators and arbitragers 
would be the only groups of operators on the 
forward exchange market, so that the de- 
mand of the one must be matched by the 
supply of the other. 

This is patently not true; for he has left 
out a most important group of operators on 
the forward market, viz., traders seeking 
covering for their foreign exchange commit- 
ments. The chief social function of a forward 
exchange market is essentially to provide 
hedging or coveting to traders. If traders do 
not deal in forward exchange at all, forward 


Exchange 
rate 
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exchange market would lose its main raison 
d'être. When commercial coverers operate in 
forward market, there is no reason why 
Stokes’ equation (8), or rather Ca = — Cet, 
should hold at all. I cannot see any reason 
why Stokes should abandon my diagram 1 on 
page 96 in favor of his grossly simplified and 
incomplete diagram to show the forces at 
play on the forward exchange market and the 
determination of the forward rate. Had he 
used my diagram, he would see that it is not 
impossible to have, say, a situation like (10) 
F*> S> F, without any government inter- 
vention at all. As illustrated in Figure 1, 
there might be an excess supply of forward 
exchange on the part of commercial coverer 
(because of an export surplus). The excess 
supply may be absorbed by both the ar- 
bitragers and the speculators who for some 
reasons or other might expect only a mild 
appreciation. Thus the export surplus AB, 
which, under the assumption that traders 
cover all their trade commitments, would 
coincide with the excess supply of forward 
exchange on the part of commercial traders, 
is divided between forward speculators, who 
absorb AC = FD, and the interest arbitragers, 
who absorb CB = EF. 


(+) 
Amount of forward 
exchange traded 


FIGURE í 
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In this case, the generality of my theory | expected to be smaller than the sure return 
still stands; viz., that both the forward and of interest arbitrage, is certainly irrational 
the spot rates of exchange can be said to be and therefore can be ignored. 
determined by the actions of three groups of REFERENCE 
participants: the commercial coverers, the 
arbitragers, and the forward speculators. S. C Tsieng, “The Theory of Forward Ex- 


For in this case, spot speculation, which changes and the Effects of Government In- 
would occupy spot funds just as interest: tervention on the Foreign Exchange Mar- 
arbitrage, but which would yield a return ket” It, Monet. Fund Staff Pap., Apr. 


that is not only uncertain and risky but also 1959, 7, 75-106. 


Pitfalls in Financial Model Building: Comment 


By Kevin Crinton* 


Mark Ladenson’s recent elaboration of the 
point made by William Brainard and James 
Tobin, that security demand functions must 
be consistent with the balance sheet con- 
straint, overcomplicates a simple issue. 
Furthermore, the two contributions by 
Ladenson and by Brainard and Tobin, taken 
together, are incomplete and misleading in 
certain respects. This note gives a general 
statement of the conditions for exact exhaus- 
tion of the balancesheet constraint which in- 
cludes the Brainard and Tobin and Ladenson 
conditions as special cases, using derivations 
that are much simpler than those in Laden- 
son’s article. 

The demand functions with which I am 
concerned are written as linear functions, 
homogeneous in net wealth, W. Where y% is 
the desired amount of asset 7 at time t, these 
functions are 


K 
1) ya = BW + DO BatuWı 


k=l 
4=1,2,...,n 


In addition to wealth there are K explana- 
tory variables x. (interest rates, income, and 
the like) for the » assets. The 8’s are relevant 
coefficients, 

Assuming that there is a generalized stock 
adjustment mechanism at work with param- 
eters æli, J= 1, 2,..., 2) the asset demand 
functions become 


* 
(2) Aya = Dy aylyr — Yit) + YAW, 
; 


where A is the first difference operator and yi 
is a coefficient which determines the initial 
allocation of a change in wealth into the com- 
ponent assets. Substitute (1) into (2): 


* Department of banking and financial analysis, Bank 
of Canada, Ottawa. 
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(3) Aya l 
K 
= $ ay (sw t + S Bata Ws — Yia) 
j k=1 
+ y:AW, 


= > aib W e + » Xij = Birk W i 
j j $ 
— Do anyi + rA W: 
j 


The restrictions on the static model (1) 
are that > B;=1 and > B= 0 for all &. 
Assume that 2: a; is constant over 7. Sum 
(3) over i taking the foregoing into account: 


(4) >, Aya = Dy 2 a8 Wt 
1 à å 
= 2 a QizZVjt—-1 + De yiA Wi 
i j í 


In view of the fact that os ya = Wi, (4) can 
be rearranged into 


(5) w= (De Dat Dx) m 


-} (: — D ay z v) Wii 
or 


(6) W= ( E ay + x vs) W, 


It is therefore sufficient! for the equality in 
(4) to hold that 


(7) 2 ay = p= 2 Yi 


for all 7 


1 As Ladenson points out, only sufficiency is at stake 
in this discussion, despite Brainard’s and Tobin’s refer- 
ence to necessity. 
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Brainard and Tobin set >); 7:=1, so that 

;a@,;=0. Ladenson’s additional restriction 
is to set a y:=0, so that a aij=1. These 
two restrictions omit a number of admissible 
and interesting specifications. Consider, for 
example, the following system:? 


a = 1 — Jo y: #0, fori = f 


By ae 
OVEN a 


This system is consistent with (7). In view of 
this consistency it is interesting to find that 
Brainard and Tobin write, “If no cross ef- 
fects were allowed in the explicit equations 
of adjustment ..., then the counterparts of 
all the own adjustment coefficients specified 
would be loaded into the implicit adjustment 
equation for [the asset omitted by Walras’ 
jaw]”.3 That is, if a lagged dependent vari- 
able appears in one equation then it must ap- 


2 A specification actually used in the econometric 
model RDX2. 
3 See p. 106. The phrase in brackets is mine. 
\ 
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pear in at least one other equation also to 
provide for maintenance of the balance sheet 
identity Well, I have just provided a coun- 
there are no cross effects 
(a;;=0 for ij) and there is no omitted 
equation. 

If you want to avoid the pitfalls into which 
Brainard and Tobin stumbled, as well as the 
pitfalls which they found, you should mark 
them cl2arly. As a clear and simple warning 
of pitfells in dynamic financial models, I 
offer conditions (7). 
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Pitfalls in Financial Model Building: 
Reply and Some Further Extensions 


By MARK L. LADENSON* 


Kevin Clinton has provided an interesting 
counterexample to the verbal argument that 
the omission of cross-adjustment coefficients 
necessarily misspecifies the system of asset 
adjustment proposed by William Brainard 
and James Tobin.! However, Clinton’s speci- 
fication is not a counterexample to any of 
the formal propositions developed in my 
paper. As Clinton observes in a footnote, I 
dealt with two alternative sets of sufficient 
conditions for consistency of that system. 
He has presented a third alternative. All 
three of these alternatives are special cases of 
the complete set of necessary and sufficient 
conditions for consistency. I did not develop 
these latter conditions in my paper since, at 
the time I wrote it, I did aot recognize their 
economic interpretation. This interpretation 
can now be provided. I cherefore welcome 
the opportunity to develop the complete set 
of conditions. I will derive as one of these 
conditions the proposition that all columns 
of the adjustment coefficient matrix, A, have 
the same sum (ie, )¥; ai is constant for 
all 7). This is a proposition which Clinton 
needs in order to rearrange his equation (4) 


* Assistant professor of economics, Michigan State 
University. I am deeply indebted <-o my colleague Rob- 
ert H. Rasche for invaluable aid in preparing this note. 
I must also acknowledge my contiauing debt to Walter 
D. Fisher, although I have not discussed the note with 
him. I, of course, accept all responsibility for errors. 

1 Clinton’s specification that the change in each asset 
depends only on an own-adjustment coefficient multi- 
_ plied by the gap between desired and actual values of 

that asset plus a coefficient multiplied by the total 
change in wealth has been previously proposed by 
Gregory Chow. Clinton has shown that the balance 
sheet restrictions imply that in Chcw’s specification all 
own-adjustment coefficients must be equal to each 
other. It should also be noted that the ordinary least 
squares estimates of each equation will not satisfy this 
restriction. One would probably want to use the estima- 
tion method devised by Arnold Zelner, though allow- 
ance would have to be made for the fact that the errors 
add to zero across equations for eacn observation. 
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into his equation (5), and which he simply 
assumes. More important, however, will be 
our discussion of the meaning of the condi- 
tions. 

We begin with equation (11’) of my 1971 
paper in this Review: 


(11) AW, = XP ABX Wit 7 ABXLW, 
| — 1 Ayn + yaw AW, 
Since equation (2) of the paper, 7r’.=W,, 


holds identically in all time periods, and 
since W= Wia tHAW,, it follows that: 


Wi = ry + AW, 


We substitute this last identity into the first 
term on the right-hand side of (11’), recall 
that X; is identically equal to unity, and col- 
lect terms to get cy 


(I — ryvaw was xy AB, AW, me (7 AB) XW, 
= (r A By’ os r Ayi = 0 


This last relation will be satisfied if, and only 
if, 


(11%a) WU — r'yaw — 7’ AB,) = 0 
(11”b) r#AB=0 
(11o) Als Beh =0 


The set of equations (11”) constitutes the 
complete set of necessary and sufficient con- 
ditions for consistency of the Brainard- 
Tobin system. Taking these conditions in 
reverse order, we will discuss their meaning 
and their implications for Clinton’s counter- 
example. The third of them, (11/’c), is indeed 
the proposition merely assumed by him: all 
columns of the adjustment coefficient matrix 
must have the same sum. For Clinton’s 
counterexample to satisfy the condition, the - 
columns of A must all sum to zero or the ele- 
ments of the vector Bı must sum to unity. 
Since Clinton (following the derivation in 
my original paper) utilized the latter restric- 
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tion in the course of his work, the counter- 
example satisfies this condition. 

The elements of the matrix AB are impact 
multipliers. They give the impact effect on 
the assets (ceteris paribus) of changes in the 
exogenous variables other than wealth (in- 
terest rates and income). Equation (11“b) 
asserts that each column of this matrix must 
be equal to zero. That is, the impact effect of 
any interest rate or income change summed 
over all assets must be zero. For Clinton’s 
counterexample to satisfy the condition, the 
columns of A must sum to zero or the col- 
umns cf the matrix of structural coefficients, 
B, must sum to zero. Since Clinton (following 
the derivation in my original paper) utilized 
‘the latter restriction in the course of his 
work, his counterexample satisfies this con- 
dition. 

Equation (11a) deals with coefficients 
which give the effect of a change in net worth 
on the assets. These are the elements of the 
vector yaw and of the vector A Bı. It will be 
recalled that the elements of the former vec- 
tor are the coefficients of the variable AW, 
and the elements of the latter vector are the 
coefficients of the variable W. Thus, in re- 
duced form, the latter vector was named 41. 
- Since its elements are the product of adjust- 
ment coefficients and structural coefficients 
they are impact multipliers. The influence of 
changes in wealth on the asset adjustment 
process is represented by the elements of 
both vectors. Equation (11a) states that 
the sum of these influences must be unity; 
that the proportions in which a change in 


wealth is distributed across the portfolio add © 


to 100 percent. 

Unfortunately, as I noted in my paper, the 
complete system of adjustment equations 
cannot be estimated since an exact linear 
relation, Wi=r yer HAW, prevails between 
the variables for all possible observations. 
As a result, if we wish to retain the symmetry 
of the matrix cf adjustment coefficients we 
are not able to identify the elements of the 
vectors yı and yaw. (Equations (13Ra) and 
(13Rb) of my paper.) I suggested that we 
could deal with this problem by assuming all 
the elements of yı, on the one hand, or of 
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yaw, 20 the other, are equal to zero.? Equa- 
tion (11a) tells us that if we utilize the first 
of these alternatives, the elements of yaw 
sum zo one, and if we utilize the second, the 
elements of yı sum to one. In the former 
case we are setting the value of the impact 
multipliers equal to zero; we are assuming 
that the complete effect of a change in 
wealta on assets is represented by the ele- 
menis of yan. Since these are not multiplied 
by the adjustment coefficient matrix, this 
case, as noted in my paper, involves the as- 
sumption that the assets adjust instanta- 
necusly to a change in wealth. On the other 
hand, I argued that if we utilize the other 
alternative, we assume that such adjustment 
occurs with a distributed lag. This point 
shou.d now be more apparent, as we now 
recognize the elements of yı to be impact 
multipliers. 

It is possible to say more about patterns 
of adjustment and the meaning of these co- 
efzents. In the case in which we set the ele- 
ments of yaw equal to zero, the entire effect 
on the assets of a change in wealth is repre- 
ser.ted by the elements of yı. Since these 
involve multiplying the structural coeffi- 
cients, the elements of Bı, by the same ad- 
justment coefficients involved in the matrix 
A, we are assuming that the assets adjust 
to é change in wealth at the same speed with 
which they adjust to a change in one of the 
exogenous variables (interest rates or in- 
come). Equation (11’’a} does not, of course, 
recuire all the elements of yı or of yaw to be 
equal to zero. The sums of the elements of 
bozh vectors might be positive and, added 
together, equal to one. For example, in 
Clinton’s specification the elements of yı 
sum to a and those of yaw to (1—a). In fact, 
from a purely formal viewpoint, we cannot 
exclude the possibility that the sum of the 
elements of yı is positive, that of yaw is 
negative, and the two sums, added together, 
ecual one. What does it mean if the adjust- 
ment equation of one of the assets has posi- 
tive coefficients on both the W and AW 
variables? We have just seen thai the co- 


2 At this point in the paper I made an error which is 
ccrrected below. 


VOL. 63 NO. 5 LADENSON: PITFALLS IN FINANCIAL MODEL BUILDING ` 1007 


efficient of W involves the same speed of 
adjustment to a wealth-induced portfolio 
disequilibrium as to an interest-rate-induced 
disequilibrium. If the coefficient on AW is 
also positive it means that the effect of a 
change in wealth on the asset adjustment 
process is reflected both in the elements of yı 
(the coefficient of W) and in the elements of 
yaw (the coefficient of AW). Therefore the 
asset in question adjusts more quickly to a 
change in net worth than to a change inin- 
terest rates. In parallel fashion, if the co- 
efficient on AW is negative it means that the 
asset in question adjusts less quickly to a 
change in net worth than to a change in in- 
terest rates. Unfortunately, while these 
statements can be made in principle, if we 
wish to retain the symmetry of the adjust- 
ment coefficient matrix, there is no way to 
estimate the separate elements of y, and 
Yaw other than to assume that one or the 
other of these vectors is the null vector. 

I wish to conclude by correcting two errors 
in my original paper. The first was simply a 
matter of notation. For the sake of multiply 
ing conformable matrices, equation (13Rb) 
of my paper should have appeared as 


ye = [Pon Ta — Yawr’, yi + yaw] 
X Wi 
Vt—1 + Vi 
Wi 


The second error is more important and 
not so simple. In the second column on page 
183 I wrote: “To assume that the elements 
of yı are all equal to zero and all the ele- 
ments of X, are not constant over time im- 
plies that W, does not enter equation system 
(1) as an isolated variable in one of the linear 
terms. This in turn implies there is no func- 
tional dependence of the elements of the 
vector of equilibrium values of assets and 
liabilities, yf, on net worth, apart from a 
scale factor.” In other words, to set the ele- 
ments of yı equal to zero is to set the ele- 
ments of B; equal to zero in the relation: 


$ 
ye = (BıX:ı + BX,)W, 


But this is not the case. The ith element of 
yı is obtained by post-multiplying the ith 
row of the matrix A by the vector Bı (whose 
elements, of course, sum to one). Thus, in 
addition to requiring that each column of A 
sum to zero, we require that each row of A 
be such that all such inner products sum to _ 
zero. We also note that even though the 
variable IV does not appear in the equations, 
we can solve our estimate of A for an esti- 
mate of B; by rewriting equation (15a’). I 
wrote it in the paper as 


oo KJE 
0 r 


where [7 was our estimate of the matrix 
AB, A* our estimate of the matrix A, and 
the problem was to solve this system for Be 
our estimate of B. We can rewrite this equa- 


tion as: 
0 ae i ad a 
= BB 
F 0 | "|| f l 


We have added a column to the matrix on 
the left and a column to the second matrix 
on the right The additions merely state 
that each element of 4¢8%, our estimate of 
vi, equals zero, and that the elements of B$, 
our estimate of Bı, sum to unity. We can 
solve this system for BY in the manner de- 
scribed in my paper for Ga the system 
(15a’) for Be. 


3 It is instructive to compare this augmented version 
of equation (15a’) with my paper’s equation (15b’) 


_ which referred to a system in which the elements of yı 


were not constrained to zero, and the elements of 7; are 
the regression coefficients of W. 


(15b) K sa ie | es 


It is clear that the augmented version of (15a’) is the 
exact analogue of (15b’) for the case in which all the 
elements of y, are constrained to zero. 
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The Industrial Composition of U.S. Export and 
Subsidiary Sales to the Canadian Market: Note 


By H. G. Baumann* 


In a recent article in this Review, Thomas 
Horst has shown that for U.S. firms, exports 
(X) and subsidiary sales (P) represent al- 
ternative means of utilizing their technologi- 
cal superiority over Canadian competitors. 
Furthermore, he showed that the Canadian 
tariff and relative cost factors determined 
whether the U.S. advantage was exploited 
through exports or subsidiary sales. The 
purpose of this note is to present some addi- 
tional empirical support for Horst’s conclu- 
sions, and to indicate areas where further 
research is desirable. © 

In the equations estimated below, two 
measures which refer to the output rather 
than the input of the technological effort of 
industries are employed. The substitution of 
research and development (R&D) expendi- 
tures by patents issued in industry 7 in 
Canada (PA) yields the following results:! 


(1) = 049 + 175.37 PA; 
(1.54) 
R? = .16 d.o.f. = 12 


= 
| 


© 
= 
i 


172 + 594.15 PA; 
(3.09) 
R? = 44 dof. = 12 
222 + 759.52 PA; 
(3.50) 
R? = 51 dof. = 12 


(3) 


| 


This compares with Horst’s results for the 
same sample of industries as follows: 


(4) X: = .032 + 6.05 R&D; 
(2.55) 
R? = 35 dof. = 12 


* Assistant professor of economics, University of 
Western Ontario. I would like to acknowledge the help- 
ful comments of my colleague Don McFetridge. Ed 
Kolano performed the computations. 

1 Precise definitions and data sources for the variables 
are given in the Statistical Appendix: $;=X;+P;. 
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(5) P; = 190 + 13.51 R&D; 
(4.67) 
Ri= 41 dof. = 12 
(6) S: = 221 + 19.56 R&D; 
4.11) 


R? = .58 dof. = 12 


Therefore, it appears questionable that tech- 
nological intensity as measured by patents 
can explain U.S. exports to Canada (the 
critica] value for the t-statistic at the 5 per- 
cent level with 12 degrees of freedom is 1.78), 
but that patents do better (higher R?) than 
R&D in explaining subsidiary production. 
However, the former result changes dramati- 
cally when the following log formulation is 
used: 


(7) ln X; = 5.17 + .940 In PA; 


This formulation has a higher R? than the 
equivalent equation with the log of R&D as 
the explanatory variable, and in general the 
log form gives a slightly better fit. When 
both patents and R&D are introduced as 
independent variables the variables fail to 
be significant thus indicating a multicollin- 
earity problèm. It appears then that 
patents and R&D can be used interchange- 
ably as measures of technological intensity. 

However, some observers feel that patents, 
like R&D, are undesirable as proxies for 
technological intensity. For example, there 
may be a bias from one industry to the next 
in terms of the extent to which patent pro- 
tection is sought. Fortunately, McGraw- 
Hill has undertaken a survey over a number 
of years which asks managers to estimate the 
amount of sales of “new” products at some 
date in the future. New products (VP) are 
defined as products which are not being sold 
at the time of the survey. For example, in 
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1965, managers in the machinery industry 
estimated that 23 percent of 1969 sales 
would consist of products not yet produced. 
When these data are employed the estimated 
equations are: 


(2.86) 
R? = 45 dof. = 10 
(9) P; = 356 + .154 NP; 
(.181) 
R? = 003 d.of. = 10 
(10) S; = .335 + 1.07 NP; 


(1.14) 
R? = 12 dof. = 10 


The export equation confirms that the 
United States tends to exploit her compara- 
tive advantage in producing new products. 
The results are better than when R&D is the 
explanatory variable, which is not surprising 
given that NP adjusts for the efficiency of 
the R&D effort to some extent. A second 
reason for the higher R? with NP mav be 
that the U.S. comparative advantage is 
probably not entirely based on a technologi- 
cal advantage, narrowly defined, but also on 
general organizational, marketing, and fi- 
nancial skills which are more crucial for new 
as compared with old products.? 

The three equations above taken together 
‘give some support for the product cycle 
theory pioneered by Raymond Vernon. Ap- 
parently there is a lag between the produc- 
tion and export of a new product from the 
United States and the production of that 
same product by U.S. subsidiaries in 
Canada. This would account for the fact 
that production of U.S. subsidiaries does not 
appezr to be concentrated in industries where 
new products form a large proportion of total 
sales. (By the time that a product is manu- 
factured in Canada, 1.e., after the imitation 


2 This point was already made by Horst, but the fol- 
lowing empirical results may substantiate his statement. 
The advertising to sales ratio in U.S. industries fails to 
be significant when introduced as an explanatory vari- 
able into the above equations. This variable may be 
taken as a proxy for the degree of product differentia- 
tion, znd old and new products may be highly differenti- 
ated, but the former do not require innovative talents 
either of the scientific or managerial type. 
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lag, it is already in the growth or mature 
phase of the product cycle, and hence, VP 
fails tc be significant.) A more appropriate 
variable for the second equation would prob- 
ably be the percentage of production carried 
on with new processes in the various in- 
dustries, but these data are not available.’ 
However, it is possible to adjust the R&D 
variable by weighting it with the percentage 
of entrepreneurs who believe that techno- 
logical breakthroughs will occur in process- 
ing within a particular industry. The follow- 
ing results were obtained irom this exercise: 


(11) P; = 185 + 35.4RDA; 
(2.80) 
R? = 44 d.of. = 10 


Tn conclusion, our results confirm those of 
Horst with the additional refinement that 
the somparative advantage of U.S. exports 
is largely based on product innovating while 
the comparative advantage of U.S. sub- 
sidiaries may be based on process innovating. 

Hecrst also explains the choice between 
U.S. exports and foreign subsidiary produc- 
tion. In the Canadian case, he finds that the 
higher the Canadian tarifi (¢) and the smaller 
the size of the Canadian market (Z), the 
larger will be the ratio of U.S. exports to 
subs.diary production for any given industry. 
Although Horst mentions real cost considera- 
tians other than economies of scale as deter- 
mining the above choice, he does not intro- 
duce them into his equations. However, 
existing data make it possible to introduce 
the -atio of U.S. to Canadian wages per man- 
hour paid (WA). Horst’s original results, 
and results with this additional explanatory 
variable are given below: 


X: 
(12) ln (= = — 23 — 2.45 In (1+ t; 
S: (3.23) 
— 12.6 Z; 
(3.24) 
R? = .70 d.o.f. = .15 


* in a recent paper, David Ault has shown that the 
export performance of the steel industries of a sample 
oi countries car be explained by their use of different 
steelmaking processes. Of course, new products and pro- 
casses may occur simultaneously, and therefore this dis- 
tinction is not always valid. One example of the latter 
case nas been studied by J. E. Tilton. 
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Xi 
(13) Im{ — | = 5.62 — 2.72in (1 + t) 
(4.42) 
— 19.2 Z; — .046 W A; 
(5.86) (3.84) 
R? = 87 d.o.f. = 14 


t 


Obviously Horst is on the right track since 
the R? is raised from .70 to .87 and the wage 
variable has the right sign and is significant. 
However, the model is still not complete 
since the costs of raw material and manufac- 
tured inputs have been left out. Conceivably 
one might construct a variable of input costs 
based on U.S. and Canadian prices for the 
major or representative inputs of the in- 
dustries in the sample, but this would be a 
major undertaking. 


STATISTICAL APPENDIX 


-Horst was kind enough to supply me with 
data on the first six variables defined below. 
I would like to thank Imre Bernolak of the 
Department of Industry, Trade, and Com- 
merce, Ottawa, for helping with the data on 
wages and material costs in U.S. and Cana- 
dian industries. Data are for the year 1963. 


P:= Sales by U.S.-owned subsidiaries in 
Canada divided by total sales of all 
Canadian firms plus total Canadian 
imports for commodity 7. 

X;=U-.S. exports to Canada divided by 
total Canadian sales plus total Cana- 
dian imports of commodity 2. 

S= X; +P: 

R&D:= Company sponsored research and 
development expenditures divided 
by total sales for industry 7 in the 
United States. 

t;= Estimated nominal protection of the 
Canadian industry. 

Z;= Ratio of Canadian production plus 
imports divided by U.S. domestic 
production for industry t. 

PA,;=Patents granted divided by total 
shipments of industry 7 in Canada. 

Data for patents are from O. J. 
Firestone. Shipments data are from 
Statistics Canada. Patents are classi- 

-fied into industries according to 
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their end use. For comparison pur- 
poses it may have been desirable to 
use U.S. data. However, only 5.5 
percent of patents granted in Canada 
have a local origin while 69.8 percent 
originate in the United States and 
24.7 percent come from elsewhere 
(based on total patents granted 
1957, 1960, 1963). In any case, when 
only patents granted to U.S, firms 
or individuals are included, the em- 
pirical results do not change. Nor do 
they change if three-year totals 
(1957-+1960-+-1963) are used which 
indicates that the flow in one year 
does in fact reflect the stock as 
Horst assumes. 


NP;= Percent of 1969 sales consisting of 
products which were not produced 
in 1965. The source for these data is 
McGraw-Hill Economics Depart- 
ment. Ideally, the data should refer 
to 1963, but experimentation with 
data from more recent years did not 
lead to results different from those 
presented in the note. 

RDA,;=(R&D)xA; where A=fraction of 
managers who believe that impor- 
tant breakthroughs will occur in 
processing as opposed to new prod- 
ucts in industry 7. The sources for 
the data are the same as those given 
for RD; and NP; above, respectively. 

WA;= U.S. wages per man-hour divided by 
Canadian wages per man-hour. 
Data for this variable are from De- 
partment of Industry, Trade, and 
Commerce, Ottawa. The data were 
converted from a three-digit basis to 
a two-digit basis by using employ- 
ment figures as weights. 
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-Lifetime Portfolio Selection in Continuous Time for a 
Multiplicative Class of Utility Functions 


By Gordon PyE* - 


In a recent paper, Richard Meyer has 
studied the lifetime portfolio problem in 
continuous time for a multiplicative class of 
utility functions. Though obtaining a num- 
ber of general characteristics of the optimal 
policy, he is able to obtain an analytic solu- 
tion only for a special limiting case that 
corresponds to the additive family. The solu- 
tion for this additive family is known from 
‘the independent work of Robert Merton, 
who, for continuous time, attacked this case 
directly. The continuous time case requires 
the assumption that the distribution of re- 
turns follow an infinitely divisible normal 
process. The discrete time case does not 
require this assumption. The additive family 
in discrete time has been studied by Edmund 
Phelps, Nils Hakansson, David Levhari and 
T. N. Srinivasan, and Paul Samuelson. 

The purpose of this note is to point out 
that an analytic solution can be obtained 
for a subclass of the multiplicative family 
studied by Meyer. For discrete but not con- 
tinuous time, I have given this solution in 
my 1972 paper. This solution differs signifi- 
cantly from that for the additive case in 
either discrete or continuous time. In the 
additive case, for a stationary distribution of 
returns, the proportion of wealth invested 
in risky securities doesn’t change with age. 
This is not true for the solution in the multi- 
plicative case. The proportion of wealth in- 
vested in risky securities increases or de- 
creases with age as risk aversion is greater or 
less than that of the logarithmic utility func- 
tion. The measure of risk aversion is the 
index of relative risk aversion developed by 
Kenneth Arrow and by John Pratt. If the 
logarithm may be thought of as the dividing 
line between optimists and pessimists, this 
result may be interpreted as follows. Opti- 


* Professor of business administration, University of 
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mists tend to gamble less as they grow older 
as they have less to gain, whereas pessimists 
gamble more as they have less to lose. Un- 
like the additive case, risk aversion in port- 
folio selection also depends on impatience in 
the multiplicative solution. Risk aversion in 
portfolio selection increases with impatience 
for optimists, while the reverse holds for 
pessimists. As the propensity to consume also 
depends on impatience, this means risk aver- 
sion and the propensity to consume will be 
correlated through their mutual dependence 
on impatience. For optimists, the correla- 
tion will be positive, whereas for the pessi- 
mists, it will be negative. 

Consider an investor at time t with a re- 
maining lifespan of T—t. Following Meyer, 
the utility of his remaining consumption 
stream will be taken to be the following: 


(1) Uy = ô exp fr J “aru(ets)ash l 


lim ô exp {yatu(c(t)) At} Urzat 
Ato 


+i 
a 

—1 
In (1), u(c) is the utility of consuming at the 
rate c at any instant of time, a is a discount 
factor reflecting impatience which satisfies 
O<a<i, and y is a parameter which will 
turn out to be related to risk aversion in 
portfolio selection in the solution to be ob- 
tained below. It is to be noted that the addi- 
tive family studied by Merton can be ob- 
tained from (1) by expanding in terms of y, 
letting y approach zero, and disregarding 
terms of order y? or smaller. 

The investor’s net worth at t is denoted 
by wi. There are two securities available for 
investment, one risky and the other riskless. 
Let 2% be the proportion of net worth in- 
vested in the risky security, and let 1 — zy be 


Il 


y>0 
y <0 
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the proportion, invested in the riskless one. 
- The risky return is taken to be infinitely 
divisible and normally distributed. Denoting 
the return over At by r(At), the mean and 
variance of r,(At) are taken to be „At and 
o*At for any At. The return on the riskless 
security is taken to be pAt. It is assumed that 
>p. The proportionate rate at which net 
worth is consumed will be denoted zo. The 
consumption rate is therefore: c(t) = Zut. 

Let V(w, t) denote the maximum ex- 
pected value of Ui, given w, and that an 
optimal policy is followed in t and subse- 
quently. Use of (1) and application of the 
optimality principle gives the following rela- 
tion which must be satisfied by V for small 
At: 


(2) Vw, t) = Mex exp { yatulzaw) At} 


ZOt E14 
Ef V (werat, t + At) | ws} 


For small At, the dependence of investment 
income on consumption withdrawal over At 
can be neglected so that wrist is given as 
follows: 


(3) Wrpa, = (1 -+ pAt + (r,(At) 
= pAtzit me ZorAt)ur 

Expanding the exponential in (2) with re- 
spect to At; expanding V(werat, t+At) with 
respect to both its arguments about w and t, 
respectively; and making use-of (3) and the 
properties of E{r,(At)} and Var {r,(At)}; 
one obtains for small At (neglecting terms of 
order (At)? or less): 


(4) Flw, t) = Max V(w, t) 


Zotit 

+ (p + (u — p)zs 
— Zot) AtwrVio(we, t) 
— AtVilw, t) 


+ 1/2 o Ate,.w, V wolWe, t) 
+ ya ulzaow) AtV (w, t) 


where Vo, Vow, and V; have been used to 
denote partial derivatives with respect to the 
first and second arguments of V. Dropping 
V(w, t) from both sides of (4), dividing by 
At, suppressing the t subscript on the state 


t 
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and decision variables, and suppressing the 
arguments of V and its partial derivatives 
gives: 

(5) 0 = Max ip + (u — p)ti — 20)wVy + Vi 


+ 1/2 o gw Vouw + yor (29) V 


The optimal policy must satisfy the partial 
differer.tial equation given in (5). The equa- 
tion in (5) agrees with that given by Meyer 
with tke following exceptions: V+ is not taken 
to be equal te zero even when T= œ, since 
V ard the optimal policy depend on t; & is 
not sudpressed by setting a=1 since having 
O<a<1 is necessary for the proper coverg- 
ence 91 V when T=; and the sign of y is 
not assumed to be negative, as having risk 
aversion either increasing or decreasing with 
age is taken to be a logical possibility. The 
equation in (5) agrees with that given by 
Mertcn except that the last term containing 
w(c) is multiplied by V, reflecting the fact 
that the multiplicative and not the additive 
famil» is being considered. 

When u(c)=/# c, an analytic solution can 
be obtained to (5) for either a finite or an 
infinite horizon. The latter can be obtained 
directly or as a limiting form of the finite 
case, providing 0<a<1 as is being assumed. 
For simplicity, only the solution to the in- 
finite case will be derived here. Portfolio 
selection behavior in either case is of the 
same form. The solution is given in the fol- 
lowirg theorem: 


THEOREM: The solution to the lifetime port- 
Joko selection problem in continuous time for 
ulc)=lncand T= œ is as follows: 


(6 V = a(thw ®© A(t) = — yat/In a 
a(t) = 6(—Ina) exp {—d(1 + p/In a) } 
(1 — A) 0)? 10? In a 


1 It is to be noted that having e =1, T= œ, and y <0, 
as dces Meyer, will mean necessarily that V =0. This 
foliows because a policy of investing all net worth in the 
risxless asset and consuming the riskless income will 
meke fT w(c(s))ds unbounded with certainty and hence: 


y =E jexp j- J wetsnast = 1) 


Presamablv, many other policies will also give V =0, so 
the problem is not well formulated. 
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* 2 

git = (u — p)/o (1 — A) 

To see that (6) is the solution to (5) under 
the specified conditions, substitute «{c) =1n c 
and the V given in (6) into (5). Using 
WVeo=AV, w2Vnw=AA—LV, and Via=AV 
ln we Vy a (where the dot notation indicates 
the time derivative) gives: 

(7) 0 = Max V[(p + (u ma p)zı = ZA 


20,21 

+hinw + a/a 

EOE Ce E 

t 

+ ya In (zw) | 
Taking ôV outside the maximization opera- 
tor because it is positive and independent of 
Z and 2, and observing that À In w+yat 
In w=0, gives the following: i 
(8) 0 = Max6[dp + (u — p)21 — 20) 


ET N EE 2, 
+ ya In zo] 
0 = a/a+ Ap 


+ Max | —zo — In aln zo} 


+ Max { (u — p)zı 


aa ec. 


Solution of these two simple maximization 
problems gives 23=—In a and zij=(u—p) 
/o*{1—2), as stated in (6). It is to be noted 
that the maximum with respect to zı has 
been taken as internal and independent of 
constraints on margin purchases or short 
sales. Substitution of these solutions into (8) 
shows that V is the required solution, if a/a 
satisfies the following differential equation: 


(9) 0 = åá/a + dp + yet(n(—In a) — 1) 
+ A(u — p)?/207(1 — A) 

By using the a(t) given in (6), it is easily 
verified that this a(t) does provide a solution 
to (9). 

For finite T, the portfolio solution will 
be of the same form as (6) except that 
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A= —yat(1—aT-t)/in a. The optimal pro- 
pensity to consume is no longer independent 
of t, being given by: 

—Ine/(i—a) 

The expression for a(t) is considerably more 
cumbersome. 

As shown in the introduction, the limiting 
case as y—0 for (1) gives the additive family. 
Here, the special case of the additive family 
with a logarithmic utility function is ob- 
tained. The solution for this has been given 
by Merton. It corresponds to the solution 
in (6) for 2g and zi, with y=0 (i.e., \=0). 

The solution in (6) for zi, is easily inter- 
preted to verify the results stated in the in- 
troduction. Differentiating zi, with respect to 
t gives: 


* 
Zor = 


dzi it 


(10) ae — ya'(u — p)/o (1 —d)" 


Thus, the proportion of the portfolio invested 
in the risky security increases with age if 
y<0 and decreases with age if y>0. The 
additive case with y=0 forms the watershed. 
Referring back to (5), this is easily related 
to the Arrow-Pratt index of relative risk 
aversion in portfolio selection. The optimal 
portfolio at any time is that obtained by 
maximizing E{V}. This may be seen as 
follows. For gambles, small relative to 
wealth, E {V } is equal to a linear function of 
mean and variance where the coefficient of 
variance is WV ew/2Vw, or —1/2 times the 
index of relative risk aversion. Here the 
gamble will be small, relative to wealth for 
small At. From (5) the optimal portfolio is 


given by 
WV ow 2 i 
C 21 
2V o 


where the term in brackets is the required 
linear function of mean and variance of re- 
turn. From the V given in (6) the index of 
relative risk aversion in portfolio selection 
at any time is 1—A(t). It will be greater or 
less than that of the logarithm (which is one) 
as y is negative or positive. Thus, risk aver- 
sion in portfolio selection as measured by 





wV» Max + (u — p)ti + 
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this index is seen to rise or fall with age as 

- risk aversion is less or greater than that of 
the logarithm. 

Differentiating zę with respect to æ gives 


(11) dee ie eee Died: 
gt —_— — 
| cps te Coe 


fo (1d) (Ina) 


Thus the proportion invested in.the risky 
‘security increases or decreases with increas- 
ing patience as risk aversion is less or greater 
than that of. the logarithm. The propensity 
to consume (i.e., 26 = —/m a) decreases with 
increasing patience. Therefore, risk aversion 
in portfolio selection and the propensity to 
_ consume will be negatively or positively cor- 


related, as risk aversion is less or greater . 


than that of the logarithm. 
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Social Return to Public Information Services: Statistical 
Reporting of U.S. Farm Commodities: Comment 


By LAWRENCE N. SMITH AND Bruce A. SCHERR* 


In a recent issue of this Review, Yujiro 
Hayami and Willis Peterson present a prac- 
tical application of Alfred Marshall’s social 
welfare concepts. Their approach, in the 
tradition of public goods analysis, seeks to 
measure the social returns to improvements 
in information about U.S. farm commodities. 
Their strong theoretical argument is jeop- 
ardized by their empirical evidence leading 
to exaggerated and unrealistic conclusions. 
We have two basic criticisms of their anal- 
ysis: 1) they use highly inelastic demand 
elasticities for grains which exclude export 
and animal feed uses; and 2) their conclu- 
sions are dominated by the marginal social 
returns for only two of the seventeen com- 
modities studied. Their distribution of re- 
turns raises specific questions about sampling 
techniques for the two commodities which 
may be more important than the broader 
issue of social returns to public information 
services. 


I, Erroneous Use of Some Elasticities 


The price elasticities of demand used by 
Hayami and Peterson for the three food 
grains and three feed grains create exag- 
gerated returns and highly sensitive benefit- 
cost ratios of meaningless dimensions for 


practical government decision making. Gov- 


ernment decision making, using benefit-cost 
ratios, requires both a “yes we do” (or “no 
we don’t”) decision as well as a “how far do 
we go” decision. The Hayami and Peterson 
analysis appears to suggest that government 
should invest in sampling improvements to 
reduce typical sampling error for all com- 
modities to the 0.0 percent level. For a 0.0 
percent sampling error complete enumera- 
tion 1s required which we are sure was not the 
intent of the analysis. 


* President, Lawnel Farms, Inc., Piffard, N.Y. and 
graduate instructor, Purdue University. 
1 See Marshall, pp. 124-133, 140, and 810-812. 


The logic of the theoretical argument pre- 
sented is that the more inelastic the demand 
function for a given commodity, the greater 
is the potential for increased social returns. 
The elasticities, taken from G. Brandow, 
p. 59, range from —.01 to —.04 for oats,. 
barley, wheat, corn, rye, and rice. Brandow 
specifically states that these elasticities ex- 
clude the quantities demanded for export or 
for feed. 

Using Hayami and Peterson’s method, the 
15.8 percent sampling error in reporting an- 
nual rice production could set off an inven- 
tory holding action which would last until 
the price of rice increased 395 percent to 
$24.75 per cwt. The infleted price according 
to their estimation, would cause a social 
loss of $289.6 million as the error is allowed 
to run its course. In all important appli- 
cations of the concept of consumer sur- 
plus, Marshal! concerned himself solely with 
the range of normal price variation.” Further- 
more, historically (last 15 years) the greatest 
annual change in rice prices was $.59 (13 
percent) and the average annual change in 
price was only 2.6 percent. 

For the years included in the Hayami and 
Peterson study (1966-68) 9 percent of U.S. 
corn production was used for human food 
and industrial use and only 5 percent of the 
oats. Thirty percent of the barley produced 
was used for human food and industrial 
use.* This indicates that the demand elas- 
ticities used should be for combined uses, 
and that social loss, as defined by Hayami 
and Peterson, should be ñgured on a crop 
value for human food and industrial use for 
the six food grains. . 

Brandow, in the same reference used by 
Hayami and Peterson states, “... rough 
estimates place the elasticity for low-protein 


2 See Mark Blaug, p. 262. 
3 See Agricultural Statistics 1969. 
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TABLE 1—A Comparison oF ESTIMATES OF MARGINAL 
Socrat BENEFIt-Cost RATIOS CORRESPONDING TO 
REDUCTION IN TYPICAL SAMPLING ERROR IN - 
THE SURVEY FOR STATISTICAL REPORTING OF 
Farm COMMODITIES, UNITED STATES, 
FROM HAYAMI AND PETERSON TO 
SMITH AND SCHERR, 1966-68. 


Change in Hayami-Peterson Smith-Scherr 
Typical 
Sampling ` Multiple Multiple 
Error Area Frame Area Frame 
(percent) Sample Sampling Sample’ Sampling 
from 3.0~2.5 824.0 824.0 _ $12.9 312.0 
2.5~2.0 619.6 619.06 238.0 238.0 
2.0-1.5 93.0 106.0 39.1 44.4 
1.5-1.0 57.0 60.0 22.5 23.7 
1.0-0.5 7.4 13.0 2.8 4.8 
0.5-0.0 1.0 1.6 0.3 0.6 


feeds at —.36.” He further suggests that the 
demand for corn for all purposes apparently 
has an elasticity of about —.50, and that 
the elasticities for the other feed grains could 
considerably exceed unity because they com- 
prise so small a share of the total low protein 
feed supply.4 Earlier work by Henry Schultz 
suggested an elasticity coefficient for corn 
at the farm level of —.77, for oats —.54 and 
for barley —.17. Recent work at Purdue by 
Peter Emerson (p. 155) found a price elas- 


ticity of demand for wheat for all uses of . 


—.25 and for rice’ —.20. 

It is not the purpose of this comment to 
engage in an exchange of contrary estimates 
of price. elasticity of demand. With adjust- 
ments in demand elasticities for combined 
use, we found a 67 percent reduction in the 
total benefits generated when the sampling 
error is improved from 3.0 percent to 2.5 per- 
cent. Table 1 shows the more reasonable 
. benefit-cost ratios which emerge when the 
elasticities referenced above for combined 
use for the six grains are used. 

Thé new lower levels of return still fall 
within the 500 percent range allowed for 
inaccurate coefficients by Hayami and Peter- 
son. Can error in excess of 1000 percent for 
the six grains be considered “good enough for 
government work”? The lower levels of re- 
turn representing new lower bounds than 
those reported by Hayami and Peterson still 
appear to support arguments for improved 
crop information. The higher elasticities 


4 This argument is supported by Brandow, p. 8. 
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have zhe added advartage of lending cred- 
ence 7c the benefit-cost ratios indicating a 
cutofi point short of complete enumeration 
at the 0.5 percent typical sampling error 


| level. 


I>. Dominance of Rice and Potatoes 


‘The Hayami and Peterson justification for 
imprcving public information “services is 
largely based on rice and potatoes. Table 2 
shows results using our adjusted elasticities 
when rice and potatoes are removed from the 
analysis. Before adjustment, 56 percent of 
the marginal social benefits from improved 
infor ration came from rice and potatoes. If 
the elastic‘ty for rice is adjusted upward as 
we suggest, then potatoes alone provide 54 
percent of the marginal social returns. At the 
time of the 1964 agricultural census, rice 
madz up .6 percent and potatoes .4 percent 
of Ù S. total crop acres. Perhaps the research 
question should’ have been, “Should the 
government invest to improve crop informa- 
tion about potatoes?” 

Ir zhe public goods tradition we ask, “Can 
the social returns to potato eaters be used to 
justfy, as their analysis shows, a complete 
enumeration of all commodities?” With such 
a strikingly skewed distribution of returns, 
it would appear more appropriate to ask 
potato eaters and the potato industry to pay | 
for the cost of their information knowing — 
tha- benefits to the consumers of the other 

commodities are small, making it possible. 
for benefits to be divided: | 

ð more practical approach for Hayami 


Tarz 2—~—COMPARISON OF MARGINAL BENEFIT-CosT 
RATIOS AS CALCULATED BY SMITH AND SCHERR, 
CORRESPONDING TO CHANGES IN TYPICAL 
SAMPLING ERRORS, UNITED STATES 1966-68 


Marginal Benefit-Cost Ratio 


: Without Rice and 
Crange i in With Rice and Potatoes Potatoes 
` Typical Sane aE 
Sempling f Multiple Multiple 
Error Area Frame ' Area Frame 
percent? Sample Sampling Sample Sampling 
fror: 3.0 to 2.5 312.0 312.0 87.2 87.2 
2.5 to 2.0 238.9 238.0 68.1 68.1 
2.0 toł.5 39.1 44.4 9.5 10.8 
1.5 to 1.0 22.5 23.7 ' §.8 6.1 
1.6 to 0.5 2.8 4.8 0.7 1.2 
‘ 0.5 to 6.9 0.3 0.6 0.0 0.1 
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TABLE 3—PROPORTIONED SURVEY COST AND MARGINAL BENEFIT-Cost RATIOS 
FOR Srx Gras, 1966-68 


Six Grains® (millior. dollars) 


Area Sample 1.2 
Multiple Frame Sample 1.2 1.32 


Typical Sampling Error, 
Major Commodities 3.0 25 


Changein Typical 


Sampling Error Multiple 
(percent) Area Frame 
from 3.0 to 2.5 0.12 0.12 
2.5 to 2.0 0.13 0.13 
2.0 to 1.5 0.59 0.52 
1.5 to 1.0 0.74 | 0.71 
1.0 to 0.5 3.35 1.90 
0.5to0.0 15.85 11.02 


g 6 (Survey Cost) 


7 = Proportioned Cost 


and Peterson would have been to place po- 
tatoes in their production adjustment model 
with more reasonable marginal social returns 
as a result. This approach could be justified 
since potatoes can be grown somewhere in 
the United States each season of the year. 

The Hayami-Peterson analysis does not 
show the relationship between survey costs 
for each commodity and returns for each 
commodity. It should be apparent that crops 
covering less than 1 percent of total crop area 
would cost less to survey than the major 
commodities. We have prepared a table 
(Table 3) which uses survey costs propor- 
tioned evenly among commodities to arrive 
at benefit-cost comparisons for the six 
grains. Our results show a definite invest- 
ment cutoff point at the 0.5 percent typical 
sampling error level using a stratified or 
multiple frame sampling method. 


III. Conclusions 


In conclusion we support the theoretical 
argument used by Hayami and Peterson if 
it is limited to the normal range of commod- 
ity price changes. We support efforts to im- 
prove farm commodity production informa- 
tion on the basis of adjusted elasticities and 
more specific benefit-cost relationships. Our 


1.45 2.04 2.78 6.03 
1.45 1.97 2.68 


Marginal Survey Cost 


21.88 


4.58 15.60 


2.0 1.5 1.0 0.5 0.0 


Grain Returns Relative to 
Grain Costs, Marginal 


Grains Benefit-Cost Ratios 
Inventory 
Adjustment Multiple 

(million dollars) Area Frame 
27.1 225.0 225.0 
19.1 146.0 146.0 
11.9 20.0 22.0 

9.5 12.8 13.3 

5.5 1.6 2.8 

3.3 0.2 0.3 


major regret is that the article presented a 
careless empirical analysis, leading to mean- 
ingless benefit-cost ratios which are useless, 
if not misleading, for public decision making. 
Presumably, to provide guidelines for such 
decision making is what Hayami and Peter- 
son’s efforts—if not efforts of all economists 
—are supposed to accomplish. 
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Social Return to Public Information Services: Statistical 
Reporting of U.S. Farm Commodities: Reply 


By Yuyiro HAYAMI AND WILLIS PETERSON” 


We agree with Lawrence Smith and Bruce 
Scherr that the demand elasticities should 
apply to the total market demand for the 
commodities in question rather than to one 
particular market. However the choice of 
demand elasticities is not quite as simple as 
they might lead us to believe. It is necessary 
to keep in mind that the time allowed for 
quantity to adjust to price changes in the 
inventory adjustment model is relatively 
short. The adjustment period implicit in this 
model takes place within the crop year. In 
the case of feed grains, the quantity adjust- 
ment has to come largely from changes in the 
rate of feeding rather than from changes in 
livestock numbers. Since changes in the 
feeding rate generally are profitable over only 
a very narrow range for most classes of live- 
stock, we would expect the short-run demand 
elasticities to be substantially less than long- 
run elasticities which allow for adjustments 
in livestock and poultry numbers. 

The demand elasticities presented by G. 
Brandow which our critics would have us 
use are long-run elasticities that were applied 
to a long-run supply control model. As 
Brandow specifically states, “Adjustments 
thus described for the feed-livestock econ- 
omy are long term and would take place with 
varying lags, probably coming most slowly 
in dairying” (p. 7). In regard to the elas- 
ticities, he points out, ‘‘The elasticities used 
in the model are intended to apply when 
enough time is allowed for livestock adjust- 
ments to take place and for inventory changes 
fo be unimportant” (p. 9, italics added for 
empkasis). Although the authors do not 
specify whether they use Brandow’s esti- 
mates or not, it is fairly clear that they use 
comparable figures in their calculations. 
Tnus they apply long-run demand elasticites 


* Professors, Tokyo Metropolitan University, and 
University of Minnesota, respectively. 


to a short-run adjustment model, which to 
us des not seem entirely appropriate either. 

Al-heugh we welcome efforts to estimate 
demer.d and supply elasticities specifically 
applicable to the models at hand, we do not 
feel zhat much can be gained by searching 
the literature for parameters that may bias 
the ssilmates one way or another. The results 
are not likely to change the overall conclu- 
sions of the study. Indeed the estimates pre- 
sented by Smith and Scherr fall within the 
ranze of estimates presented in Table 5 of 
our erticle. This table is not intended to 
bracket the true values, as our critics imply, 
but mainly to illustrate that the marginal 
berefit-cost (B/C) ratios of increasing the 
overell average sampling accuracy from 2.0 
to 1.5 percent remains relatively attractive 
even when we impose these rather severe 
dovnward biases on the data. The Smith- 
Scherr estimates show the same thing. Cer- 
tainly we do not suggest that the sampling 
error be reduced to zero. When dealing with 
such gross figures as this, a B/C ratio in the 
neizaborkood of one certainly would not be 
corsidered attractive. However, it should be - 
stressed that the estimates presented in 
Taole 4 of the original article already contain 
a aownward bias in that the inventory ad- 
justmen: model is applied only to crops and 
the production adjustment model is applied 
on_v to livestock. 

In reference to the dominance of rice and 
potatoes in the social returns, we should 
paint out that the article deals only with a 
specific and fairly narrow range of sampling 
er-ors. Within a different range, such as be- 
treen 5 and 10 percent, we might reasonably 
expect other commodities such as wheat and 
ccm to provide the major share of the 


1 We should also point out that an additional social 
rezurn is likely to be forthcoming if the government can 
use such information to obtain a more efficient alloca- 
tier. of its investment expenditures. 
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returns. Of course, if data were available on 
the relationshlp between sampling cost and 
error of specific commodities the B/C ratios 
could be estimated for each commodity 
separately. We did not do this because the 
data were not available to us. 

In regard to the wide range of price 
changes implied by the sampling errors and 
demand elasticities, it is necessary to bear in 
mind that the sampling errors are averages 
of errors inherent in a number of surveys 
conducted from planting to harvest. Na- 
turally the expected price would come closer 
to the market clearing price as harvest time 
approaches. As an analogy, it is considerably 
easier to predict the score of a football game 
in the fourth quarter than before the game 
begins. Given sufficient information, it 
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would be possible to calculate the social re- 
turns of additional information that is made 
available during the crop year. 

We would hope that this comment and 
reply does not detract from what is perhaps 
the most important aspect of the article, 
namely that investment in market informa- 
tion can be viewed as yielding a social return 
to society in general as opposed to only a 
means of increasing short run profits to pri- 
mary producers or marketing firms. 
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On Ignorance and Equal Distribution 


By AMARTYA SEN” 


There has recently been a revival of in- 
terest in Abba Lerner’s proposition on maxi- 
mization of probable aggregate welfare 
through a policy of equal distribution in a 
situation of Bayesian ignorance as to who 
has which utility function. Maurice Mc- 
Manus, Gary Walton, and Richard Coffmen, 
and Roger McCain have presented in the 
June 1972 issue of this Review formal ver- 
sions of Lerner’s theorem based on explicit 
formulation of probability distributions of 
utility functions for different individuals. 
Further, McManus et al. have shown that 
the optimality of equal distribution holds 
also under the ‘‘maximin”’ strategy of maxi- 
mizing the lowest value of aggregate welfare 
for any distribution, and this result does not, 
naturally, depend on the exact assumptions 
about probability distributions. As it hap- 
pens, these two theorems were stated and 
proved in my paper presented to the Inter- 
national Economic Association Round-Table 
Conference on Public Economics in Biarritz 
in 1966 and were published in Sen (1969) as 
Theorems II (“Probabilistic Egalitarian- 
ism”) and IIT (“Maximin Egalitarianism’’). 

This fact in itself is scarcely interesting, 
except conceivably to the authors and edi- 
tors, but what may interest the readers of 
this journal is the fact that both these 
theorems can be substantially generalized by 
dropping the framework of additive social 
welfare functions and only requiring social 
welfare to be a concave (or quasi-concave) 
function of individual utilities, which need 
not even be separable. 

This generalization is of particular rele- 
vance in the context of Milton Friedman’s 
penetrating criticism of Lerner’s approach: 


Eliminate the assumption of ignorance, 
and the same analysis immediately 
yields a justification of inequality if indi- 
viduals do differ in capacity to enjoy 
satisfaction. ... Suppose, further, that 


it is discovered by this technique that a 
hundred persons in the United States 
are enormously more efhcient pleasure 
machines than any others, so that each 
of these would have to be given an in- 
come ten thousand times as large as the 
income cf the next most efficient plea- 
sure machine in order to maximize ag- 
grezate utility. Would Lerner be willing 
to accept the resulting division of in- 
come as optimum... ? [pp. 310-11] 


The theorems presented below indicate 
that Lerner does not have to do any such 
thing since the maximizing property of the 
equa! distribution holds for probable social 
welfare even if it is not of the additive form. 
A concave social welfare function W need 
noi necessarily award a<higher Income to a 
more 2ffickent pleasure machine.! The “maxi- 
min” result presented in Sen (1969) and 


` McManus et al. can also be similarly gen- 


* Professor of economics, London School of Eco- 


nomics. 
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eralized. 


I 


The results are proved for the case in 
which there are n individuals and x utility 
functions, when it 1s not known who has 
whica utility function.*The following nota- 
tion is used: 


4=any income vector (Yuy... , Ja), in 
which y; is the income of person z 
s=vector of equal incomes, Le., 2;= 2; 
fcr all 4, 7 
Ui=ir.dividual welfare function 7 
.W = social welfare 
u;= individual welfare of person z 
i= probability of person i having U7 


‘This is an important issue for the measurement of 
income distribution, on which see Partha Dasgupta, 
Ser, and David Starrett, and Michael Rothschild and 
Jcsevh Stiglitz. I have discussed the underlying nor- 
mative fremework in my forthcoming book. The “Weak 
Equity Axiom” used there would guarantee that the 
mcr= effident pleasure machine would: get, in fact, less 
income, and this is consistent with a concave social wel- 
fzre function. See also Sen (1970), ch. 9. 

* We can take a wider set V of individual welfare 
functions and extend the proofs. On this see Sen (1969). 
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ASSUMPTION 1 (Total Income Fixtiy): The 
total income to be distributed is constant 


(y*): 
(1) Wt... tn = y” 


ASSUMPTION 2 (Concavity of the Group 
Welfare Function): Social Welfare W, an in- 
creasing and symmetric function of individ- 
ual welfare levels: W=W(m,..., tn), iS 
concave. 


ASSUMPTION 3 (Concavity of Individual 
Welfare Functions): Each individual welfare 
function U;(y) is concave. 


ASSUMPTION 4 (Equi-probability): For 
each j, $= fm, for every pair of individuals 
t, M. 


THEOREM 1: Given Assumptions 1, 2, 3 
and 4, the mathematical expectation of social 
welfare ts maximized by an equal division of 
income. 


PROOF: 

Thanks to the symmetry property of W, 
we can take the social welfare function to be 
W (u!,..., u”), where u’ is the utility of 
the person with the jth utility function; 
nothing depends on precisely which num- 
bered individual enjoys U’. Corresponding 
to any income distribution vector y, let # be 
a permutation of it such that # is the in- 
come going to the person with the jth utility 
function. There are n! different ways of as- 
signing n individual welfare functions to n 
persons, and corresponding to each such 
assignment &, we have a permuted vector 
y(k), for any income vector y. Therefore for 
any distribution y, there are n! values of 
social welfare given by F(#(#)), for k=1, 

.,”!, and given Assumption 4, the ex- 
pected value of social welfare from y is given 
by: ‘ . 


i 
(2) Ely) = a 2 F(5(k)) 


Of course, since all permutations z of the 
equi-distribution vector z are the same: 


(3) E(z) = F(z) 


-SEN: ON IGNORANCE AND EQUAL DISTRIBUTION 


1023 


By Assumptions 2 and 3, F is a concave 
function, and by Assumption 1, we have: 


1 
(4) Z = — D7 i(k) 
n! k 


Since F is concave, it is clear that: 
(5) Ey) < E(2) 
Since this is true of all y, Theorem 1 holds. 


H 


For the ‘‘maximin’” result, Assumption 4 
is weakened to: i 


ASSUMPTION 4* (Shared Sel of Welfare 
Functions): For any individual ¿ and any 
welfare function 7, it is possible that t has 7. 
Nothing is said on relative probabilities. 

For the existence of minimal individual 
welfare levels, something has to be assumed 
about the lower bounds of these functions. 
The following simple assumption is suff- 
cient.? 


ASSUMPTION 5 (Bounded Individual Wel- 
fare Functions): Each individual welfare 
function U/is bounded from below. 


THEOREM 2: Given Assumptions 1, 2, 3, 
4* and 5, the maximin strategy for social wel- 
fare ts to distribute income equally. 


PROOF: 

Since z is an average of Ẹ(k) for all k, for: 
any quasi-concave welfare function F, we 
must have: 


(6) F(z) 2 arin F(9(R)) 


Furthermore, z being an equal division, the 
value of Z is invariant with respect to inter- 
personal permutations of individual welfare 
functions. Hence Theorem 2.4 

Friedman’s criticism of Lerner, quoted 
above, treats him as a prisoner of utilitarian- 
ism, but Lerner is free to leave the Bentha- 
mite jail. 


4 It can, however, be easily weakened. 
4 Note that for this result even Assumption 2 is much 
too strong and the quasi concavity of W is sufficient. 
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Specification Error In Macro-Econometric Models: 
_ The Influence of Policy Goals 


By James R. Crotty* 


Econometric estimation of macro-economic 
relations has typically been based on the as- 
sumption that the monetary and fiscal in- 
struments of the government are exogenous 
variables whose movements are not predi- 
cated in any systematic way on changes in 
economic conditions. Yet it has been recog- 
nized for some time that this assumption is 
in fact incorrect, and that any estimation 
procedure which relies on this assumption 


may be subject to important specification. 


error. John Wood, for example, has cautioned 
that “If government policy makers do not 
behave randomly with respect to economic 
events...” then the typical estimation 
procedure “'... results in inconsistent esti- 
mates of the parameters in equations de- 
scribing the behavior of the private sector of 
the economy” (p. 135). Michael Hamburger, 
pursuing Wood’s lead, has argued for a new 
approach which recognizes ... that it is 
the ultimate objectives of ... policy (e.g., 
the desired rate of inflation) that should be 
treated as exogenous rather than the instru- 
ments used to achieve the objectives” (p. 34). 

The purposeful nature of economic policy 
has not only been recognized by most econ- 
omists; in the work of Henri Theil and the 
Netherlands School we have been provided 
with a formal theory of optimal government 
economic policy.) It assumes that the gov- 
ernment or state behaves as if it possesses a 
preference function which orders possible 
outcomes related to a set of economic in- 


* Assistant professor of economics, Bucknell Univer- 
sity. I am grateful to Michael Hamburger, Leonard 
Rapping, the managing editor, and especially Raford 
Boddy for helpful suggestions. The reader’s attention is 
directed to a recent article by Stephen Goldfeld and 
Alan Blinder which deals with problems similar to those 
discussed in this paper but which pears too late to 
be incorporated here. 

1 See Theil for an extensive discussion of the theory 
and applications of his approach. 


strument and goal variables. The goals are 
related to the instruments through a repre- 
sentation cf the structure of the economy. 
The purpose of this paper is to use the Theil 
framework to demonstrate explicitly the 
serious nature of the specification error that 
may arise if the preference function under- 
lying government policy is ignored in macro- 
econometric work. The analysis is developed 
in a reduced-form context, but the specifica- 
tion error discussed in the paper applies to 
structural estimation as well. 


I. The Model 


Following Theil, we make the following 
two assumptions: 

1) All vectors X= [X,], Y=[Y;] of in- 
struments and noncontrolled or goal vari- 
ables, respectively, are real valued. Devia- 
tions X=[X,—Xf] and VY=[¥,;—Y7] of 
these variables from their desired values, X* 
and Y*, are ordered according to the state 
decision maker’s preference such as to allow 
a representation by means of a quadratic 
disutility function:? 


W(X, Y) = o/X + BY +1/2 (X'AX 
+ Y’BY + X'CF + Y'CX) 


where a= [aa], 8= [8:], A= [an], B= [bi], 
C= [Cr:] are vectors and matrices of fixed 
elements and appropriate order. For ease of 
exposition we will treat the C matrix as null, 
implying that the state does not associate 
specific tools with specific goals, and assume 
that A is diagonal, implying that the state 
is not concerned with the relative position of 
the instruments. 

2) The vectors X, Y are connected by a 


2 The term X* refers to preferred levels of instruments 
abstracting from their impact on Y. For an explanation 
of the necessity cf including the instruments in the state 
preference function, see Theil, p. 80, and Arthur Okun, 
pp. 128-34. 
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linear equation system Y=RX-+-S where 
R= [rin] is a matrix of fixed elements de- 
scribing the multiplicative structure of the 
constraints related to instruments and 
S= [s;! is a vector of fixed elements describ- 
ing the additive structure. The system 
Y= RX-+S is the reduced form of the econ- 
omy, which is a constraint in the state’s de- 
cision problem. We abstract from any un- 
certainty associated with the reduced form 
and treat the problem as one of certainty 
equivalence. 

The model thus characterizes an optimal 
decision-making problem in which the state 
wishes to handle its policy instruments in 
such a way as to minimize the value of its 
quadratic disutility function subject to the 
constraints represented by the reduced form 
of the economy. In other words, the problem 
is to choose X in order to: 


(1) minimize W=a'X+p’Y 
+1/2 [X’AX+Y'BY| 
subject to F= RX+S 


We can find the optimal value of the in- 
struments, X°, by substituting the constraint 
into the preference function, partially differ- 
entiating with respect to the vector X, and 
setting the resulting expression equal to the 
zero vecror. 


(2) aE +R'6)+4X 
ax S 
+R'BY =0 


or 
(3) a+ A(X—X*) = — R'B— R'B(Y— ¥*) 


These expressions represent the first-order 
conditions for an optimal choice, i.e., they 


must hold at X = X°, They are not the linear: 


decision rules generally associated with 
quadratic preference function problems. 
Linear decision rules or response functions 
relate X° to exogenous and lagged endog- 
enous variables. In this case, the linear de- 
cision rules would be 


X° = X'S, Y*, X*; a, B, A, B, R) 
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The expressions in (3) are the marginal util- 
ity conditicns characterizing an optimal 
policy. The left-hand side of the equations 
are estimates of the marginal changes in 
utility resulting from movements in X. The 
right-hand side are the marginal changes in 
utility which would come about through the 
resultart movements in Y. At X° they must 
balance 

Since most macro-economic reduced-form 
regressions have Y as the dependent vari- 
able, we must rearrange the optimality con- 
ditions. For convenience, assume that R is a 
square matrix. That is, we assume that there 
are an equal number of goals and instru- 
ments. Note that this does not imply that all 
desired values can be achieved simultane- 
ously.® 


(4) Y = — (R’B) {a+ R’B) — (R'B) AX 


Because reduced-form regressions are gen- 
erally rot ir deviation form, transform (4) as 
follaws: 


(5) F = — (R’B)—(a + R’B) + Y* 
+ (R'B)-14 X* — (R'B) AX 


If we assume that Y* and X* do not 
change over time, i.e., that the policy prob- 
lem is exclusively one of stabilization, we can 
write (5) as: 


(6) Y = 8 — (R'B) AX 


where 6 is a vector of constants. 

The optimality condition, (6), is a relation 
between Y and X. Itis zot the reduced form. 
The reduced form, Y=RX+5S, is a con- 
straint on the state in this model. Both sets 
of relations, Y= 6—(R’B)“1AX and Y=RX 
+S, must be satisfied. It will be shown be- 
low tEat, with respect to the role of R, the 
relaticn between Y and X in the optimality 


3 If the staze is able to achieve all of its desired values 
for goals and instruments simultaneously, then the pref- 
erence unction parameters have no empirical signifi- 
cance and the reduced-form parameter estimates are 
free ot the particular specification error which is the 
concern of this paper. For a discussion of this case, see 
Wood, pp. 157-60. However, the argument that, with 
respect to mejor eccnomic goals and policy instruments, 
the economy has always been approximately where the 
state d2sired it to be might be rather embarrassing to 
the staze policy makers. 
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condition may be different than-—indeed 
even the opposite of—their relation in the 
constraint. Coefficients of a regression relat- 
ing Y to X will generally be influenced by 
both (6) and the reduced form constraint. 
This situation is similar to the price-quantity 
relation in the demand and supply functions 
for a commodity. Price-quantity time-series 
data will tend to trace out whichever func- 
tion is relatively more stable over the sample 
period. Under the assumptions of this model, 
the reduced form is a relation between Y and 
X, given S. The optimality condition is a 
relation between Y and X, given Y* and X*. 
Regression estimates will be dominated by 
whichever relation is relatively more stable 
over time: S clearly changes every period, 
shifting the reduced form Y—X relation; Y* 
and X* may change, in which case the opti- 
mality condition Y—X relation will shift. If 
the former shift is larger than the latter the 
optimality condition will dominate the re- 
gression estimates. 

We will examine two static cases, i.e., cases 
in which the state in its planning is concerned 
only with the current period. Assume for 
both cases that the state has two goals, Fı 
and Ve, and'two instruments, X, and Xz. We 
are concerned with the interpretation of the 
estimated coefficients from a linear regression 
relating FY, as the independent variable to X; 
and X». The question at issue is: What can 
we validly infer from the relative size of the 
regression coefficients about the impact mul- 
tipliers, ru and 712, of the reduced form? Since 
we are concerned in this paper with the direc- 
tion and extent of the specification bias 
caused by neglecting to consider the goals of 
the state, we will assume that the regression 
coefficients are estimates of the optimality 
conditions. This assumption will enable us to 
judge the extent of the maximum specifica- 
-tion bias. The maximum bias would occur, as 
suggested above, when the reduced-form 
Y—X relation exhibited large shifts over 
time relative to the optimality condition 
Y --X relation. 


Case 1 


Assume that B is a diagonal matrix. This 
implies that the cardinal disutility measure 
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associated with a squared deviation of F, 
from Yf does not depend on the level of Vo, 
and conversely. With this specification, the 
F, regression would yield estimates of the 
following relation: 


2110 20% 20 
(D Fi = 6, — -c Xx} 
birboo(r117%29 — faria) 
Goobo2f21 
— X, 
birboo(rirree on 91712) 


Given the knowledge that the regression 
coefficient of X, is larger in absolute value 
than that cf Xs, what can we validly infer 
about the relative absolute values of ru and 
ry? In this case, the answer is almost noth- 
ing! A Jarge relative regression coefficient for 
Xı would imply either: 

1) ay 1s larger than a». This means that 
the state is more concerned about moving X: 
away from its desired value than it is about 
moving Xe. 


And/or ` 


2) fa is larger than ra. This implies that 
the impact on FY» of X2 is more powerful than 
that of X. 


Case 2 


Assume that B is not a diagonal matrix so 
that the utility associated with one goal de- 
pends upon the condition of the other goal. 
This yields the following relation: 

Q31(712b12 + reaboo) 


(8) a ieee Sea 


Go2(131by2 + forbo) . » 
See 

N 
where N = (bub — barbi) (71122 — fara) 


As with Case 1, we cannot infer from larger 
regression coefficients for X; than X: any- 
thing about the relative size of ry and r un- 
less we know the relative sizes of the other 
parameters. This case does introduce a par- 
ticularly perverse condition however. Note 
that r2 appears in the numerator of the Xı 
coefficient while ru appears in the numerator 
of the Xe coefficient. Therefore, under many 
plausible assumptions about the size of the 
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parameters other than 71 and ry we would 
. find that a relatively large regression coeff- 
cient for X; as opposed to X, would indicate 
that X> was really more powerful than X}. 


II. The Role of Lagged Instruments 


Reduced-form regressions frequently in- 
clude lagged instrument values as indepen- 
dent variables. There are several ways to 
generalize the preference function framework 
in order zo show that current values of the 
goals may be related to both current and 
lagged values of the instruments in such a 
way that the regression coefficients of lagged 
instruments contain both reduced-form and 
preference function parameters. For exam- 
ple, consider a static state preference func- 
tion in which the disutility associated with 
current Y,’s depends upon their lagged val- 
ues. Such a function would represent a situa- 
tion in which the state’s concern with an un- 
employment rate which was 1/2 percent 
above the desired value would be different if 
the unemployment rate was rising than if it 
was falling. One example of this class of 
preference functions would be: | 


(9) WA, Y) =a’ X, +8", | 
1/2 [Xf AX, + Vi BY. + Vi DÝ] 


__ where the subscripts refer to time periods. 


The optimal choice conditions for this 
function are: 


aw 
(10) aa (a + R'B) + AX. + BB P, 


At 


aii + R'DY.ı = 0 


or, under the assumption that R is a square 
matrix: 


(11) Fi = — (R'B) a + R’B) 
. — (R'B) AX, — (RB) DY, 
Since ¥i.i1= RXi1+5:1 we have: 
(12) F= — (R'BY-“(a + R’B) 
— (R'B)AX, 
~ (R'B)CD(RX i1 + Sea 
— ¥*_1) 


In general, Stı will -contain distributed 
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lagged values of X. Therefore, (12) will re- 
late F+ to current and lagged values of X. 
Further the coefficients of both current and 


_laggec values of the instruments will contain 


both preference function and reduced-form 
parameters. 


IL. Some Examples 
Althcugh the main purpose of the paper is 


‘to focus on the problem of specification error 


by presenting a general analytical frame- 
work, a few examples may help to make the 
basic implications more evident. The exam- 
ples which follow are not presented as defini- 
tive explanaiions of actual empirical results. 
Rather they are designed to emphasize the 
importance of preference function considera- 
tions in the interpretation of MaE TO ECONO 
metric analysis. 

A specific example of macro-economic re- 
duced-form estimation that largely mirrors 
the assumptions made above is the evidence 
presented by Leonall Andersen and Jerry 
Jordan in support of the St. Louis equation.‘ 
Andersen and Jordan assess the strength and 
reliabihty of monetary and fiscal policy 
through the use of regressions relating 
changes in nominal GNP to current and 
lagged values of frequently used indicators 
of monetary and fiscal action. They assume 
that this equation is a reduced form which 
is“... a derivable consequence of a system 
of equations which may be hypothesized to 
represent the structure of the economy (i.e., 
a so-celled structural model)” (p. 16). On the 
basis of this assumption and their regression 
results they conclude that “The response of 
economic activity to monetary actions com- 
pared with that of fiscal actions is (I’) larger, 
(II) more predictable and (III’) faster. .. . 
All of these implications point to the ad- 
visability of greater reliance being placed on 
monezary actions rather than on fiscal ac- 
tions” (p. 22). 

Ii we assume that the state is concerned 
with one other goal in addition to GN P, price 
stability for example, then the Andersen- 


4 Fo- other tests of the St. Louis equation see Edward 
Corrigan, Richard Davis, Frank de Leeuw and John 
Kalchbrenner, Arthur Laffer and R. David Ranson, and 
William Silber. 
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Jordan regression equation is identical in 
form to equation (12). If we neglect lagged 
terms it is identical in form to equations (7) 
and (8). Under the assumptions of Case J, 
the regression coefficients of the monetary 
and fiscal instruments tell us nothing about 
the relative size of their GN P multipliers, i.e., 
about the relative strength of monetary and 
fiscal policy. Under the assumptions of Case 
2, a relatively large coefficient for the mone- 
tary as opposed to the fiscal instrument 
could, as explained above, indicate that the 
fiscal instrument was more powerful than 
the monetary instrument—a conclusion dia- 
metrically opposed to the one drawn by 
Andersen and Jordan from the same empiri- 
cal evidence. 

With respect to policy oriented reduced- 
form regressions in general, different as- 
sumptions about the role of instruments and 
goals in the state’s preference function will 
lead to different expectations regarding the 
sign and relative size of regression coeffi- 
clents. Suppose that the state believed that 
the existence of a Phillips’ curve relationship 
made it unnecessary to use more than one 
instrument to simultaneously influence ag- 
gregate demand and the price level and at- 
tached no cost er disutility to movements of 
that instrument away from its desired value. 
The optimal use of the instrument for stabil- 
ization purposes would lead to the failure of 
standard reduced-form regressions to estab- 
lish any relation between the instrument and 
the goals. Instrument movements would 
exactly counterbalance other forces tending 
to move the goal variables away from their 
desired values. Therefore, if a fiscal variable 
was the sole or chief stabilizing instrument, 
we would expect it to have a regression co- 
efficient not significantly different from zero. 
Under the assumption of quadratic instru- 
ment adjustment costs both instruments 
would be used. We would expect to observe 
correlations between goals and instruments 
which were opposite in sign to the respective 
reduced-form multipliers since the disutility 
attached to instrument adjustment would 


5 John Kareken and Robert Solow, p. 16, have pointed 
out this pitfall in the interpretation of regressions relat- 
ing policy goals and instruments. 
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prevent complete goal variable stabilization.® 

As a final example, assume that GNP and 
the interest rate are the two goal variables. 
The interest rate might be included either 
because it was considered to be a goal vari- 
able in and of itself or, more likely, because it 
served as an intermediate operating policy 
target variable. Any change in demand or 
expenditure variables which tended to push 
GNP above its desired level would also tend 
to raise the level of the interest rate above 
its desired value. If, in the face of such de- 
mand pressure, the state reacted by increas- 
ing the money supply or monetary base in an 
attempt to keep the interest rate stable we 
would observe a positive correlation between 
GNP and the monetary instrument.’ This 
possibility is most likely to occur if the mone- 
tary authority is associated in a special way 
with the interest rate target. Since central 
banks do seem to place important emphasis 
on financial market and interest rate stabil- 
ity, this line of reasoning may offer a partial 
explanation of the fact that reduced-form 
regressions of the St. Louis variety con- 
sistently establish positive coefficients for the 
money supply or monetary base. 


IV. Conclusion 

The fundamental conclusion of this paper 
is that if the government is using its policy 
instruments in a systematic attempt to in- 
fluence economic activity, there may. be sub- 
stantial specification error in any macroeco- 
nomic empirical work which does not utilize 
policy response functions. The policy de- 
cision-making process can generate relation- 


€ See Brainard for a case in which incomplete goal 


_ variable stabilization results from the uncertainty at- 


tached to the policy maker’s estimates of the reduced- 
form multipliers, 

T This explanation of a positive money supply regres- 
sion coefficient was suggested by Hamburger. Okun, 
p. 151, discusses the possibility that Federal Reserve 
policy may produce a positive relationship between the 
money supply and GNP by accommodating changes in 
the demand for money which arise from shifts in aggre- 
gate demand for goods and services. A related explana- 
tion by Kochin is that the manetary authorities con- 
sistently overreact to changes in aggregate demand by 
adjusting the money supply by more than is necessary 
to achieve stabilization. 
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ships between variables which are unrelated 
to or even inversely related to the true pa- 


rameters of the economic structure or model. . 


The specification error is potentially quite 
severe. Therefore, the parameters of the 
economic model will have to be estimated 
jointly with those of the state preference 
function, 
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Import Controls on Foreign Oil: Comment 


By Ryan C. AmacuEer, Ropert D. Totrison, AND Tuomas D. WILLETT* 


The question of whether controls on the 
importation of foreign oil into the United 
States should take the form of tariffs or 
quotas has been a topic of recent public de- 
bate and investigation by economists. Under 
static competitive conditions it is well known 
that equivalent tariffs and quotas can be 
constructed. Hence in this context, there is 
no choice to be made cn economic efficiency 
grounds.! However, in a recent issue of this 
Review, George Hay points out that the ac- 
tual market for oil in the United States dif- 
fers from the required textbook conditions 
for equivalence. Under the U.S. oil import 
program which prevailed until recently, each 
refiner’s quota for import of foreign oil is a 
positive function of his refinery input. Since 
import tickets are allocated free of charge, 
rather than aucticned, zhe form of the quota 
lowers the marginal cos: of domestic refiners. 
Hay goes on to show that when combined 
with other static competitive assumptions, 
this quota mechanism could generate greater 
consumer benefits in terms of lower prices 
than would an equivalent tariff (equivalent 
in the sense that the same percentage of im- 
ports is admitted).? 


* University of Oklahoma; U.S. Council of Economic 
Advisers and Texas AxM University; and U.S. Trea- 
sury; respectively. Tollison ard Willett were at Cornell 
University during the original drafting of the paper. 
Without necessarily implying agreement with all parts 
of our analysis, we should like to thank George Borts, 
George Hay, Edward Mitchel., Edward Tower, and an 
unknown referee for helpful comments on an earlier 
draft and the Bureau for Business and Economic Re- 
search, University of Oklahoma, for drafting services. 

1See Jagdish Bhagwati (1955, 1968), Hirofumi Shi- 
bata, and Tsvi Ophir. As has been noted by a number 
of economists, on economic ef{ciency grounds neither a 
tariff nor a quota is probably the first best method of 
correcting for the national defense externalities associ- 
ated with the oil market. 

* Hay assumes the domestic supply of crude oil can be 


taken to be essentially unlimited at a constant price. _ 


Assuming that the prices of both foreign and domestic 
crude oil are fixed, it is easy to show that a quota system 
that allocates import tickets as a subsidy to refinery 
inputs results in lower consumer prices of refined prod- 
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Hay expresses a preference for tariffs in a 
real world context and warns that his anal- 
ysis of the price effects of the U.S. oil quota 
system holds only under very restrictive con- 
ditions. However, he does not address what 
is perhaps an even more Important deviation 
of the domestic oil industry from the stand- 
ard textbook model: crude oil production in 
the United States was limited in the major 
producing states by regulatory commissions 
that practiced market demand prorationing 
under the old oil quota program. Under this 
system, any price set by the industry is rati- 
fied by the commissions by limiting produc- 
tion to a level that will not result in the ac- 
cumulation of undesired inventories.’ 

We are no? addressing the issue of the level 
of price in the oil industry in this paper. 
Rather, we wish to review the effects of 
tariffs and quotas on resource allocation, an 
issue which Hay omits from his analysis; 
and, for this purpose we make use of the 
simple model of a profit-maximizing monop- 
oly as a characterization of the domestic oil 
industry. The assumption of profit maximiza- 


ucts than a tariff which collects the foreign-domestic 
price differential for the Federal Treasury. This con- 
clusion, as Hay points out, does not arise from any geo- 
graphic considerations. If all domestic production and 
refining were at one point, it would still hold. Except in 
unusual circumstances all crude oil imported to Petrol- 
eum Administration for Defense (PAD) districts I-IV 
is used by refineries on the East Coast, the end point in 
Hay’s analysis. 

3 This process of industry pricing is consistent with a 
number of models of price level formation in the indus- 
try. For example, it is consistent with a model stressing 
that colluding firms (in this case, the prorationing au- 
thorities) may limit price in order to forestall govern- 
ment entry through import or antitrust action. Hay 
notes the existerce of prorationing, but uses it as an 
explanation for his assumption that the offer curve of 
domestic producers (at the wellhead) is horizontal for 
broad segments (1971, p. 688). He appears to have in 
mind a description of the industry that views the regula- 
tory agency as attempting to maintain constant prices 
for given periods of time. For further discussion of the 
structure of the oil industry, see the Cabinet Task Force 
on Oil Import Controls, especially pp. 81 and 121. 


t 


1032 THE AMERICAN ECONOMIC REVIEW 


tion is suficient to show the differential ef- 
fects of a tariff and quota on resource alloca- 
tion in the industry. In this formulation the 
level of dcmestic reserves, and hence produc- 
tion, depends upon the price when the do- 
mestic industry is viewed as a profit-maxi- 
mizing monopoly setting prices. Asis well 
' known under conditions of potential or ac- 
tual domestic monopoly, the equivalence 
between quotas and tariffs breaks down.‘ 
The relevance of this point to the oil import 
question was stressed by the report of the 
Cabinet Task Force on Oil Import Control. 
As is illustrated below, where the foreign 
elasticity of supply to the domestic market 
is high (as it is in the case of oil), a non- 
prohibitive tariff still allows imports to over- 
come the misallocational effects of the do- 
mestic monopoly, while under a quota this 
would not be the case. 


I. A Graphical Analysis 


_ Figure 1 represents the market derived de- 

mand curve in the United States for crude 
oil. The colluding firms in this case behave 
like a textbook monopolist, setting marginal 
revenue (MR,,) equal to marginal cost 
(MCa with a resulting price of P, and out- 
put per unit of time of A. It can be shown 


~~ 
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FIGURE 1: THE MONOPOLY WITH Imports PROHIBITED 


“ See Bhagwati (1965) and Charles Kindleberger, pp. 
566-68. W2 are concerned here with static comparisons. 
For another major condition for nonequivalence, caused 
by moving from a static to a dynamic model, see 
Mordechai Kreinin and Ingo Walter. 


—, 
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that P, will exceed the world price. More- 
over, the dcmestic monopoly with imports 
prohib-ted results in the expected allocative 
inefficiency due to monopoly where marginal 
cost is less than price. . 

If ‘the government introduced foreign 
sources of supply through a quota system, 
the market demand curve facing the do- 
mestic moncpolist would shift to the left, as 
in Figure 2, by the amount of the quota 
(C’D’ The colluding firms would thus fur- 
ther resirict their output, maximizing short- 
run proat at price OP, and output OB.’ The 
effecit cf the quota (as measured, for example, 
by the-divergence of price and marginal cost 
in Figures 1 and 2) reduces but does not 
eliminate the market power of the domestic 
monozcly since marginal cost is still less than 
price. 

If, instead of introducing the foreign sup- 
ply of oll tarough quotas, the government 
had chosen an equivalent tariff (equivalent 
in that it established the same discrepancy 
between foreign and domestic price), the 
market power of the dominant domestic 
firms would have been severely constrained.® 








G/T 


Ficare 2: THE MONOPOLY WITH Import QUOTA 


5 With a straight line demand curve (as drawn in 
Figure 2 therz is an unambiguous shift in the monopo- 
list’s ma-ginal revenue, indicating a decline in produc- 
tion. Urder other -assumptions (e.g., if the demand 
curve representing the domestic market is convex from 
below) -t is uncertain whether the marginal revenue 
(and herce producticn) shifts up or down in response to 
an increase in the quota. 

* Bhigwati demonstrated that in the presence of 
domestic monopoly a quota produces a higher price 


nei te 
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FIGURE 3: Tae MONOPOLY WITH Import TARIFF 


In Figure 3 a tariff that establishes price 
OP, is levied. PSr now represents the supply 
curve to the V.S. market. The once dominant 
coalition of firms, row without market 
power, produces output OF where price 
(OP2) equals marginal cost. Market power is 
absent under the import tariff in the sense 
that in equilibrium the domestic price (the 
world price plus tariff} for crude no longer 
exceeds marginal cost. 

The tariff and quota thus have quite dif- 
ferent effects on the structure of the domestic 
oil industry. A quota ellowed the domestic 
monopoly to maintain its power, since pro- 
rationing and excess capacity can continue 
to exist. The tariff, on the other hand, allows 
competitive supply at the world (plus tariff) 
price.’ Under the tariff the domestic firms 
are forced to produce OF to the right of OA, 
while with the quota they are allowed to re- 


(implicit tariff) than does a tariff that allows the same 
volume of imports (1965, p. 53). Since we are con- 
cerned with resource allocation comparisons and not 
price comparisons (an issue on which Hay’s analysis is 
vulnerable in the case of domestic monopoly, see E. Mit- 
chell et al.), we consider here a tariff that allows the 
correct volume of imports to establish an equivalent 
domestic price. This is consistent with the standard 
definition of equivalence. 

7? See Kindleberger, p. 134. While Hay argues the pos- 
sible case for a quota mechanisim in terms of favorable 
price effects for consumers, and while he mentions some 
reasons that tariffs may be preferred to quotas, p. 691, 
he does not address the basic effidency issue involved in 
choosing between the two policies. 
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strict output, producing OB to the left of 
OAS 

Switching to a tariff served to generate a 
better allocative solution by curbing domes- 
tic monopoly power and by stimulating an 
increase in domestic production. We suspect 
this allocative gain would considerably out- 
weigh the type of potential price gains for 
consumers from a quota system as analyzed ° 
by Hay.’ 


8 Inefficient producers would likely oppose tariff 
legislation to replace the quota, because the tariff has 
the effect of rationalizing production, bringing about 
the close of the inefficient well. 

9 In an unpublished paper by Mitchell et al., the issue 
of how final consumer prices are affected by a series of 
tariff and quota mechanisms in the presence of a do- 
mestic monopolist is discussed. This analysis demon- 
strates that under conditions of domestic monopoly the 
quota mechanism discussed by Hay turns out to gen- 
erate the highest consumer prices. For a related analysis, 
see Rachael McCulloch and Harry Johnson. 
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Import Controls on Foreign Oil: Reply 


By GEORGE A. Hay* 


The position of Ryan Amacher, Robert 
Tollison, and Thomas Willett (ATW) can be 
summarized as follows: Assuming that the 
domestic industry behaves like a profit- 
maximizing monopoly, if the quota on im- 
ported crude oil is replaced by a tariff that is 
by assumption set so as to achieve the same 
domestic price of crude oil, the market power 
of the dominant domestic firms is “severely 
constrained.” 

In response I would contend that 1) their 
assumption about the level of the tariff dif- 
fers from what I had assumed; 2) their con- 
clusion about the market power of the domi- 
nant firms is subject to question; and 3) their 
assumption about the behavior of the do- 
mestic industry is difficult to reconcile with 
the available data. 

The basic issue that I attempted to ana- 
lyze in the original paver was whether the 
price of refined oil would be affected, if the 
quota is replaced by a tariff set so as to per- 
mit the same percentage of crude oil imports. 
ATW, in attempting to rebut my analysis, 
start by assuming that the tariff will be 
chosen to lead to the same price for domestic 
crude as a quota system. Had they instead 
worked with my original assumption, their 
notion of treating the domestic industry as a 
monopoly would have led to a more direct 
comparison with my own conclusion. Still 
in the monopoly model it is not obvious that 
prorationing will be discontinued. For under 
the assumption that the tariff will be chosen 
so as to lead to the same percentage of im- 
ports as the quota, the tariff will be raised to 
ratify any output restriction desired by the 
domestic industry.' 

In the light of ATW’s assumption that 
crude oil prices will be the same under either 
system, their conclusion that under a tariff 
the market power of the dominant domestic 


* Associate professor of economics, Yale University. 
1 This is developed in the Mitchell, Tollison, Tower 
and Willett manuscript cited by ATW. 


firms is severely constrained is questionable. 
It is of course true that under the ATW as- 
sumption the tariff has the advantage that 
the real economic cost to this country of ac- 
quiring the oil is reduced,? with the savings 
going to domestic producers as producers’ 
surplus, but one would not normally charac- 
terize that result as a diminution of market 
power.’ 

Indeed, judging by the ATW diagrams, 
the producing industry should prefer the 
tariff, as profits would appear to be substan- 
tially higher in a static situation with the 
“equivalent” tariff. In view of what most ob- 
servers would regard as a hostile industry 
position* towards the Task Force recom- 
mendation of replacing the quota by a tariff, 
one suspects that ATW have not captured 
the essence of the situation. My own view, - 
as stated in the original paper, is that the real 
advantage of tariffs is that, to the extent 
they are not easily revised upward or are re- 
vised only with a lag, the ability of domestic 
producers to increase price above the current 
level as demand and supply conditions 
change is sharply curtailed. This indeed rep- 
resents a diminution of the domestic indus- 
try’s market power, but one which cannot be 
conveniently analyzed in a _ single-period 
model as ATW have tried to do. 

Finally, ATW “make use of the simple 
model of a profit-maximizing monopoly as a 
characterization of the domestic oil indus- 
try” (p. 1031). My assumption had been that 

. state regulatory commissions in the 
large producing areas control output to keep’ 
price constant in the face of month-to-month 


? Assuming that domestic producers’ cost curves ac- 
curately refiect the complete social cost of extracting 
the oil. 

4 The point is that the base price for determining the 
level of the tariff is the current domestic price. Thus 
until and unless cost conditions change, the effective 
domestic price continues to be the monopoly price. 

4 Not limited in my view to what ATW characterize 
as inefficient producers. 
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TABLE 1 

Average Wellhead Production of 

Price of Crude Oil Crude Oil 
Year (Dollars/Barrel) (Million Barrels) 
1959 $2.90 2575 
1960 2.88 2575 
1961 2.89 2622 
1962 2.90 2676 
1963 2.89 2753 
1964 2.88 2787 
1965 2.86 2849 
1966 2.88 3028 
1967 2.92 3216 
1968 2.94 3330 


Source: James Burrows and Thomas Domencich. 


` shifts in demand” (p. 688). This was not to 
suggest that the price of crude is in any sense 
a competitive price; because of prorationing, 
prices are surely above costs. But for pur- 
poses of predicting the response to the sub- 
stitution of a tariff for the quota, the as- 
sumption that the industry will act like a 
profit-maximizing monopolist may be un- 
realistic. 

An examination of the relevant data 


7 
7 
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proves interesting in this regard. Table 1 
lists for the ten-year period preceding 
the Cabinet Task Force study the yearly 
average price of crude oil and the correspond- 
ing year.y production figures. While it 
would not be impossible to construct a 
monopoly model to generate such numbers, 
my original assumption seems to fit the data 
sufficiently well to recommend it for the pur- 
poses I had in mind. 


5 The pr.ce of crude has dramatically increased since 
1968, but it is also true that prorationing has been sus- 
pended during most of that period. Of course, it must 
also be noved that import controls on crude were mare- 
or-less abendoned early in 1973. 
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In Search of the “Wheel of Wealth”: On the Origins 
of Frank Knight’s Circular-Flow Diagram 


By Don PATINKIN* 


One of the memories that every former 
student of Frank Knight undoubtedly car- 
ries with him is that of the circular-flow dia- 
gram (reproduced on p. 791 of this issue) 
which Knight used to illustrate the workings 
of the economic system. To the best of my 
knowledge, the first appearance of this dia- 
gram in Knight’s writings was in the mimeo- 
graphed material that re prepared for teach- 
ing purposes at the University of Iowa in the 
early 1920’s.! Knight first published the dia- 


* Professor of economics, The Hebrew University of 
Jerusalem. Without burdenirg him with any responsi- 
bility for the conclusions of this note, I would like to 
express my deepest appreciation and indebtedness to 
my colleague, Ephraim Kleiman, who encouraged me 
to write it, and who continued to be the source of many 
valuable suggestions and criticisms throughout its prep- 
aration—including the suggestion for its title! I am also 
indebted to Paul Samuelson for his stimulating com- 
ments on an earlier draft of this note; needless to say, 
he too does not bear responsibility for its conclusions. 
I would also like to thank my assistants, Akiva Offen- 
bacher and Reuven Nutkis, for their invaluable help 
with the detailed examination cf the literature on which 
this note is based—a task which they carried out with 
gratifying care, accuracy, and responsibility. And my 
sincerest thanks to Vera Jacobs for her efficient and 
conscientious typing of this note through its various 
drafts. Once again, I would like to thank George Stigler 
for making Knight’s unpublished papers available to 
me, and Glen Gilchrist for providing xeroxes of re- 
quested materials from these pavers. I am also grateful 
to Stanley Fischer and Friedrich A. Lutz for providing 
me with xeroxes of material tha: was unavailable here. 
I wish finally to thank the Central Research Fund of 
the Hebrew University and the Israel Academy of Sci- 
ences and Humanities for research grants that made this 
and other assistance possible. 

1 This is the material that Glen Gilchrist has cata- 
logued under the title “Economics, 1920s” and filed in 
Boxes 8-9 of Knight’s papers. Gilchrist has informed me 
that “... most of the material in these boxes is un- 
dated, but I have found the date 1926 or ‘revised 1926’ 
on a couple of these items as well as a phrase indicating 
it was used as supplementary material for ‘Economics 
IC’”’ (personal letter dated Aprl 24, 1973). On the 
other hand, the bibliography of Enight’s works which 
appears at the beginning of The 3thics of Competition 
(1935, p. 15, bottom) adds the follcwing comment to its 
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gram, however, in the four chapters on the 
economic system that he wrote for the vol- 
ume of Readings prepared for the famous 
undergraduate Social Science Survey Course 
at the University of Chicago (Knight 1932). 
Subsequentiy, Knight reissued these chap- 
ters as a separate booklet entitled The Eco- 
nomic Organization (1933), in which form it 
became a standard feature of his graduate 
theory course at Chicago over the years. So 
it was only natural for me to dwell upon this 
diagram in my memoir on Frank Knight as a 
teacher which appears elsewhere in this 
issue. 

I had always assumed that this diagrem 
was original to Knight. Thus it came to me 
as a surprise to notice—in the process of 
writing this memoir—that Knight himself 
referred to it as “the familiar figure of the 
‘wheel of wealth’” (Knight 1933, pp. 60- 
61). My curiosity aroused, I began a search 
for the presumably earlier uses of this figure 
that rendered it so ‘“‘familiar’”—only to dis- 
cover that the question is not so simple. 

Let me first note that though this diagram 
is concerned with the circular flow of money, 
Knight used it not in the context of monetary 
theory, but in order to illustrate certain basic 
aspects of value theory: namely, the differen- 
tiated roles that families and businesses ful- 
fill in the specialization and exchange that 
characterize a market economy; the ways in 
which the respective activities of these units 
are guided by the prices of productive serv- 
ices, on the one hand, and the prices of final 
goods and services, on the other; and the 
ways in which the interaction of these two 
sets of prices enables the economic system to 


listing of Knight (1932): “These four items are an ab- 
stract of material mimeographed for private circulation 
at the University, of Iowa during the years 1922-25.” 
I presume that this is the mimeographed material in 
Boxes 8 and 9, and have accordingly dated this material 
as 1922-26, 
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fulfill its basic functions of determining what 
to produce, how to produce, and how to dis- 
tribute the product. 

As the first step in the search for the 
sources of this diagram,? I examined the 
standard American textbooks of the period 
in order to see if in addition to describing 
the process of specialization and exchange— 
and the role played bv money in facilitating 
this process—they had also made use of the 
term wheel of wealth or of the diagram that 
Knight associated with it. Such an examina- 
tion of the respective textbooks of Francis A. 
Walker (1887), Richard T. Ely (1893, 1937), 
Edwin R. A. Seligman (1905), Irving Fisher 
(1910, 1912), Frank W. Taussig (rev. ed., 
1915) and Fred M. Taylor (1911, 1925) 
showed that they had not. The same is true 
of Herbert J. Davenport (1897, 1908, 1913) 
—to whom, as I have noted in my memoir, 
Knight had a special affinity. Nor does the 
term or diagram appear in the textbook by 
Leverett S. Lyon (1923), which was used at 
the University of Chicago Business School in 
the early 1920’s. Similarly, no instances of 
such a term or diagram are to be found in 
such contemporary British standard works 
as Alfred Marshal!’s Principles (first ed., 
1890; eighth ed., 1920), J. Shield Nicholson 
(1893-1901), Philip H. Wicksteed (1910; 
rev. 1933), Edwin Cannan (rev. ed. 1916), 
and Sydney Chapman (new ed., 1917). Simi- 
larly, there is no reference to the term or 
diagram “wheel of wealth” in Palgrave’s 
Dictionary of Political Economy (new ed., 
19235). And what lends added significance to 
the absence of such a diagram from all of 
these books is the fact that most of them did 
make use of analytical diagrams in other 
contexts. 

In view of the important influence of the 
Austrian school on Knight’s thinking, I then 
turned to the Continental literature—only 
to find that there is no discussion or depic- 


? As an aside, I might note that the use of diagrams to 
describe the exchange of commodities goes back to 
Aristotle (Theocharis 1961, p. 4). Aristotle, however, 
used his diagram essentially to illustrate the labor 
theory of value, and not the circular flow of money and 
commodities. I am indebted for this reference to my 
colleague Ephraim Kleiman. 
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tion of the wheel of wealth in the classic 
works of either Carl Menger (1871), Eugen 
v. Bohm-Bawerk (1888), or Friedrich v. 
Wieser (1889). The same is true of the earlier 
widely used textbook of that leading mem- 
ber of the old historical school, Wilhelm 
Roscher (13th ed., 1878). Nor does the 
“wheel” appear in the standard treatises of 
the turn of the century by Eugen von Philip- 
povich (1897-99) and Adolph Wagner (1892- 
94, 1997-09), (see fn. 11 below). Simi- 
larly, the wheel does not seem to have been 
referred to in the teaching of economics in 
Germany in the 1920’s.* In any event, it does 
not appear in Gustav Cassel’s book (1923, 
1932), which was a standard text on the 
Continent at that time, though Cassel does 
provide a verbal description of the exchange 
by consumers of their productive services 
for goods produced by firms, in what is es- 
sentially a barter economy (Cassel 1932, 
pp. 43-44).4 I must, however, admit that 
less significance can be attached to the ab- 
sence of the wheel-of-wealth diagram from 
this literature as compared to the Anglo- 
American in view of the fact that this Con- 
tinental literature generally did not make 
use of analytical diagrams in any context. 
This consistent failure to find earlier in- 
stances of the wheel-of-wealth diagram then 
raised the possibility that perhaps the search 
was being conducted in the wrong direction: 
that perhaps the antecedents of the wheel 
were to be found not in the economic litera- 
ture that was concerned primarily with 


value theory (as is largely the case with the 


foregoing works), but with that concerned 
with monetary theory and practice—and 
with the circular flow of money in particular. 


3 I base this statement on information received from 


.a sample of two: A. L. Gaathon (Gruenbaum) of the 


Ban of Israel Research Department, who completed 
his Ph.D. degree at the University of Berlin in 1934; 
and Freidrich A. Lutz of the Swiss Institute of Interna- 
tional Studies in Zurich, who completed his at the Uni-. 
versity of Tubingen in 1925. Gaathon has also informed 
me that he has not found any reference to the wheel of 
wealth in the textbooks by Adolph Weber, Wilhelm 
Lexis, and Othmar Spann, which were widely used in 
Germany during the first decades of this century. 

4 Knight (1921-22) wrote a very favorable review 
article of the first edition of Cassel’s book, though with- 
ou’ any reierence to the point now under discussion. 
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Such a literature goes back at least to the 
seventeenth-century mercantilists who (as 
Jacob Viner has told us) often described the 
circulation of money as a medium of ex- 
change by means of “... analogies, ex- 
pecially with the circulation of blood, which 
William Harvey had discovered not long 
before” (Viner 1937, p. 37). Even more rele- 
vant to our present purpose is Quesnay’s 
Tableau Economique (1972 (1758-59), pp. ii- 
iv), in which the circulation of goods and 
money among different classes (though not 
those designated by Knight) is analyzed and 
illustrated (though not by means of a wheel, 
and not for the purposes that concerned 
Knight).® ) 

Quite naturally, the circular flow of money 
was also one of the topics frequently dis- 
cussed in the quantity-theory literature. 
Thus in his pioneering work on the quantity- 
theory equation, Simon Newcomb empha- 
sized that to the “monetary circulation” 
there corresponded a reverse “industrial cir- 
culation” of “wealth or services’’—and used 
the term “‘societary circulation” to designate 
the combination of these two opposite circu- 
lations (1886, pp. 318-19, 326). Furthermore, 
Newcomb made use of diagrams (one of 
which is reproduced in Figure 1a) to illus- 
trate this “‘societary circulation—and ex- 
plained that the “arrowheads” which showed 
the direction of the monetary circulation 
could “also be considered to represent the 
industrial circulation, the latter flowing in 
the opposite direction from that of the ar- 
rows, but along the same veins” (1886, pp. 
318-19, 326). It is, however, clear from 
Figure 1a that Newcomb was not concerned 
with the flows between the basic functional 
units (families and businesses) that con- 


5 See also the passages from the “Extract from the 
Royal Economic Maxims of M. de Sully” in the 
Tableau, pp. 1-3. 

® My colleague David Levhari has reminded me of 
Karl Marx’s detailed discussions in Capital of his 
M (oney) = C(ommodity) =M(oney) schema and varia- 
tions thereof, which stem in part from Quesnay. Marx’s 
various schemata, however, are quite different in both 
content and purpose from Knight’s wheel of wealth. 
See Marx, v. 1, Part I, ch. 3, especially p. 125; v. 2, 
Part I, especially p. 113. See also Sweezy (1942, pp. 56- 
59, 138-45). 
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cerned Knight; nor did Newcomb make use 
of his diagrams to illustrate the organization 
of production and distribution by the price 
system. 

Much the same statements can be made 
for the many diagrams (for example, Figure 
1b) illustrating the exchange of goods for 
money under different circumstances that 
appear in an early Hebrew textbook on 
money by Vienna- and Berlin-trained Chaim 
Dov Hurewitz (1900, pp. 105, 112, 119, 150, 
153, and 156), which has recently been re- 
discovered by Ephraim Kleiman (1973). 
And the same can also be said for the dia- 
gram (Figure 1c) showing the opposite cir- 
cular flows of goods and money that appears 
in Knut Wicksell’s Lectures on Political Econ- 
omy (1901, vol. 1, p. 105; vol. 1, p. 64 of the 
English translation)—-whose purpose, how- 
ever, is essentially to show how the use of 
money as a medium of exchange makes the 
“double coincidence” unnecessary. And in 
both cases one gets the clear impression that 
the authors present their diagrams not as 
original contributions on their part, but as 
something which they presume to be familiar 
to their readers from earlier sources— 
though they do not explicitly indicate what 
these sources were.’ 


TIn particular, as Kleiman (1973) has emphasized, 
‘“Flurewitz did not presume to present new theories, but 
rather wished to acquaint his readers with some part of 
what he considered to be the accepted corpus of eco- 
nomic theory.” Still, as implausible as it may sound 
(and it is implausible~so that I would welcome coun- 
ter-examples from the literature), Hurewitz’s diagram 
is the first that I have been able to find that presents the 
opposite flows of goods and money in the by-now fa- 
miliar ‘‘double-circle” form. 

8 The literature on the circular flow of goods and 
money has been surveyed by Arthur W. Marget from 
a somewhat different—-and much broader!—viewpoint 
in the course of his discussion of the history of “The 
Income Approach to the Theory of Prices” (1938, vol. 1, 
ch. 12; see also 1942, vol. 2, ch. 7). See also Joseph A. 
Schumpeter (1912; 1954, ch. 2). Marget (1942, v. 2, pp. 
356-57, fn. 18 anc 19) also refers to circular-flow dia- 
grams by Francesco Ferrara (1864; 1938, pp. 85, 86, 92) 
and Fleeming Jenkin (1887, p. 150). All of these dia- 
grams, however, refer not to a money economy, but to 
the circular flow of goods in a barter economy as a result 
of barter exchanges of one good for another among the 
individuals of the economy. Correspondingly, these 
diagrams are not relevant to the present discussion. 
Nevertheless, I cannot resist reproducing here Jenkin’s 
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Perhaps Knight, too, considered his dia- 
gram to be such a “natural” description of 
the economic system that he took its famili- 
arity for granted.’ Still, I would conjecture 


charming diagram illustrating the mutual benefits gen- 
erated by the trade that takes place “... among five 
little rudimentary people standing upright,” where 
“the lines going out of the strokes to the right indicate 
produce, which each has to sell... [and the] line ar- 
riving at his left hand represents the goods which each 
man consumes” (1887, p. 150-51). 


? 

I might also note that unlike Ferrara, Jenkin (who 
was a professor of electrical engineering) also discussed 
(though sans diagram) the process of trade in a money 
economy and in this context referred to the “‘closed cir- 
cuit (as we might say, borrowing a metaphor from 
electrical science) . .. round which the sixpence trav- 
elled from consumer to producer while the goods went 
the other way from producer to consumer.” (1887, p. 
143). The familiarity of such a concept at the time is 
well-attested by Francis Ysidro Edgeworth’s statement 
(in his biographical sketch of Jenkin (1899 1923, v. 2, 
p. 47)) that this metaphor “enhances some elementary 
principles of economics,” __ 

? Thus see Schumpeter’s clear verbal description of 
some of the basic features of Knight’s “wheel of wealth” 
in his [Schumpeter’s | influential article on “Money and 
the Social Product” (1917/18; 1956, pp. 152-53). I 
might at this point also cite John R. Commons’ observa- 
tion (1934, p. 294) that “... from Quesnay to the 
Twentieth Century economic theory was dominated, 
in large part, by his analogy of Circulation of commodi- 
ties and money. In the latter part of the Nineteenth 
Century it began to take over the analogy of Turnover. 
The one is the analogy of a ‘flow,’ the other of a ‘wheel.’ ” 
It is not clear from this passage whether Commons ac- 
tually attributed the use of the term “wheel” to the 


nineteerth-century literature itself—or whether (as I 
suspect) this represents Commons’ own (and hence 
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that Knight’s use of his diagram was directly 
inspired by certain earlier diagrams—though 
not those of Newcomb and Wicksell which 
(as already emphasized) only described the 
role of mcney 2s a medium of exchange, and 
did not Gepict any of the functional relations 
that were Knight’s main concern. Instead, I 
think the relevant earlier diagrams were 
those that appeared in the literature of the 
first decades of this century that attempted 
to explain depressions in terms of inadequa- 
cies of demand generated by interferences 
with the circuit flow of money—and that, 


- because of this denial of Say’s Law, grew up 


outside the mainstream of economic thought 
(thougk they ultimately led to the develop- 
ment of zhe money-flow analysis of Copeland 
(1952) and the flow-of-fund analysis of the 
Federa. Reserve (1955)). Even more specifi- 
cally, I would conjecture that the direct 
source cf Knight’s wheel of wealth was the 
diagram (Figure 2) showing the circuit flow 
of meney among different functional units 
that had been used in the foregoing context 
first by William Foster alone in an article 
(1922, p. 463), and then by Foster together 
with his colleague Waddill Catchings in 
their then widely discussed books on Money 
(1923, p. 305) and Profits (1925, p. 255), the 
latter of which Knight reviewed (1926).!° I 
should also note Foster and Catchings’ re- 
lated contention that ‘‘... money spent in 
the consumption of commodities is the force 
that moves all the wheels of industry” (1923, 


post-Krightian) use of the term. Unfortunately, Com- 
mons does not provide the references to the nineteenth- 
century literature that would enable us to check this 
question. In any event, to the best of my knowledge, 
Commcns himself did not use this term in his earlier 
writings; see, for example, Commons (1893). 

X The validity of specifically identifying the origin of 
Knight’s wheel-of-wealth diagram with his review of 
Foster and Catchings’ Profits depends, of course, on the 
assumption that the mimeographed material in which 
Knight first used this diagram was written in 1926— 
and I have above (see fn. 1) provided some evidence 
that this may indeed be the case. But even if Knight 
wroie this material earlier in the period 1922-26, it 
coulc still have been inspired by Foster and Catchings’ 
earlier presentations of the circular-flow diagram— 
which as indicated in the text, began in 1922. On the 
intensive discussions—beth lay and professional—gen- 


- eratec at the time by Foster and Catchings’ work, see 


Dorfman (1959, pp. 339-50), 
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b. Hurewitz (1900, p.112) 
FIGURE 1 


p. 277; 1925, p. 234) Thus Foster and — 


Catchings not only presented a diagram 
showing the opposite fows of money and 
commodities between tne functional units, 
households and firms, but also connected 
this diagram with “wheels’—albeit not those 
of wealth! 

Foster and Catchings (1923, p. 303) cite 
as their source of the Ciagram the almost 
identical one by M. C. Forty (1922, p. 63). 
Where did Rorty-get itr He does not say. 
But I suspect that it can be traced back to 
the diagram (see Figure =) which appears in 
the work of that “amateur American econo- 
mist,” Nicholas A. L. J. Johannsen, on A 


Neglected Point in Connection with Crises 
(1908, front matter)—and which has its 
origin in an earlier diagram by the same 
author (writing under the name J. J. O. 
Lahn) in a work entitled Der Kretslauf des 
Geldes (1903).!1 For though Johannsen was 


HI am indebted to Friedrich Lutz for bringing 
“Lahn’s” diagram to my attention. Marget (1938, vol. 1, 
pp. 331-36) discusses the intellectual influences that 
Johannsen and Adolph Wagner exerted one on the 
other. Whatever the nature of these influences, it is 
clear that Johannsen did not derive his diagram from 
Wagner: for, as noted above, Wagner made no use of 
diagrams in his analysis in general—and this is true of 
his analysis of money-flows in particular (1909, pp. 


158 ff.). 
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FOSTER AND CatcHINGs’ DIAGRAM 
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JOHANNSENS’ DIAGRAM 


FIGURE 3 


neglected by most of the profession, his con- 
tributions were appreciated by Wesley C. 
Mitchell (Dorfman 1949, p. 413)!2—who in 
1920 became Director oz the National Bu- 
reau of Economic Reseéerch, and to whom 
(among others) Rorty (who was then Presi- 
dent of the Bureau) expresses his general 
indebtedness. 


Let me conclude with two comments. 


12 See also Mitchell’s refererces to both Johannsen 
and Rorty as listed in the indices to his classic works on 
the business cycle (1913, 1927) 

13 See title page of Rorty’s bcok. 


First, even if the source of Knight’s “wheel 
of wealth” was Foster and Catchings’ dia- 
gram, it must be emphasized that Knight 
adapted this diagram to completely different 
purposes. In particular, as indicated at the 
beginning of tais note, Knight’s concern was 
with the allocative functions of the price sys- 
tem under the implicit assumption of full 
employment, not with the possible genera- 
tion of unemployment as a result of inade- 
quacies of aggregate demand. Thus no mat- 
ter what the origins of Knight’s wheel of 
wealth as a ciagram, its use to illustrate 


1043 


1044 


basic aspects of price theory—as distinct 
from monetary theory—seems to have been 
original to him. 

Second, after having in this way built con- 
jecture upon conjecture in the search for the 
“familiar figure” that inspired Knight’s 
wheel-of-wealth diagram, I must-~as some- 
thing of an anticlimax—note the possi- 
bility that Knight never drew his inspiration 
from any such figure in the first place! For in 
the earlier mimeographed version (1922- 
1926) of his analysis of the functions of the 
price system that I referred to at the begin- 
ning of this note, Knight starts his discussion 
with the statement that “...the general 
character of an enterprise organization re- 
duced to its very simplest terms can be indi- 
cated by a-diagram which suggests the fa- 
miliar figure of speech, the ‘wheel of wealth’.” 
Thus from this passage it would seem that 
the inspiration for Knight’s wheel of wealth 
diagram originally came not from a “figure,” 
but from a “figure of speech’—~and that 
Knight actually developed his diagram inde- 
pendently of the earlier ones described 
above. 


u In this connection it is interesting to note the dif- 
ferent uses that Samuelson has made of circular-flow 
diagrams in his Economics: An Introductory Analysis— 
the textbook by means of which Knight’s wheel of 
wealth has become familiar to a modern generation of 
economists. (On the origins of Samuelson’s diagram in 
Knight’s teachings, see above fn. 8.) All editions ,of 
Samuelson’s textbook present a minor adaptation of 
Knight’s description of the functions of the economic 
system in terms of “what, how, and for whom” to pro- 
duce. But in the first three editions this discussion is not 
accompanied by Knight’s wheel of wealth. Instead, 
Samuelson uses the circular-flow diagram in these edi- 


tions only for the quite different purpose (to which 


Knight had also very briefly adverted (1933, p. 62)) 
of illustrating the equality between national income and 
national product (Samuelson 1948, p. 206; 1951, p. 231; 
and all subsequent editions up to the most recent— 
1970, p. 170). Only in the fourth (1958, p. 41) and later 
(e.g., 1970, p.\42) editions is Samuelson’s discussicn of 


‘the functions of the economic system illustrated by 


Knights “wheel of wealth,” somewhat modified. In 
these editions Samuelson also makes use of the wheel 
in order to provide a detailed illustration of the simul- 
taneous, mutual determination of prices in a general- 
equilibrium framework (1955, p. 597; 1958, p. 615; 1970, 
p. 607). Thus beginning with the fourth edition of Æco- 
nomics, Samuelson presents the. wheel- of-wealth dia- 


gram at three different points in his textbook, each ` 


time in a somewhat different context. 
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But ance again things are not so simple: 
for neither the Oxford English Dictionary 
nor anv of the other standard reference works 
I have consulted list such a figure of speech. 
“Wheel of fortune,” yes; “wheels of indus- 
try,” ves; but not “wheel of wealth.” Did 
Knight later delete the words “of speech” 
from the 1932 version ‘of his discussion be- 
cause hə became aware of this fact? Or was 
this deletion the result of a slip of the pen 
or typographical error? Or did a slip occur 
in the original memeographed version in the 
very insertion of the words “of speech”? I 
do not know. 
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IN MEMORIAM 


FRANK H. KNIGHT 
1885-1972 


Frank Hyneman Knight was born in 
White Oak Township of McLean County, 
Illinois, on November 7, 1885, and died in 


Chicago on April 15, 1972. He was the oldest. 


of eleven children, of whom nine survived in- 
fancy and two (Melvin Moses, of Berkeley 
and Bruce Winton, of Dartmouth) also be- 
came professors of economics. 

Knight’s early career seems almost aimless 
in retrospect (and he was fond of saying that 
he abandoned farming chiefly because his 
feet hurt). He attended high school in Lex- 
ington, Illinois (1903-05), American Uni- 
versity in Harriman, Tennessee (1905-07), 
was a stenographer at the Jamestown Expo- 
sition in Norfolk, Virginia (1906-08), at- 
tended Milligan College in Tennessee (1908- 
11, Ph.B. 1911), then University of Tennes- 
see, 1911-13 (B.S., M.A. 1913), where he 
was an assistant in chemistry, and wrote a 
master’s essay on ‘‘Gerhard Hauptmann as 
an Idealist,” and finally Cornell University 
(1913-16; Ph.D. 1916). He was an excellent 
student (even in deportment, in which he re- 
ceived 100 each year at Milligan!), but not 
free of skepticism from his earliest years. In 
his autobiography (Pioneer’s Progress, 1952), 
Alvin Johnson reminisced about Cornell 
days: 

Knight came up from Tennessee, - 
where border-state diet had endowed 
him with dyspepsia and a graven ex- 


pression of pessimism. He was majoring 
in philosophy under Creighton and 
Thilly and doing a minor with me. I 
found him the keenest student of theory 
I had ever had. When I was elaborating 
some theoreticai subtlety he would turn 
on me the gray light of his skeptical 
eyes, seeming to say, “I don’t believe a 
word of that.” Sometimes he would at- 
tack my position, very competently. I 
liked that. It was stimulating to wrestle 
over points of theory. 

One day in the spring Knight came to 
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me with an unusually sad face. ‘‘Doc- 
tor,” he said, “I thought all along I was 
doing pretty well in my philosophy ma- 
jor. But Creighton called me in and 
gave me the most frightful hauling over 
the coals. Said I was totally unfit to 
study or teach philosophy; indeed, that 
I ought to drop the idea of teaching any- 
thing, for with my attitude I’d do more 
harm than good. I went to Thilly for 
comfort, and he gave it to me still 
worse.” 

I was astonished. Could two such 
clear-headed philosophers make such a 
mistake about so promising a student as 
Knight? I couldn’t believe it, I went 
straight to Creighton. 

“Knight?” he said bitterly. “It isn’t 
that he is devoid of ability. But with his 
ingrained skepticism he repudiates all 
the values of philosophy. As a teacher or 
writer he will be not just the blind lead- 
ing the blind into pitfalls. He will de- 
stroy the true philosophic spirit wher- 
ever he touches it.” 

“I see,” I said. “Knight has been mis- 
cast. He should not have majored in 
philosophy, where his work and attitude 
are so unsatisfactory, but in economics, 
where he does excellent work. Suppose 
I take him over?” 

“Do as you please,” said Creighton 
acidly. “We in philosophy will have 
nothing to do with him.” 


3 


The years 1913-16 marked the rapid mas- 
tery of economic theory. In the former year, 
Knight had essentially no knowledge of the 
subject; in the latter year he had completed 
Risk, Uncertainty, and Profit (with the title, 
Cost, Value, and Profit), one of the most in- 
fluential doctoral dissertations in the history 
of American economics. With revisions, it 
won second prize in the then-annual compe- 
tition of economics, the Hart-Schaffner- 
Marx prize for 1917 (the first prize was won 
by E. E. Lincoln, The Resulis of Municipal 
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Electric Lighting in Massachusetts), and it 
was published in 1921. The depth of the 
knowledge of economic theory that Knight 
acquired in these few years is simply in- 
credible. 

After a year as instructor at Cornell, 
Knight moved to the same post at Chicago 
(1917-19), and then became an assistant 
professor and (after 1922) professor at Iowa. 
He resigned from Iowa in 1928, and spent 
the rest cf his life at the University of Chi- 
cago. He became emeritus in 1955 but con- 
tinued to teach until 1958. 

He married Minerva Shelburne in 1911, 
and they had three daughters and one son. 
They were divorced in 1928. In 1929, Knight 
married Ethel Verry and they had two sons. 

Risk, Uncertainty, and Profit was not only 
Knight’s first systematic treatise, but also 
his last. This remarkable work which was re- 
printed many times in the London School 
series, not only influenced the thinking on 
risk and profit of a generation of economists 
but also served as one of the major treatises 


in graduate courses on economic theory. The - 


following decade was filled with articles of 
the highest distinction—most of the best of 
them included in The Ethics of Competition 
(1936). The essay on the nature of cost, di- 
rected to Pigou’s famous error on increasing 
cost industries, is perhaps the most lasting. 
In the 1930’s, his interests in economics 
shifted to capital theory, and his famous de- 
bate with the Austrians (Machlup and 
Hayek, and the temporary Austrian, Kaldor) 
covered the decade. 

Beginning in the 1930’s, however, his 
main interests began to shift from economic 
theory to social philosophy: the nature of 
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public ciscussion and decision making; the 
content (or absence thereof) of religious 
ethical systems; the contradictions in demo- 
cratic planning. A profound distrust of demo- 
cratic politics (which reached its climax in 
the dark days af 1932, when he delivered his 
lectures on “The Case for Communism”) 
was joined to an even more profound fear 
and dislike of all authoritarian systems: 
Knigh= was deeply pessimistic on the ration- 
ality of all political processes. 

Frank Knight was one of the last promi- 
nent economists to avoid all significant con- 
nections with the political and business 
worlds. Even the presidency of the American 
Economic Association, nomination to which 
he declined for 1937 and 1938, was compli- 
mented as burdensome and criticized as di- 
versionary, although he was persuaded to 
accept the office in 1950. He received the 
Francis A. Walker Medal in 1957. For many 
years he served as coeditor with Jacob Viner 
of the Journal of Political Economy. The im- 
pressions made by his highly idiosyncratic 
teachirg have been discussed by two former 
students (Stigler, JPE, May-June 1973; 
Patinkin, this Review). For a full generation 
he was the dominant intellectual influence 
upor. students at the University of Chicago, 
and in general his influence was most pro- 
founa upon the most able students. A reason- 
ably complete bibliography through 1936 is 
contained in The Ethics of Competition. Two 
other extensive collections of his essays are 
Freeacm and Reform (1947) and History and 
Meinasi of Economics (1956). He translated. 
Mex Weber's General Economic History 
(1927, and wrote with T. W. Merriam, The 
Economic Order and Religion (1945). 





Combatting Role Prejudice and Sex Discrimination 


FINDINGS OF THE AMERICAN Economic ASSOCIATION COMMITTEE ON THE STATUS OF 
WOMEN IN THE Economics PROFESSION” 


I. Role Prejudice as an Economic Problem! 


It is well recognized among economists 
that arbitrary discrimination in the labor 
market creates a general economic loss. 
Where certain people are excluded from jobs 
for reasons which have nothing to do with 
the performance of the jobs themselves, the 
loss to consumers plus the loss to those who 
are excluded is greater than any gain to those 
who are favored. There is now copious litera- 
ture on this subject. 

It is less well recognized that discrimina- 
tion among existing members of the labor 
force is only a special case of a much larger 
process of role learning and role acceptance, 
which begins almost from the moment of 
birth. It is not merely that differences in 
skills are learned, asin Adam Smith’s famous 
passage about the porter and the philoso- 
pher,? but images of possible roles on the 
part of both the role occupants and the role 
demanders are likewise learned in the long 
process of socialization. The existing division 
of labor at any one time, therefore, may re- 
flect “role prejudice’—that is, a learning 
process by which certain irrelevant biological 
or genetic characteristics of individuals are 
associated with certain roles. Some genetic 


* This report is published pursuant to a resolution 
adopted by the members at the Annual Meeting of the 
American Economic Association, December 28, 1971. 
In providing for establishment of the Committee on the 
Status of Women in the Economics Profession, the reso- 
lution specified that “Its general findings, conclusions, 
and recommendations shal! be published by the Amer- 
ican Economic Association upon the Committee’s re- 
quest” (Amer. Econ. Rev. Proc., May 1972, p. 474). This 
report has not been considered or approved by either 
the Executive Committee or the membership. 

1 Part I was drafted for the Committee by Kenneth 
E. Boulding, professor of economics, University of 
Colorado. 

2 “The difference between the most dissimilar char- 
acters, between a philosopher and a common street 
porter, for example, seems to arise not so much from 
nature, as from habit, custom, and education” (p. 15) 
Adam Smith. 
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distinctions are significant for role per- 
formance, but many are not and yet are 
widely believed to be significant. These be- 
liefs are products of a false social learning 
process, which can be a source of economic 
loss even larger than false discrimination 
within an existing labor force. Discrimina- 
tion in an existing labor force indeed emerges 
as one consequence of the much larger proc- 
ess of the development of role prejudice. 
Role prejudice tends to develop when there 
are genetic differences in the human popula- 
tion which are visible but are not necessarily 
significant fer role performance. We see this 
clearly by considering those genetic differ- 
ences which are undetectable except by re- 
fined methods and therefore are socially in- 
visible. Some of the blood types are perhaps 
an example. In ordinary life we are quite 
unaware of a person’s blood type. Conse- 
quently, it can be safely assumed that there 
is no role prejudice against blood types of 
different kinds, unless these happen to be as- 
sociated with other characteristics which are 
socially visible. For the major types, this 
association is fairly minimal. Consequently, 
we would be very surprised to find a distribu- 
tion of blood types in any occupational 
group or income group of any size which is © 
markedly different from the distribution of 
blood types in the population as a whole. 
For any particular distribution of genetic 
characteristics, it is clear that we can postu- 
late “no-prejudice proportions” in all the 
different occupations and structures of so- 
ciety. In the case of the socially invisible and 
irrelevant characteristics mentioned above, 
the no-prejudice proportions, subject to 
random variation, in any group of society 
would be expected to be the same as the pro- 
portion of the characteristic in the society as 
a whole. If there were any case—and I must 
confess I have not been able to think of one 
—~of a genetic characteristic which is relevant 
to role performance but which is socially in- 
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visible and not in the information system, 
then the existing structure of proportions of 
the characteristic in different occupations 
might not be the same as the proportions in 
society as a whole, and those occupations 
which this invisible characteristic favored 
would have a larger proportion than in the 
society as a whole, but this would still con- 
stitute a no-prejudice distribution. Para- 
doxically enough, without knowledge there 
can be no prejudice; without some knowl- 
edge, there can be no false knowledge. 

Role prejudice may easily arise where 
there are highly visible and observable ge- 
netic characteristics, such as sex, race, 
height, size, color, and so on. Historically 
these have frequently been perceived as 
having some relevance to performance in dif- 
ferent roles. But this relevance tends to be 
exaggerated, because a rational tendency to 
economize information can easily turn into 
an irrational process of stereotyping and 
false knowledge. 

The genetic division of the human race 
into men and women qualifies in most socie- 
ties as the major form both of discrimination 
in the existing labor force and of role preju- 
dice. This is not surprising, as the genetic 
difference between the sexes is far greater 
than it is among the races in terms of the 
structure of information of the genetic cade. 
There is one role indeed—that of bearing 
children—in which there is 100 percent ge- 
netic specialization between the sexes, in the 
sense that no men will be found in the child- 
bearing population. The very social visibility 
of the distinction between the sexes, how- 
ever, makes it a prime candidate for role 
prejudice, which creates a huge reservoir of 
false knowledge, false education, and false 
learning processes. All are costly to society 
in exactly the same sense that an unknown 
and unutilized natural resource is costly in 
the sense of opportunity foregone. We can, 
oddly enough, think of role prejudice as a 
large natural resource which can be mined by 
the development of true knowledge and bet- 
ter learning processes to the benefit of the 
whole society. 

Where the sex distinction is completely 
irrelevant to role performance, role prejudice 
can be said to exist wherever there are sub- 
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stantiel deviations from the 50 percent rule 
—that is, 50 percent of each sex in the occu- 
pation—this being assumed to be the pro- 
portion of the sexes in the total society. The 
difficu.t case, of course, is where there is 
some zenetic foundation for partial role dif- 
ferent.etion. It is the cases between the 50 
percert and 100 percent that are difficult, 
and ir. these cases there is often no inferma- 
tion system—at the moment at any rate— 
which can inform us as to the exact propor- . 
tion of the sexes in different occupations 
which constitutes zero role prejudice. Fortu- 
nately, however, we do not have to know 
where the exact position of the ideal propor- 
tion is {the existing proportion clearly repre- 
sents a gross disproportion. In order to set up 
a social policy we do not have to know 
exact.y where the ideal lies. We merely have 
to idertify those cases in which the deviation 
from tae ideal is so clear and striking that we 
can End wide agreement as to the desirable 
direczion of change. At the bottom of the 


,mountain, one knows which way is up, even 


thouzh one may not know exactly where the 
top of the mountain lies. Maximizing is an 
illusina, but betterment is not. 

It is the contention of the American Eco- 
nom :c Association Committee on the Status 
of Wcmen in the Economics Profession (the 
Commnittee) that there is gross dispropor- 
tionality in the proportion of women to men 
in the economics profession, and especially 
in wmiversity teaching, as revealed in the 
data which have been collected. Fortunately, 
we cc not have to argue whether the genetic 
differ2nces between women and men would 
resiLt in a no-prejudice proportion of women 
in ezonomics of 40 percent or 50 percent or 
60 cercent when the actual proportion is less 
than 10 percent. This gress disproportional- 
ity, af course, arises from sources in the long 
hiszo-y of the human race, most of which are 
outside the economics profession. This, how- 
ever, does not excuse the economics profes- 
sior from setting in motion processes which 
will raise its proportion of women. We are a 
sectcr of the knowledge industry and a group 
of people concerned with eliminating sources 
of unnecessary economic loss. Only if we are 
successful beyond our wildest expectations, 
corms.dering the vastness of the mine of ig- 
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norance and false learning, will it be neces- 
sary to raise the question as to whether we 
` have gone too far. 

The critical question, therefore, is that of 
the “betterment production function,” as it 
might be called. The social indicator of bet- 
terment is in this case clearly an increase in 
the proportion of women in the profession, 
especially in those branches where the pro- 
portion is least. If the rate of change of this 
proportion is regarded as the product, the 
question is: What are the inputs which pro- 
duce this output, and particularly, what are 
those inputs that can be most easily ex- 
panded and that have the highest marginal] 
productivity? We might also look at those 
inputs which have a high negative marginal 
productivity and which can be contracted. 
Four broad classes of Inputs may be named: 
Information, Persuasion, Rewards, and Pun- 
ishments. 


X 


1. Information 


Information properly organized changes 
the images of the world of people who receive 
it and consequently changes their behavior. 
There are two aspects of the information 
process— theoretical structures and informa- 
tion about fact. Better theoretical structures 
are an essential ingredient in the advance- 
ment of knowledge, ard in this particular 
case it is important that the theory of role 
prejudice, as outlined above, should be 
widely recognized as a legitimate extension 
of economic and social theory. One of the 
greatest enemies of the fact of prejudice is the 
spread of the idea of trejudice. Once it is 
recognized as a theoretical construct, the 
facts of perverse social learning which previ- 
ously have been invisible become glaringly 
visible. The improvement and elaboration 
in detail of the theory of role prejudice is still 
an important task for the future. 

Coupled with a wider appreciation of the 
theory, the development of statistical infor- 
mation, case studies, anc a continuing series 
of social indicators can serve as a constant 
criticism of what is false in existing theories 
of the world and a reinforcement of what is 
true. It is tempting to think of every advance 
in knowledge as the result of a combination 
of new theoretical insights with new informa- 
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tion collection and processing procedures. In 
social systems, however, knowledge does not 
merely reflect the world—it changes it. And 
in this case particularly, the more we know 
about role prejudice, the less there is likely to 
be. Getting lost is one way to improve one’s 
knowledge of the terrain, but studying a map 
is a better way, and diminishes the amount 
of getting lost. 


2. Persuasion 


The mere existence of knowledge and in- 
formation is not always enough to insure its 
spread. One of the major sources of ignorance 
is inattention, and to insure the spread of 
new knowledge it is often necessary to call it 
to the attention of people in ways which are 
dramatic and persuasive. The fact that per- 
suasion can be abused to propagate false 
knowledge does not excuse us from its proper 
use in the propagation of truth. Persuasion 
plays a particularly important role in the 
change of values, and without getting into 
the ancient controversy about the truth of 
values one has to recognize that change in 
our image oi the world inevitably changes 
our values about it. As scientists, we have to 
guard against the information filter which 
our values create. We cannot pretend, how- 
ever, that information is value free. Change 
in knowledge and change in values are joint 
products of a single process. 

A problem of particular difficulty is that of 
irrelevant and unconscious sources and atti- 
tudes, even in the academic and intellectual 
community, which is supposed to be on its 
guard against irrationality. The relations be- 
tween the sexes are often characterized by 
high levels of emotion, and hence are particu- 
larly subject to the distortions which arise 
from unconscious or irrelevant sources. It is 
one of the functions of ethical persuasion to 
raise our awareness and to set up defenses 
against attitudes and prejudices which arise 
from this source. 


3. Rewards 


It is widely recognized in the learning 
process that positive and negative payoffs 
are of great importance. Every economist is 
familiar with the proposition that any hu- 
man activity which is rewarded above some 
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neutral level will expand and those rewarded 
below this level will contract. The structure 
of knowledge and values in the human 
mind, likewise, grows towards its own more 
positive payoffs and away from the less posi- 
tive and negative payoffs. It is by construct- 
ing a reward structure that society is most 
likely to achieve change. These rewards may 
be either internal or external. Our own ap- 
plause, as Paul Samuelson suggested, may 
indeed be the greatest reward of all. No 
economist, however, can deny the signifi- 
cance of external reward, whether the ap- 
plause of others or those more tangible 
things, such as subsidies, tax remissions, and 
price changes. Curlously enough, although 
psychologists seem to agree that rewards are 
more successful than punishments in the 
learning process, it seems harder to legiti- 
mate a reward structure. A suggestion, ior 
instance, that dues paid by members of the 
American Economic Association should be 
scaled down if the organization or depart- 
ment to which they belong had a high pro- 
portion of women might be hard to legiti- 
mate, even though it might be effective. 
Nevertheless, the search for reward struc- 
tures should go on. 


4. Sanctions and Punishments 


Punishments always seem to have been 
easier to legitimate than rewards, perhaps 
because of a belief that they are cheaper, in 
spite of much evidence that they do not con- 
tribute as much to learning. Nevertheless, 
there is one extremely good reason for the 
use of sanctions. In the case of public goods 
and public bads it is well recognized by 
economists that legitimated threat of some 
kind is essential if we are to avoid some 
“tragedy of the commons.” Private reward 
structures, such as the market and the price- 
profit mechanism, are particularly well 
adapted to the provision of private goods, 
but are poorly adapted to public goods, 
where without some sanctions in the collec- 
tion of taxes public goods would simply not 
be provided in adequate amount. Private re- 
ward systems are also poorly adapted to 
dealing with public bads such as pollution, of 
which role prejudice is a prime example, in 
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the sense that everybody is somewhat di- 
minished by it. The “freeloading principle” 
applies here, for if there are no sanctions it 
will per the individual not to participate in 
a collective sacrifice required for the in- 
crease cf a public good or the diminution of a 
public bad. To rely on purely private re- 
wards end exhortations for the diminution of 
role prejudice is rather like trying to finance 
a government with purely voluntary contri- 
butions. 

To say that sanctions are necessary does 
not mean to deny that there are acute prob- 
lems both in the quantity and the quality of 
sanctions, and that bad sanctions may be 
worse than no sanctions. This, however, does 
not excuse us from the search for good sanc- 
tions, which must not be larger than neces- 
sary, must be credible, legitimate, precise, 
equitable, and so on. Sanctions should fall on 
violatcrs and not on the innocent; they 
should be appropriate—that is, any punish- 
ment should fit the crime—and it should be 
recognized that, like all deterrents, punish- 
ments are most successful when they are not 
carried out. Economists will recognize, how- 
ever, that no system of sanctions can ke per- 
fect and that there kas to be some kind of 
tradecff between imperfection in the system 
of senctions which will inevitably lead to 
some failures of both justice and of deter- 
rence, and the failure of the provision cf pub- 
lic goods or the elimination of public bads 
which too weak a system of sanctions might 
Invo.ve. 

The power of the American Economic As- 
sociation to invoke sanctions is small indeed, 
and it could be argued that, apart from pub- 
licity—-which under some circumstances is 
itseli a sanction—a professional association 
should not legitimately engage even in lin- 
guistic sanctions like censure. Nevertheless, 
it is anly realistic to be aware of the fact that 
sanctions of government can be invoked by 
groups in the society in the furtherance of 
what they believe tc be general betterment. 
Ever a profession is not exempt from partici- 
patirg in the society of which it is a part. It 
is important that vigilance be maintained 
agaust both the abuses of sanctions and 
their undue neglect, even though the primary 
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emphasis of the intellectual community is 
properly on information, persuasion, and re- 
wards. 

The Committee is aware that it has a spe- 
cial task which is part of a much larger social 
process. Role prejudice in particular is by no 
means confined to women. Men also suffer 
from role prejudice, and it accounts for other 
kinds of discrimination than one based 
solely on sex. Nevertheless, as economists we 
believe in the division of labor and we believe 
that the pursuit of our particular task is to 
complement rather than compete with the 
labors of others in the long process of social 
betterment. The guidelines that we are pro- 
posing, while they are particularly applicable 
to our special case, are all simply examples of 
the fundamental general principle—that 
where there is clearly not enough, the sim- 
plest and most necessary guideline is “more.” 
In what follows we spell out in detail this 
essential principle. 


IJ. Guidelines to Obviate Role Prejudice 
and Sex Discrimination? 


The following guidelines are written for 
members of the American Economic Associ- 
ation who, as faculty members in depart- 
ments of economics in various colleges and 
universities, as economists in business, in- 
dustry, or government, wish to remove, 
mitigate, or prevent discrimination against 
women economists. These suggestions have 
been prepared by the Committee to illustrate 
steps that can be taken by those of good will 
who seek to comply with the spirit as well as 
the letter of laws proscribing employment 
discrimination. Over time, other suggestions 
may be appropriate; and the guidelines may 
need amendment or modification to reflect 
changes in the conditions of employment 
faced by women economists. 

Not all institutions will wish to implement 
all the recommendations given here. Never- 
theless, thoughtful cons:deration of whether 


3 Part II was written by Barbara B. Reagan, profes- 
sor of economics, Southern Methodist University, on 
behalf of the Committee. These guidelines reflect the 
input and discussion of all Committee members as well 
as public discussion in Toronto at the December 1972 
meetings of the American Economic Association. 
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a particular suggestion has merit for a given 
institution may reveal needs heretofore un- 
recognized and may be the basis for setting 
in motion policies that will eliminate sources 
of discrimination and unnecessary economic 
loss. l 

Because many members of the American 
Economic Association will wish to review 
again the resolutions relating to elimination 
of sex discrimination among economists that 
were passed by the Association at the annual 
meeting in December 1971 at New Orleans, 
the resolutions are repeated here.* They pro- 
vide the framework for the Committee’s 
guidelines for positive policies and remedial 
action to obviate role prejudice directed 
against women economists. 


I. RESOLVED that the American Eco- 
nomic Association declares that eco- 
nomics is not exclusively a man’s feld. 
The Association herewith adopts a 
positive program to eliminate sex dis- 
crimination among economists, whether 
employed in universities and colleges, 
industry, finance, publishing, or other 
endeavors. The President shall make 
known, by all available means, the Asso- 
clation’s adoption of the following prin- 
ciples: 

a) To redress the present low repre- 
sentation of women in the eco- 
nomics profession, the Associa- 
tion shall actively encourage 
the study of economics by wo- 
men at all levels of education. 


Low representation of women in the eco- 
nomics profession occurs in part because 
women students do not have appropriate role 
models at the university nor in visible posi- 
tions in other places of employment. Women 
also lack accurate information and encour- 
agement throughout the entire educational 
process. The role models needed are profes- 
sional women economists with whom young 
women can identify and from whom young 
women can obtain information and counsel- 
ing. It is also important that young men in 
the classroom recognize, as a matter of 
course, that professional women play a vital 


4 The resolutions are contained in the Appendix to 
the minutes of the annual meeting, pp. 473-74. 
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role in economics as well as other fields, and 
that professional competence among adults 
should not be sex-related. Throughout their 
entire training, children, both boys and girls, 
should have opportunities to appreciate the 
economic contribution of women to our so- 
clety, and the economic circumstances of 
discrimination against women. By the time 
young women have completed high school, 
they should know that job planning is essen- 
tial for everyone and should understand that 
economics is a perfectly appropriate field of 
study for women. 

There are numerous things that econo- 
mists can do to encourage the changes 
needed to overcome previous false social 
learning, 

(1) Educational Institutions. The value 
of women faculty role models at the college 
or university level cannot be stressed too 
much. A substantial amount of talent that 
would otherwise flow into this profession is 
lost because, without the presence of women 
faculty, undergraduate women erroneously 
assume that economics is a profession for 
men only. An exclusively male department 
also lacks the abilities to correct these im- 
pressions, not least because men economists 
themselves overlook the difficulties sub- 
sumed under the cliché “economics is a man’s 
field.” A women economist can provide en- 
couragement and proof that it is possible not 
only to survive but to accomplish, even as a 
member of a tiny minority group. The posi- 
tive role that women faculty can play in en- 
hancing the education of both women and 
men should be considered in making appoint- 
ment decisions. 

Departments should also use other meth- 
ods of making women more visible—inviting 
guest lecturers (for example, women from 
government, industry, management, finance, 


5 Elizabeth Tidball has established a correlation be- 
tween the number of women faculty at a school and the 
number of women students who subsequently attain 
recognition for their achievements, using a random selec- 
tion of listings in Wio’s Whe of American Women for a 
three-decade period. The statistically significant posi- 
tive correlation coefficient was +0.953 with P<0.005. 
By contrast, “the number of men faculty neither en- 
hanced nor detracted from the output of women 
achievers.” 
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public action programs, research), hiring 
women visiting professors, featuring women 
in career opportunity conferences, using 
womer as special lecturers, recommending 
womer. experts when students want some- 
one with whom to consult, and including 
women economists in informal gatherings of 
econornists. Again, these are ways of doing. 
away with role prejudice. 

Departments should facilitate communi- 
cation between senior women economics ma- 
jors and freshmen women so that the latter 
may be appropriately informed and en- 
couraged tc study economics. Whenever 
possible, communication between women 
graduaze economics students and women 
undergraduate majors should be similarly 
facilitaied. 

(2: Government. Part of the lack of role 
models for potential women economists has 
arisen because the government at all levels 
has put little effort into appointing women 
economists to highly visible positions. Econ- 
omists should work to increase the number 
of women economists in high ranking posi- 
tions in the federal and state governments to 
serve as examples and encouragement to 
women facing career decisions. 

The tederal government, as part of the 
Federal Women’s Program, should require 
that women be given equal opportunity in 
government-financed graduate student pro- 
grams and should encourage women in such 
programs to study economics. 

(3) Private Industry. Private industry 
should search for women economists in order 
to place them in both research and adminis- 
trative positions. The reciprocal employment 
relationships between industries and uni- 
versities (and/or consulting arrangements) 
should be encouraged for women economists 
as it has been for men. 

Training of mid-career women economists 
alreedy employed in the private sector 
should be encouraged. Both full- and part- 
time training and educational opportunities 
should be made available to women econo- 
mists, as to men, to enable them to acquire 
new skills and improve their status 


Resclutton Ib) No academic institution 
cr Jepartment shall discriminate against 
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women in admission to studies in eco- 
nomics or in the form or amount of fi- 
nancial aid. Every economics depart- 
ment shall actively encourage qualified 
women graduate students without re- 
gard to age, marital or family status, 
and shall actively promote their subse- 
quent employment. 


(1) Admissions. The admissions process 
should be checked by economics departments 
to ensure that there is no discrimination on 
the basis of sex, age, marital, or family 
status. In efforts to eliminate or preclude 
such discrimination, whenever possible, wom- 
en faculty or graduate students should par- 
ticipate in the admissions process. When 
prospective candidates for admission are in- 
terviewed, women applicants should not be 
asked questions about marital or family 
status (actual or prospective) that are not 
asked of men. 

(2) Recruitment. Because the applicant 
pool is often low, departments of economics 
should actively recruit women into their pro- 
grams at both the graduate and under- 
graduate levels. Women graduates of the de- 
partment form a good supplement to such 
recruiting efforts. To give evidence of career 
opportunities, departments might keep a file 
of letters from former economics majors on 
their experiences with further academic 
training and/or the labor market. Whenever 
possible, women graduates from the depart- 
ment should be invited back to give lectures. 
When recruiting graduate students, particu- 
lar attention should be paid to institutions 
from which large numbers of qualified wom- 
en may be recruited; such places may in- 
clude state and city colleges and women’s 
colleges. Letters to colleagues teaching un- 
dergraduates should publicize the depart- 
ment’s interest in women applicants. When 
considering applications, women with under- 
graduate preparations that are closely re- 
lated to economics should also be considered. 

(3) Financial Aid. When faculty mem- 
bers or department chairmen are making de- 
cisions with respect to the size of grants or 
fellowship aid for various graduate students, 
marital status should have no relevance. In 
particular, married women should be treated 
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in the same way as married men. Under no 
circumstances should it be assumed that a 
married woman’s needs are less than a man’s 
without due consideration of the financial 
facts involved.§® 

Information on sources of fellowships and 
grants should be distributed so that all stu- 
dents, both men and women, receive the in- 
formation on an equal basis. When depart- 
ments are asked to make nominations for 
financial aid, qualified women should be in- 
cluded. 

Federal scholarship and loan progrems 
should actively seek out women graduate 
students as potential recipients and should 
inform all departments of their interest in 
women applicants. 

(4) Encouragement in the Program. Those 
departments that at present have no women 
faculty members should make special efforts 
to schedule guest lectures by women econo- 
mists so that graduate students will be more 
aware of the active participation of women in 
the field. Faculty should include publications 
of women economists on reading lists, par- 
ticularly in basic courses. 

(5) Placement.’ In writing recommenda- 
tions for prospective employment, econo- 


€ A relevant court case in 1971 involved John and 
Mary: 


“.. high school sweethearts who married shortly 
after graduation. Mary went to work for a bank in a 
small city in Northern Indiana. John worked as a sales- 
man in the same city. Mary prospered, was promoted, 
and eventually became a cashier. John did less well. 
Growing restless, he enrolled in college, using Mary’s 
earnings as the basis of his support. Eventually he grad- 
uated with a Master of Science degree in Science Educa- 
tion and entered the teaching profession. In college, and 
after graduation, reportedly because of college experi- 
ences, John claims that he grew intellectually and so- 
cially while his wife stagnated. Finding Jane, a fellow 
teacher, more compatible, he fell in love and pursued an 
affair with her. Mary sued for divorce and claimed as 
part of her settlement the present value of the college 
education of her 41 year old male Caucasian husband, 
the value of which was computed at $49,653. In the fece 
of this suit John saw Mary in a new light. They were 
reconciled.” 


(This information was provided to the Committee by 
David R. Witmer, Assistant Chancellor, University of 
Wisconsin-La Crosse.) 

T Although these comments are written with respect 
to recommendations for and placement of women gradu- 
ate students, they apply equally to placement of women 
economists in subsequent stages of their careers. 


a 
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mists should not include comments on physi- 
cal appeararice; such comments are not rele- 
vant in evaluation of a candidate’s qualifica- 
tions for employment. In particular, care 
should be taken that comments on physical 
appearance are not used. differentially in 
. evaluating female and male applicants. Ref- 
‘erences to so-called “feminine” or ‘‘mascu- 
line” traits should be omitted. Marital 
status, number of children and other private 
_-facts of a candidate’s life should not be as- 
sumed to affect a person’s ability to meet 
professional obligations. Comments regard- 
ing political views, particularly the Woman’s 
Liberatien Movement, are appropriate only 
insofar as they are relevant to the applicant’s 
` field of research or scholarship. 

Care should be taken not to use traditional 
sex-related stereotypes—downgrading women 
for conforming to the “passive-accepting”’ 
model, or condemning women as unduly 
“aggressive” for competing to a degree well 
within the bounds of normal behavior set by 
their male colleagues for themselves. The 
latter type of participation may seem unduly 
aggressive only when ‘measured against a 
passive, accepting stereotype of the feminine 
role, but not when measured against profes- 
sional standards. 


Resolution Ic) No employer, academic or 


8 “Women candidates, to win entire approval, have 
to be both chic and brilliant, and so the woman who is 
plain-looking, a spinster-scholar type, evokes a negative 
response for she is not a complete woman, she lacks 
sociability and will not flatter the egos of male depart- 
ment members. Dossier after dossier divulges irrelevant, 
negative commentary: ‘—is a large, broad-boned, some- 
what awkward young woman who must be close to six 
feet in height,’ ‘her mousiness belies a sharp mind’; ‘~is 
... tall and proportioned like an Olympic swimmer’; 
‘she is a steady woman who will never marry.’ And 
within a single paragraph from a male at an elite gradu- 
. ate school; she has a ‘comfortably upholstered’ person 
and personality, she performed ‘athletically’ in a par- 
ticular course, she would be the ‘wheelhorse’ of any 
committee on which she served. And of an older woman, 
‘if she has any faults, they are those that usually ac- 
company the ambitious woman of her age.’ In other 
words, the rare comment on a male’s appearance is 
simply a footnote, the frequent comment on a female’s, 
a thesis statement.” ... “Our experience of women’s 
dossiers confirms that a letter writer, often unselfcon- 
sciously, diminishes a female candidate’s intellectual 
power by stereotyping her as too feminine, too pretty. 
These comments, a composite from a type candidate’s 
dossier, make a damning package: sweet, but not sac- 
charine, quiet, unaggressive, shy, but very pretty, a 
decoration to the classroom.” [M.L.A. Newsletter, p. 3] 
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otherwise, may discriminate against 

qualiied women economists as candi- 

dates for positions, or for promotion or 
tenure, or for assignment of duties and 
responsibilities. ae. 

-Employers should actively recruit women 
for the economics staff so as to increase 
diversity—-sex as well as race, field or spe- 
cialty, and school of training. Evaluation of 
employzes’ performance and potential for 
advanc2ment should be based on the same 
criteria for women as for men. Assumptions 
about availability for employment as econo- 
mists snould not be made on the grounds of 
marital status, other employment, home 
obligations, or the like. Women faculty 
members should share equally in administra- 
tive and committee appointments. Tempor- 
ary positions or consultantships should not 
be used for women as a subterfuge to avoid 
namirg them to permanent positions. Titles 
such a3 lecturer or adjunct should not be 
used to deny tenure track positions. Simi- 
larly, in government and industry separate 
job classifications should not be used as a 
subterfuge masking discrimination against 
qualified women economists. 

All women should have access to manage- 
ment and executive training courses. In- 
service training opportunities, “acting” ad- 
ministrative positions, and other forms of 
“grooming? for advancement should be 
made available for women as well as for men. 
Informal benefits, as for example, travel re- 
imbursement, conference invitations, and 
speaking . opportunites should be equitably . 
apportioned. Government agencies should 
submiz evidence to the Civil Service Com- 
mission that women are being included in 
these activities. Follow-up evaluations of 
training courses should include information 
as to whether women participants in such 
training courses move ahead in their jobs as 
rapidly as men. 

Members of the American Economic As- 

a, the employment form of a major oil company - 
included the question, ‘can this employee relocate?’ On 
examining the completed forms of 300 women employees, 
the company officials found the appropriate box marked 
‘no’ in. 2very case. On probing further, they discovered 
that no one had actually asked the women whether they 


would relocate; it had simply been assumed that the 
would not.” [Boyle; p. 94] 
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sociation should review written and unwrit- 
ten membership criteria of local or regional 
economics associations to ensure that women 
economists enjoy equal access and equal op- 
portunity for participation. Members of the 
Association can be effective in protesting the 
exclusion of women from membership in any 
local economic association or any other pro- 
fessional organization to which they belong 
that is not willing to invite women econo- 
mists to be members. Membership in such 
organizations is an important part of the 
informal professional network, and denying 
women access to any part of the network is 
sex discrimination. 

Positive efforts to regularly include women 
economists in the informal professional net- 
work should be conscientiously encouraged 
by all. The inclusion of women in this net- 
work should be considered a matter of rou- 
tine operating procedures. 


Resolution Id) Salaries, fringe benefits, 
and facilities and resources for research 
for women shall be the same as those for 
men in the same position and rank. 


All employers should regularly compare 
the salary, training, fringe benefits, and other 
terms and conditions of employment for 
women economists with those for male econ- 
omists with comparable education and 
experience. Where women have not received 
treatment similar to that given men, correc- 
tive action should be taken immediately. 
Remedies may include giving the woman as- 
sistance with “upgrading” herself through 
leaves or other devices, changing rank or 


10 In 1921 a woman graduate student at Stanford 
joined her professional association. When she married, 
she kept her membership; her husband was not then a 
member. Some years after that it seemed sensible for 
him to belong to the association and they made it a 
“family”? membership, which they continued through 
1972. In December they resigned their memberships. 
After some weeks the husband received a letter from 
the Secretary’s office expressing regret for his: resigna- 
tion after having been a member for so many years and 
offering him a membership without publications. No 
such letter was sent to his wife although she had been a 
member for over half the century. (This information 
was presented to the Committee by Lucy Winsor 
Killough, a retired member of the Wellesley College 
faculty.) 

it For many years, the Yale Economics Department 
conducted official business at a male-only club. 
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position, increasing base pay and granting 
back pay. (That back pay should be accom- 
panied with interest may seem an ideal to 
some professionals, but scarcely to econo- 
mists.) Rectifying a previous inequity can 
in no way be construed as reverse discrimina- 
tion. Indeed, the aim of the action normally 
has to be to change the initial distribution of 
emoluments in favor of the party subjected 
to discrimination, By definition, at least the 
relative shares of all other groups must de- 
cline. There is no other way to correct unfair 
shares. What happens to absolute shares ob- 
viously depends on what’s happening to the 
size of the pie. 

After corrective action is taken, care must 
be exercised that equal treatment is main- 
tained in the future. It is very easy to recog- 
nize that an equity raise has been given a 
women, and then during the following years 
to slip into old patterns of thought so that 
merit raises gravitate to men in the depart- 
ment, thus reestablishing old patterns. 

(1) Salaries. Employers should review 
and evaluate salaries paid to women even 
though no formal complaint or charge has 
been filed. Conferences with the women 
economists involved may prove helpful in 
diagnosing situations in which women feel 
that their salary is inappropriate. Lower geo- 
graphic mobility among women should not 
be assumed or used as a rationalization for 
lower salary. Employers should not base the 
pay of a new employee solely on the basis of 
previous pay. The federal government should 
not continue to base GS ratings for entering 
academic economists primarily on the basis 
of total salaries before entering government 
service. Rather, the GS rating should be 
based upon objective criteria relevant to the 
job description. Otherwise, discrimination 
against women economists entering govern- 
ment service will simply compound past dis- 
crimination resulting from denial of equal 
access to outside consulting and related ac- 
tivities. 

(2) Fringe Benefits. Employers should 
review all fringe benefits for possible sex 
discrimination and ways to facilitate employ- 
ment of women. Examples include health and 
life insurance, pensioning, tuition grants for 
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children, mortgage or other loans at low in- 
terest rates, subsidized housing, child care 
facilities on campus and at- conferences, 
recreational facilities, and various sorts of 
leave. Women should not be discriminated 
against because of an actual or potential 
maternity leave. Men and women econo- 
mists should be offered the same facilities 
and resources for research, including assisi- 
ants, offices, and equipment. - E 


Resolution Ie) There shall be no distinc- 
tion between men and women as to what 
is considered to constitute full-time em- 
ployment. 


Both part-time and full-time positions 
should be described completely with respect 
to the obligations of the persons appointed. 
For example, many academic appointments 
consist of a combination of duties: teaching, 
consulting, advising students, departmental 
‘governance, recruiting, supervising person- 
nel, conducting research, representing the 
department, and so on. Tf one or more of 
such activities is optional, performance in 
the optional activity should not carry any 
weight in determining promotion or. com- 
pensation. Those duties that are a necessary 


part of the job should be clearly stated anda _ 


minimum time should be specified. . 

- Some women may wish part-time appoint- 
ments, particularly for the few years while 
their children are small. Others may wish 
full-time appointments. Preference of in- 
_ dividuals should be considered. Institutions 

should not base their hiring policy on the 
myth that most working women are in- 
terested in part-time work primarily to earn 
pin-money. On the other hand, institutions 
should increase the part-time .options for 
= those, men or women, who are interested. 
(See Resolution IIT.) 

Care must be taken that “part-time” is 
not another job title that is used as a con- 
venient way to deny job opportunities for 
women who wish to work, or in fact do work 
full time. 


Resolution If} Employment may not be 
refused to any qualified economist on 
the grounds of family relationship to.an- 
other employee. 
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Decisions regarding appointment, promo- 
tion, salary, or tenure should be unaffected 
by the presence of a close relative in the same 
or related firm, department, or government 
agency. However, employees should neither 
initiate nor participate in institutional deci- 
sions involving a direct benefit (initial ap- 
pointment, retention, promotion, salary, 
leave of absence, etc.) to members of their 
immediate families. 

Much of the past discrimination against 
women has been related to théir marital 


. status zs well as their sex.!? Economists em: 


ployed dy a college or university, a firm, or a 
government agency with practices in conflict 
with those suggested here should campaign 
actively to have the rules or practices 
changed. 

Without compromising standards in, any 
way, special efforts should be made to facili- 
tate the employment of couples who apply 
to institutions as teams. Such employment 
should be in keeping with the individual 
talents of the team members so that neither 
part will be specially burdened. 


III. RESOLVED that the American 
Eccnemic Association -shall encourage 
flexibility in providing opportunities for 
education and employment on a part- 
time basis both for men and women. 


Departmenis of economics should review 
all educational requirements that include a 
time specification. It is expected that a con- 
scientibus reexamination of existing proce- 
dures will lead to considerably more flexible 


2 “Tke invisibility of the female job candidate 
emerges nowhere more unselfconsciously.than in the 
dossiers of young, married graduate students. ‘The dos- 
,Siers of indeniably brilliant, serious, promising women, 
‘filled wi-h letters from eminent advisers, very frequently 
compare the woman with her husband, stereotype her 
as the teacher not the scholar-thinker, ‘and so the less 
valuatle member of the couple. Indeed, one often 
wonders for wnom the letter was written. One woman’s 
letter contains this sentence: ‘Mrs. —s husband —is an 
excellent scholar, rather more disciplined and profes- 
sional..... Mrs. — complements him with her more 
imaginative and enthusiastic . . : literary rather than 
historical perspective.’ ... Or another begins: ‘— and 
her very able husband’ and continues ‘like her husband, 
she ...’’ Such letters affect the reader by reinforcing 
his noton that a woman is an appendage, her career 
second te her husband’s; her talents shine in the light 
of his. [M.L.A. Newsletter, p. 3] 
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arrangements at many academic institutions. 


The question of part-time employment is _ 
a matter of department or institutional 


policy, but the question of whether the policy 
applies equally to men and women is not. It 
is imperative that in considering whether to 
allow (or encourage) part-time appoint- 
ments, only the impact on work activities 
be considered, and not the reasons why 
people wish part-time appointments. If 
policies on part-time appointments enable an 
employer to secure an expert who will teach 
one course or do one project although en- 
gaged elsewhere in other paid employment, 
then part-time employment should also be 
available to women-—-or men—engaged in 
work ordinarily considered a nonmarket 
transaction. The person who carries a por- 
tion of a conventional full-time load should 
have assigned duties and base compensation 
(full-time equivalent) comparable to those of 
full-time appointments, and duties, salaries 
and fringe benefits shculd be prorated. Aca- 
demic departments should particularly look 
at such fringe benefits as research assistants 
and travel grants wkich tend to increase 
professional competence. 

The part-time person who teaches one 
course or does one project may be hired on a 
consulting basis for a Jat fee. In such cases 
no fringe benefits need be available if the 
fee is adjusted accordingly. Economists at 
academic institutions can encourage and 
assist nonacademic organizations to in- 
crease part-time opportunities even if de- 
partment policy has ruled against this for 
faculty positions. Credentials, skills, and 
professional creativity required of part-time 
personnel should be at least equivalent to 
the levels required of full-time employees so 
as to justify the equivalent base pay. Part- 
tirne appointments should not be a way to 
get cheap, low quality service. Nor should 
they be used as means of psuedo-compliance 
with Affirmative Actior. Plans. 


The Committee is willing to discuss any 
of the above guidelines in the context of 
particular situations oz additional sugges- 
tions of ways to improve current employ- 
ment conditions. Members of the American 
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Economic Association should report to the 
Committee on the Status of Women in the 
Economics Profession any cases that appear 
to involve sex discrimination directed against 
women economists. Members are reminded 
that the Wage and Hour Division of the 
U.S. Department of Labor as a matter of 
course receives complaints of wage or salary 
discrimination on a confidential basis, with 
the possibilities of back pay being awarded. 
Furthermore, the Equal Employment Op- 
portunity Commission acts on complaints of 
unequal advancement opportunities for women. 


III. Summary of Action Responsibilities 


To comply with the resolutions adopted 
by the American Economic Association on 
December 28, 1971, a summary of action 
responsibilities, italicized below, has been 
prepared. Their central thrust should com- 
mand virtually unanimous support: to elimi- 
nate extraneous considerations such as an 
individual’s sex from any judgment of abil- 
ity, performance, or potential. 

I. RESOLVED that the American Ecc- 

nomic Association declares that econom- 

ics is not exclusively a man’s field. The 

Association herewith adopts a positive 

program to eliminate sex discrimination 

among economists, whether employed in 
universities and colleges, industry, fi- 
nance, publishing, or other endeavors. 

The President shall make known, by all 

available means, the Association’s adop- 

tion of the following principles: 

a) To redress the present low repre- 
sentation of women in the econom- 
ics profession, the Association shall 
actively encourage the study of 
economics by women at all levels 
of education. 


ACTION RESPONSIBILITY: It ts our ob- 
ligation to affirm, in precept and action, that 
there are no genetic distinctions between the 
sexes which would preclude the study of eco- 
nomics by women on a proportionately equal 
basis with men. Since the role prejudice on the 
part of role occupants and role demanders is an 
acquired (i.e., learned) characteristic, educa- 
tional institutions, government, and private 
industry should help dispel the prevailing 
myth that the current division of labor in the 
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economics profession reflects relevant biological 
or genetic differences between the sexes. 


b) No academic institution or depart- 
ment ‘shall discriminate against 
women in admission to studies in 
economics or in the form or amount 
of financial aid. Every economics 
department shall actively encour- 
age qualified women graduate stu- 
dents without regard to age, mari- 
tal or family status, and shall ac- 
tively promote their subsequent 
employment. 


ACTION RESPONSIBILITY: With respect 


to admissions, financial aid and placement, the 
primary concern should be individual mertt, 
i.e., an objective assessment of the candidate’s 
ability, performance, and potential—irrespec- 
tive of sex, marital, or family status. With re- 
spect to recruitment and encouragement in tne 
program, academic institutions and depart- 
ments should be mindful of the need to redress 
past inequities and derelictions which have 
produced the present imbalance between the 
sexes in the economics profession. They should 
also be mindful of the positive contribution and 
enrichment of the educational process te be 
achieved through an increased ‘participation of 
women. The profession can only stand to gain 
from the benefits of pluralist diversity and the 
recrutiment of previously excluded, under- 
utilized or unutilized talent. 


c) No employer, academic or other- 
wise, may discriminate against 
qualified women. economists as 
candidates for positions, or for pro- 
motion or tenure, or for assign- 
ment of duties and responsibilities. 

d) Salaries, fringe benefits, and facil- 
ities and resources for research for 
women shall be the same as those 
for men in the same position and 
rank. . i 

e) There shall be no distinction be- 
tween men and women as to what 
is considered to constitute full- 
time employment. 

f) Employment may not be refused 
to any qualifed economist on the 
grounds of family relationship to 
another employee. 


ACTION RESPONSIBILITY: In making 
appointment, retention, promotion, and tenure 
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decisionc, as well as in matters of compensa- 
tion, fringe benefits, and prerequisites, women 
candidates shall be judged on their professional 
merit. The only relevant criteria shall be abil- 
ity, polential, and performance. Care shall be 
exercisec to avoid subtle as well as blatant, in- 
stitutional as well as personal, forms of dis- 
criminaiton, esbecially where apparently in- 
nocuous regulations or bolicies impose differ- 
ential burdens on women candidates. Institu- 
tional nepotism rules constitute the perhaps 
clearest departure from our central rule of 
judging candidates on their individual merit. 


II. RESOLVED that the American 
Economic Association establish a Com- 
mittee on the Status of Women in the 
Economics Profession, numbering at 
least eight persons to be appointed by 
the Fresident for a term of three years. 
The Association shall provide or seek 
funds for this Committee to investigate 
the extent of conformity to the princi- 
ples stated above, and shall make rec- 
ommendations for affirmative action. 
The Sommittee shall present an interim 
report at the next annual meeting. Its 
general findings, conclusions, and rec- 
ommendations shall be published by the 
Ame2-ican Economic Association upon 
the Committee’s request. When the 
Committee finds evidence of discrim- 
ination against women, it shall make 
this available for publication by the 
American Economic Association, and 
‘for tne Association to present, as amicus 
curice, in any complaint, remedial ac- 
tion, or sult. 


ACTION RESPONSIBILITY: Economists 
in educational institutions, government, and 


- the private sector shouid help disseminate the 


findings of this Committee and tts recommenda- 
tions. The Committee wishes to assist in af- 
firmatise action programs and/or positive 
efforts to overcome role prejudice, but it also 
stands ready to receive complaints of discrimi- 
nation. Rules to ensure proper procedures in 
handling such complaints are currently being 
formulted. 


III. RESOLVED that.the American 
Economic Association shall encourage 
flexibility in providing opportunities for 
education and employment on a part- 
time basis for both men and women. 
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ACTION RESPONSIBILITY: Making in- 
creasing provisions for education and employ- 
ment on a part-time basis should be viewed as a 
technique for increasing individual opportunity 
and institutional flexibility. Such arrange- 
ments should not be allowed to serve as a cloak 
for evading compliance with affirmative action 
programs or for segregacing women into under- 
paid and underprivileged professional cate- 
gortes. 
IV. RESOLVED that the American 
Economic Association appoint women 
economists as members of the editorial 
boards of its economic journals, that it 
actively encourage the appointment of 
women as program chairmen and par- 
ticipants at all future economic meet- - 
ings, and that it urge companion associa- 
tions to follow its example. 


ACTION RESPONSIBILITY: The Com- 
miitee has written to the officers of regional and 
local economic associations as well as of allied 


social science associatiors, and to the editors of. 


journals dealing with economics and economic 
affairs, urging that women economists be 
among those considered in selecting reviewers, 
referees, editorial boarc members, speakers, 
program arrangers, and so on. Those responsi- 
ble for planning programs, conferences, com- 
missioned articles or reports, and other oppor- 
tunities for demonstratinz professional achieve- 
ment must remember that when women econo- 
mists are less visible than men their competence 
or avatlability cannot be evaluated. The Com- 
mittee has provided assistance in locating 


women economisis and expects to continue to. 


do so. 
IV. Conclusion 


The recommended actions are only sym- 
bolic of needed changes in policy and atti- 
tude, if we are to correct the bizarre and 
irrational underrepresentation of women in 
the economics profession. The unemploy- 
ment and underemployment of currently 
available talent, as well as the loss of poten- 
tial talent, require positive, broad-gauged 
action to correct some structural imperfec- 
tions in the professional labor market. To 
help eliminate these imperfections, one mini- 
mum step is continuing analytical study of 
the problem and regular, detailed reports to 
the Association and its members. In most 
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instances—given the massive good will of 
our colleagues—the dissemination of infor- 
mation in liself will suffice to assure correc- 
tive action because, as Louis D. Brandeis 
once observed, ‘‘sunshine is the best disin- 
fectant and electric light the most efficient 
policeman.” In other instances, to be sure, 
additional steps will be required to eliminate 
existing market imperfections and anomalies. 
This implies a continuing obligation of the 
Association and its members to consider 
alternative mechanisms, consistent with pro- 
fessional stendards and ethics, to promote 
genuine equality of opportunity and mean- 
ingfully free access for all scholars and 
practitioners in the discipline of economics. 
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NOTES 


Members with suggestions for the meetings in San 
Francisco, December 28-30, 1974, are invited to send 
them to Rendigs Fels, ‘Secretary-Treasurer, American 
Economic Association, 1313 21st Avenue South, Nash- 
ville, Tennessee 37212. The Secretary-Treasurer will 
review the suggestions and forward them to the Pro- 
gram Chairman. Papers at sessions sponsored by the 
American Economic Association are ordinarily invited 
rather than contributed. To be considered, proposals 
for this Association must be received by the Secre- 
tary-Treasurer no later than February 1, 1974. Econ- 
omists wishing to give papers on econometrics or eco- 
nomic theory may want to submit them to the 
Econometric Society, which meets with the Associa- 
tion and annually schedules a number of contributed 
papers. 


The Executive Committee of the American Eco- 
nomic Association at its meeting on March 2, 1973 
voted to increase dues 5 percent effective January 1, 
1974, subject to reconsideration at its meeting Decem- 
ber 27, 1973. This action was taken under the provi- 
sion of the bylaws permitting the Executive Commit- 
tee to increase dues proportionate to increases in rele- 
vant costs and prices. 


American scholars scheduled to participate in inter- 
national meetings abroad may, as in the past, receive 
a travel grant from the American Council of Learned 
Societies. Under the new procedures adopted by 
ACLS effective October 1973, the applicant must ob- 
tain a standard application form from the appropriate 
society and return the completed form to the society 
by the applicable deadline: February 15 (for meetings 
scheduled June to September), June 15 (for meetings 
scheduled October to January), or October 15 (for 
meetings scheduled February to May). Applicants will 
be carefully screened by the society. ACLS instruc- 
tions state: “Awards are restricted to humanists and 
to those social scientists and legal scholars who are 
strongly oriented toward the humanities, who use hu- 
manistic methods in their research, and who will be 
participating in meetings concerned with the humanis- 
tic aspects of their disciplines.” Inquiries should be 
addressed to Rendigs Fels, Secretary~Treasurer, Amer- 
ican Economic Association, 1313 21st Avenue South, 
Nashville, Tennessee 37212. 


Calls for Student Papers 


Tke Conference on Research in Income and Wealth 
will include a student papers session in its meeting at 
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the University of Michigan, May 15, 16, and 17, 1974. 
The focus of the meeting will be the distribution of 
income and wealth, broadly defined to include job per- 
quisites znd social benefits. A maximum of three pa- 
pers by students will be selected for presentation and 
a discussant will be appointed for participation in the 
session. Any person currently werking toward a de- 
gree at any level may offer a paper for consideration. 
The papers should be unpublished, no more than 30 
pages, and not currently under consideration by a 
publisher. Interested students should send papers to 
the Conference Chairman, Dr. F. Thomas Juster, Sur- 
vey Reszarch Center, Institute for Social Research, 
University of Michigan, Ann Arbor, Michigan 48106, 
by Feb 1, 1974. 


Omicron Delta Epsilon is cosponsoring with Tax 
Analysts and Advocates a new annual essay contest 
on federal taxation named in honor of Paul H. Doug- 
las, who has gained recognition both as a leading pro- 
ponent of tax reform and as a distinguished public 
finance 2conomist. The ODE-TAA annual cortest is 
for the best undergraduate or graduate student essay 
of up to 5,000 words on any topic relevant to the 
U.S. federal tax system. The winning paper will be 
published in the Omicron Delta Epsilon journal, The 
American Economist and a cash award of $250 will 
be mad2. Two $100 awards will be made as second 
prize, Selection of winners will be made by Oct. 1, 
1974. Essays should be sent to Tax Analysts and Ad- 
vocates. 732 17th Street, Washington, D.C. 20006, by 
June 1, 1974. 


The Southern Regional Science Association (SRSA) 
announces an award program for the best study sub- 
mitzec by undergraduate or graduate students, or 
those who have completed degree requirements in the 
academic year 1973-74. The author of the best study 
on a subject within the scope of regional science will 
receive an honorarium of $100 and be invited to pre- 
sent his or her paper at the annual SRSA meeting in 
Washirgton, D.C., April 4-5, 1974, All studies must 
be no longer than 15 typewritten pages, double 
spaced three copies submitted in edited form with 
footnotes at the end of the text. The name of the 
author his or her affiliation, and the title of the study 
should be on a separate cover sheet. The first text 
page skould contain only the title and text. The cover 
page will be removed before the study is reviewed. All 
studies must be postmarked no later than Feb. 1, 1974 
and sent to the Chairman of the SRSA Competition 
Committee: James M. Stepp, Department of Agricul- 
tural Economics, Clemson University, Clemson, South 
Carolina 29631. 
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The Journal of Law anc Economics is in the pro- 
cess of collecting and cataloging the private papers of 
the late Henry C. Simons. They are seeking contribu- 
tions to their collection in the form of manuscripts 
written by Simons and recollections or biographical 
materials by his associates and students as well as in- 
formation concerning the lozation and contents of any 
other collections of Simons* papers. When completed, 
the collection will be available to scholars at the Uni- 
versity of Chicago Law Library. Please send any con- 
tributions to R. H. Coase, Journal! of Law and Eco- 
nomics, University of Chicago Law School, 1111 East 
60th Street, Chicago, Illinois 60637. 


The Office of Naval Research and the George 
Washington University, with the cooperation of the 
Air Force Office of Scientific Research and the Army 
Research Office, announce a Logistics Research Con- 
ference to be held at the George Washington Univer- 
sity, Washington, D.C., May 8-10, 1974. Contrib- 
uted papers are welcome. Abstracts and inquiries may 
be addressed to Ms. Henrie:ta Jores, Department of 
Operations Research, The George Washington Univer- 
sity, Washington, D.C. 20006. Telephone 202-+ 676- 
7504. 


The Joint Committee or Eastern Europe of the 
American Council of Learned Societies and the Social 
Science Research Council wishes to draw attention to 
three of its grant programs: grants for postdoctoral 
research to a maximum of $3500; grants for study of 
East European languages tc a maximum of $1000; 
grants ranging between $2002 and $5000 for the sup- 
port of conferences. For details of eligibility and in- 
formation which must be supplied in requesting appli- 
cation forms, write to Office of Fellowships and 
Grants, American Council of Learned Societies, 345 
East 46 Street, New York, New York 10017. 


The National Tax Association announces the 1973 
award winners in the annual competition for out- 
standing doctoral dissertations in government finance 
and taxation. The $1,500 first prize award was won 
by John H. Bowman of Ohi> State University (now 
at the Advisory Commission on Intergovernmental 
Relations), with his entry, “Cost and Benefit Spillouts 
as Factors Affecting Local Taxation for Public 
Schools.” Honorable mention awards of $500 each 
were won by A. Mitchell Pclinsky of Massachusetts 
Institute of Technology, (now at Harvard 
University), “Essays in Public Sector Economics: 
Central and Local” and Roger W. Schmenner of Yale 
University “City Taxes and Industry Location.” The 
members of the 1973 Selection Committee were Pro- 
fessors Harvey E. Brazer, Arthur D. Lynn, Oliver 
Oldman, and James A. Papke. Information on the 
1974 award competition may be obtained from Pro- 
fessor James A. Papke, Department of Economics, 
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Krannert Graduate School of Industrial Administra- 
tion, Purdue University, West Lafayette, Indiana 
47906. 


The Fourth World Congress of the International 
Economic Association will be held from August 19 
to 24, 1974 in Budapest, Hungary, on the theme “Eco- 
nomic Integration: Worldwide, Regional, Sectoral.” 
The program committee of 12 economists under the 
chairmanship of Fritz Machlup has invited 66 persons 
from 37 countries to fill places on the program. It 
provides for 17 main papers, 27 discussion papers, 10 
opening statements for the discussions in separate 
working groups, 10 reports from chairmen of the work- 
ing groups, and 7 chairmanships of plenary sessions. 
Many more, indeed several hundreds of those attending 
the Congress, will have an opportunity to participate 
in the discussicns in the working groups, which will 
meet simultaneously in 5 half-day sessions. 

The topics assigned to the working groups and their 
chairmen are: Measuring the Degree or Progress of 
Economic Integration (Eric Lundberg, Sweden); Sec- 
toral Integration: Agriculture, Transport, Energy, Se- 
lected Industries (Joszef Pajestka, Poland); Industrial 
Policy: Location, Technology, Multinational Firms, 
Competition, and Integration of Product Markets 
(Harry G. Johnson, U.K.); Migration and Integration 
of Labor Markets (Orlando d’Alauro, Italy); Interna- 
tional Capital Movements and Integration of Capital 
Markets (Herbert Giersch, Western Germany); Mone- 
tary and Fiscal Integration (Raymond Barre, France) ; 
Socio-~Political and Institutional Aspects of Integration 
(Shigeto Tsuru, Japan) ; Integration of Less Developed 
Areas and of Areas on Different Levels of Development 
(I. G. Patel, India) ; Integration by Market Forces and 
through Planning (Bela Czikos-Nagy, Hungary); 
World Trade and Intraregional Trade: Trends and 
Structural Changes (P. J. Verdoorn, Netherlands). The 
following economists from the United States will pre- 
sent main papers, discussion papers, or opening state- 
ments: Bela Balassa, Richard N. Cooper, Gottfried 
Haberler, Peter Kenen, and Marina v. N. Whitman. 
The complete program will be published in the March 
1974 issue of this Review. 

Attendance is open to all members of the American 
Economic Association and of other national associa- 
tions belonging to the J.E.A. The Hungarian arrange- 
ments committee has reserved over 2000 beds in Buda- 
pest. It is hoped that several hundred economists from 
the United States will attend. Registration fee at the 
Congress will be $50—reduced to $30 for early reserva- 
tion up to March 31, and $40 from April 1 to July 31. 
Fees for students are one-half, and fees for members of 
the family accompanying a participant are $5 each. 
Forms for registration will. be distributed through uni- 
versities, research organizations, the secretariat of the 
AEA, and by direct mail from the Hungarian Economic 
Association, 1370 Budapest, Pf. 544, Hungary. 
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The International Economic Association will hold a 
workshop on “Population and Development,” in coop- 
eration with Bosphorus University, Istanbul, from Sep- 
tember 2 to 14, 1974. The workshop will consider in- 
terrelations between economic and demographic factors 
in development. Attendance will be limited to 25 econ- 
omists with experience in development programs. They 
need not have prior specialized experience in the sub- 
ject of population. Expert discussion leaders will pro- 
vide guidance. Preference will be given to senior and 
other responsible officials of government but academic 
economists will also be considered. All proceedings will 
be in English. 

Persons wishing to be considered for invitation may 
apply by letter to the organizing committee. Please de- 
scribe your relationship to development administration 
and policy, and include a curriculum vitae. Fluency in 
English is required. Participants attending the entire 
workshop will receive transportation, maintenance, and 
a modest per diem. Write to Dr. Paul Demeny, Direc- 
tor, The Population Council, 245 Park Avenue, New 
York, New York 10017, U.S.A. Other committee mem- 
bers are Professor Emre Gonensay and Dr. Frederic C, 
Shorter. Inquiries will be accepted up to March 15, and 
invitations will be extended by April 15, 1974. 


The number of confirmed appointments through the 
National Registry for Economics, which was established 
in 1966, exceeds 1,200. Mrs. Theresa R. Scholl has been 
its manager since its inception. The National Registry 
is part of the nationwide professional placement net- 
work of the U.S. Employment Service, which is now 
celebrating its fortieth anniversary. For further details, 
see-the section below on Employment Services. 


Papers are solicited for the sixth Amos Tuck School 
Seminar on Problems of Regulation and Public Utilities, 
sponsored by the American Telephone and Telegraph 
Company, to be held in late August 1974 at Dartmouth 
College. The seminar will be attended by 30 conferees 
chosen from academic institutions throughout the 
country. It consists of 7 or 8 sessions over a 4-day 
period. The sessions provide a forum for the presenta- 
tion and discussion of new ideas and innovative work 
in analyzing regulated firms, regulatory processes, and 
problems of public welfare. 

We invite those with an interest in this area to sug- 
gest names of possible speakers or to apply themselves. 
The aim of the seminar is to introduce the research 
both of young scholars beginning their careers and of 
scholars who have only recently turned their attention 
to public utility problems. Therefore, suggestions of 
speakers must'be limited to scholars in these categories. 
Those chosen to present papers will receive support for 
research and writing, in addition to travel and living 
expenses at the seminar. Please send suggestions to the 
coordinator of the seminar before February 23, 1974. 
Include two copies of each of the following: biograph- 
ical information; samples of written work; and a pro- 

‘posal to be developed for presentation. 
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This is not a request for conferee applications, Appli- 
cation forns and further information will be mailed to 
instituticrms in March 1974. The director of the seminar 
is Professor Duncan M. Holthausen, Jr. Please direct 
all suggestions and correspondence to: Coordinator, 
Seminar on Problems of Regulation and Public Utili- 
ties, The Amos Tuck School of Business Administration, 
Dartmouth College, Hanover, New Hampshire 03755. 


Deaths 


Richard C. Bernhard, professor of economics, Uni- 
versity of Utah, June 19, 1973. 

David M. Harrison, professor emeritus, Ohio State 
University, June 17, 1973. 

John W. Leonard, professor of economics and dean 
of School of Business, Southern Ilinois University, 
Mar. 18, 1973. 

Karl Pribram, professor emeritus, Frankfurt Univer- 
sity; ecomomist, retired, U.S. government; Washington, 
D.C., Jay 14, 1973. 


Retirements 


Claude A. Campbell, professor emeritus of finance, 
Florida State University, June 1973. 

Troy J. Cauley, professor of economics, Indiana 
University, June 15, 1973. 

J. Herschel Coffee, department of economics, West 
Texas State University, Aug. 31, 1973. 

Georze E. Hunsberger, department of economics, 
College of Business Administration, University of Ar- 
kansas, _une 30, 1973. 

Janis Labsvirs, Indiana State University, professor 
of economics, June 30, 1973. 

Charles N. Lanier, professor of economics and busi- 
ness administration, University of Delaware, Sept. 
1973. 

Herman E. Michl, professor of economics and busi- 
ness administration, University of Delaware, Sept. 
1973, 

Frances Simmons, Western Kentucky University, 
June 1973. 

Philip E. Taylor, professor and former head, de- 
partmert of economics, University of Connecticut, 
Sept. 1¢73. 


Visiting Foreign Scholars 


Geoffrey P. Braae, University of Auckland: visiting 
professor, department of economics and commerce, Si- 
mon Fraser University, Sept. 1, 1973. 

Yakar Kannai, Hebrew University, Jerusalem: vis- 
iting professor, department of mathematics, Center 
for Mathematical Studies in Economics and Manage- 
ment f&cience, Northwestern University, Sept. 1973- 
Jure 1974, 

Edi Karni, Tel Aviv University: visiting assistant 
professor, Ohio State University, summer quarter 
1973. 
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John R. Moroney, Tulane University : visiting pro- 
fessor, department of economics and commerce, Si- 
mon Fraser University, Mey 1, 1974. 

Aba Schwartz, Tel Aviv University: visiting associ- 
ate professor, Ohio State University, autumn quarter 
1973. 

Turgut ‘Var, University of Kansas: visiting associate 
professor, department of eccnomics and commerce, Si- 
mon Fraser University, Sept. 1, 1973. 


Promotions 


Robert F. Adams: professor of economics, Univer- 
sity of California, Santa Cruz, July 1, 1973. 

Theodore E. Allison: assistant secretary, Office of 
the Secretary, Board of Governors of the Federal Re- 
serve System, June 10, 1973. 

B. Wylie Anderson: associate professor of econom- 
ics, University of Northern Iowa, Sept. 1973. 

Ahmed N. A. Azim: assoc:ate professor, faculty of 
business, University of Calgary, July 1, 1973. 

Forrest C. Blodgett: associate professor of econom- 
ics, Linfield College. 

Edward G. Boehne: senior vice president, Federal 
Reserve Bank of Philadelphia, Mar. 1, 1973. 

James M. Boughton: associate professor of econom- 
ics, Indiana University, July 1. 1973. 

Paul L, Burgess: associate professor, Bureau of 
Business and Economic Reseacch, Arizona State Uni- 
versity, Sept. 1973. 

Kenneth T. Cann: professor, department of eco- 
nomics, Western Kentucky University, Aug. 1973. 

Charles Cathcart: assistant professor of economics, 
Pennsylvania State University, July 1, 1973. 

Venkareddy Chennareddy: senior economist, Eco- 
nomic Research and Planning, Southern Research [n- 
stitute. 

Whewon Cho: professor of economics, Tennessee 
Technological University, 

Ronald W. Chorba: associate professor, faculty of 
business, University of Calgary, July 1, 1973. 

Caroline Clotfelter: assistant professor of econom- 
ics, Mercer University, Sept. 1975. 

Richard G. Davis: vice president, Research and 
Statistics Function, Federal Reserve Bank of New 
York. 

Donn A. Derr: associate professor, Rutgers Univer- 
sity, July 1, 1973. 

Barry L. Duman: associate professor of economics, 
West Texas State University, Sept. 1, 1973. 

Irwin Feller: professor of economics, Pennsylvania 
State University, July 1, 1973. 

Ismail A. Ghazalah: associate professor, department 
of economics, Ohio University, Sept. 1, 1973. 

W. Lee Hoskins: vice president-research, Federal 
Reserve Bank of Philadelphia, Mar. 1, 1973. 

Katherine Hsiao: professor of economics, Indiana 
State University, Aug. 23, 1973. 

David N. Hyman: associate prafessor of economics, 
North Carolina State University, July 1, 1973. 

John E. Ikerd: extension associcte professor of eco- 
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nomics, North Carolina State University, J uly 1, 
1973, 

Ira P, Kaminow: economic adviser, Federal Re- 
serve Bank of Philadelphia, Mar. 1, 1973. 

Jerry L. Kingston: associate professor, Bureau of 
Business and Economic Research, Arizona State Uni- 
versity, Sept. 1973. 

Michael A. Klein: associate professor of economics, 
Indiana University, July 1, 1973. 

V. N. Krishnan: associate professor, department of 
economics, Bowling Green State University, Sept. 1, 
1973. 

Robert J. Lawrence: associate adviser, Division of 
Research and Statistics, Board of Governors of the 
Federal Reserve System, June 10, 1973. 

Robert L. Lawson: professor of economics, Ball 
State University, Sept. 1973. 

Wayne A. Long: associate professor, faculty of 
business, University of Calgary, July 1, 1973. 

James B. McDonald: associate professor of eco- 
nomics, Brigham Young University, Sept. 1973. 

Charles E. McLure, Jr.: professor in economics and 
finance, Rice University, July 1973. 

Paul Meek: monetary adviser, Open Market Opera- 
tions and Treasury Issues Function, Federal Reserve 
Bank of New York. 

Jacob B. Michaelsen: professor of economics, Uni- 
versity of California, Santa Cruz, July 1, 1973. 

Donald J. Mullineaux: senior economist, Federal 
Reserve Bank of Philadelphia, Mar. 1, 1973, 

John A. Naylor: associate professor, department of 
economics, College of Wooster, Sept. 1, 1973. 

Jon P. Nelson: associate professor. of economics, 
Pennsylvania State University, July 1, 1973. 

E. C. Pasour, Jr.: professor of economics, North 
Carolina State University, July 1, 1973. 

Nicholas S. Perna: chief, Business Conditions Divi- 
sion, Federal Reserve Bank of New York. 

A. Marshall Puckett: vice president, Accounting 
Control Function, Federal Reserve Bank of New 
York. 

John H. Riew: professor of economics, Pennsylva- 
nia State University, July 1, 1973. 

Richard L. Ruth: professor of economics, North- 
eastern Hlinois University, July 1, 1973. 

Gerald W. Sazama: associate professor of econom- 
ics, University of Connecticut, Oct. 1973. 

Vishwa S. Shukla: associate professor, department 
of economics, Ohio University, Sept. 1, 1973, 

_ Nancy D. Sidhu: associate professor of economics, 
Northeastern Illinois University, Sept. 1973. 

James D. Smith: professor of economics, Pennsyl- 
vania State University, July 1, 1973. 

Ronald Soligo: professor of economics, Rice Uni- 
versity, July 1973. 

W. E. Spellman: associate professor af economics, 
Coe College, Sept. 1, 1973. 

Gary H. Stern: manager, domestic research depart- 
ment, Federal Reserve Bank of New York. 

Edmund G. Sugars: professor, faculty of business, 
University of Calgary, July 1, 1973. 
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Rudoli Thunberg: assistant vice president, Research 
and Statistics Function, Federal Reserve Bank of New 
York. 

George M. von Furstenberg: professor of econom- 
ics, Indiana University, July 1, 1973. ` 

Howard M. Wachtel: associate professor, depart- 
ment of economics, American University, Sept. 1, 
1973. 

Ronaid D. Watson: senior economist, Federal Re- 
serve Bank of Philadelphia, Mar. 1, 1973. 

William W. Wiles: assistant director, Division of 
Supervision and Regulation, Board of Governors of 
the Federal Reserve System, June 10, 1973. 

James E. Zinser: associate professor of econom- 
ics, Oberlin College. 


Administrative Appointments 


B. Wylie Anderson: head, department of economics, 
University of Northern Iowa, Sept. 1973. 

Earl Baggerly: dean, Night School, Mercer Univer- 
sity, July 1973. 

Peter S. Barth, U.S. Department of Labor: head, 
departmer:t of economics, Umversity of Connecticut, 
Sept. 1, 1973, 

Raymond R. Beneke: chairman, department of eco- 
nomics, lowa State University, Apr. 16, 1973. 

Eric Brucker: chairman, department of economics, 
University of Delaware, Sept. 1973. 

Sherrill Cleland, Kalamazoo College: president, 
Marietta College and professor of economics, July 1, 
1973. 

Robert F. Cook: chairman, department of econom- 
ics, Indiana State University, Aug. 23, 1973. 

Ervin J. Doak: chairman, department of econom- 
ics, Saint Mary’s University, Halifax, July 1, 1973. 

Barry L. Duman: head, department of economics, 
West Texas State University, Sept. 1, 1973. 

Jobn W. Hannaford: associate dean, College of 
Business, Ball State University, Sept. 1972. 

Rober: T. Holland: co-chairman, Graduate Divi- 
sion, and co-chairman, Division of Business Adminis- 
tration, Woodbury College, May 1972. 

Robert R. Jost: chairman, department of econom- 
ics, Ball State University, Sept. 1972. 

James A. Kane, University of Massachusetts: assis- 
tant secretary of Manpower Affairs, Commonwealth 
of Massachusetts, May 1973. 

Richard D. Karfunkle, Laird, Bissell & Meeds, 
Inc.: vice president and chief economist, Abraham & 
Co., Inc., Delaware. A 

Hirschel Kasper: chairman, department of econom- 
ics, Oberlin College. 

Pauline W. Kopecky: director, University Affirma- 
tive Action Program, Oklahoma State University, 
Aug. 15, 1973. 

Jacob B. Michaelsen: chairman, Board of Studies 
in Economics, University of California, Santa Cruz, 
July 1973. 

Edward H. Murphy: assistant to the dean, faculty 
of Business, University of Calgary, 1973-74. 


DECEMBER 1973 


John, C. Narver: chairman, department of market- 
ing, transdortation, and international business, Uni- 
versity of Washington, Sept. 1974. 

Leo J. Navin: chairman, department of economics, 
Bowling Green State University, Sept. 1973. 

Stepher G, Peiichinis: dean, faculty of business, 
Universit» of Calgary, Apr. 1, 1973. 

Richard L. Ruth, Saint Mary’s University, Halifax: 
chairman department of economics, Northeastern Ili- 
nois University, July 1, 1972. 

James Satterfield: director of Admissions, Mercer 
University, spring 1973. 

A. Ross Shepherd, assistant provost, University of 
Missouri-Kansas City, June 1, 1973. 

David J. Smyth: chairmen, department of econom- 
ics, Claremont Graduate School, July 1, 1973. 

Gary >. Tavlor, National Water Commission: as- 
sistant d2puty administrator, Economic Research Ser- 
vice, USDA, July 1973. 

Walter J. Wadycki: assistant vice chancellor for ac- 
ademic <ffairs, University of Illinois at Chicago Circle, 
Aug. 16, 1973. 

Frank E. Wagner: chairman, department of eco- 
nomics, University of Missouri-Kansas City, June 1, 
1973. 

Jeme: H. Weaver: chairman, department of eco- 
nomics, American University, Sept. 1, 1973. 

Etmus R. Wicker: chairman, department of eco- 
nomics, Indiana University, July 1, 1973. 

Robert Willard: chairman, Division of Business and 
Economics, Mercer University, July 1973. 


New Appointments 


Fred J. Abraham: assistant professor of eccnomics, 
University of Northern Iowa, Sept. 1973. 

Adetayo Akerele: lecturer, department of econom- 
ics, Rutgers-The State University, July 1973. 

Robert J. Anderson: associate professor of econom- 
ics, director, Center for Study of Environmertal Pol- 
icy, Pennsylvania State University, July 1, 1973. 

V. Balachandran, Carnegie-Mellon University: as- 
sociate professor of decision sciences, department of 
managerial economics and decision sciences, North- 
wesiern University, Sept. 1973. 

M. Alan Baughcum: instructor of economics, North 
Cerolina State University, Aug. 1973. 

Ttavid C. Beek: economist, Balance of Payments 
Division, Federal Reserve Bank of New York. 

Thomas E. Borcherding, Virginia Polytechnic Insti- 
tute and State University: associate professor, depart- 
ment of economics and commerce, Simon Fraser Uni- 
versity, Sept. 1, 1973. 

Leizh B. Boske, Stockton State College: senior 
ecorcmist, Wisconsin Department of Transportation, 
Mav 1973. 

Wiliam W. Brooks: instructor of economics, North 
Carolina State University, Aug. 1973. 

Leonard R. Burgess: visiting professor of manage- 
ment, Temple University, Sept. 1973. 

Rickard Butler, Massachusetts Institute oi Technol- 
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ogy: assistant professor of economics, Rice Univer- , 


sity, July 1, 1973. 

C. Stuart Callison, Cornell University: assistant 
professor of economics, Ohio University, Sept. 1, 1973. 

Geoffrey Carliner, University of Wisconsin, Madi- 
son: assistant professor, department of economics, 
Oberlin College, Sept. 1973. 

Pao Lun Cheng, University of Massachusetts: pro- 
fessor, department of economics and commerce, Si- 
mon Fraser University, Jan. 1, 1974. 

Peter K. Clark: visiting research fellow, National 
Bureau of Economic Research, 1973-74. 

Benjamin I. Cohen: research associate, National 
Bureau of Economic Research, July 1, 1973. 

A. Edward Day: assistant professor of economics, 
University of Nebraska-Lincoln, Sept. 1973. 

Paul DeRosa: economist, Money and Finance Divi- 
sion, Federal Reserve Bank of New York. 

James E. Easley, Jr.: instructor of economics, 
North Carolina State University, Sept. 1973. 

Michael G. Ellis: assistant professor, department of 
economics, New Mexico State University, Aug. 1973. 

Thomas J. Espenshade, Bowdoin College: assistant 
professor of economics and research associate of Pop- 
ulation and Manpower Research Center, Florida State 
University, Sept. 1973. 

Mary L. Eysenbach, University of Washington: as- 
sistant professor of economics, University of Utah. . 


Douglas Fisher: visiting professor of economics, - 


Claremont Graduate School, Sept. 1973. 

David T. Geithman: associate professor of eco- 
nomics, Russell Sage College, Sept. 1, 1973. 

Philip M. Ginsberg: assistant professor, department 
of economics, Rutgers-The State University, July 
1973. 

Gerald Glyde: assistant professor of economics, 
Pennsylvania State University, Sept. 1, 1973. 

Clive W. J. Granger, University of Nottingham, 
England: professor of economics, University of Cali- 
fornia, San Diego, July 1, 1973. 

Michael J. Greenwood: associate professor, Bureau 


of Business and Economic Research, Arizona State 


University, June 1973. 

Theodore Groves, University of Wisconsin: associ- 
ate professor of managerial economics, department of 
managerial economics and decision sciences, North- 
western University, Sept. 1973. 

Daniel S. Hamermesh, Princeton University : associ- 
ate professor, department of economics, Michigan 
Stata University, Sept. 1973. 

Stephen K. Happel: instructor of economics, North 
Carolina State University, Aug. 1973. 

Kurt Hausafus, University of Illinois, Chicago Cir- 
cle: assistant professor, department of economics, Ob- 
erlin College, Sept. 1973. 

Dennis R. Heffley: assistant professor of economics, 
~ University of Connecticut, Sept. 1, 1973. 

Anthony F. Herbst: associate professor, faculty of 
business, University of Calgary, July 1, 1973. 


Dana C. Hewins, University of Ilinois: assistant - 


professor of economics, Ohio University, Sept. 1, 1973. 
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Mary C. Hilliard: instructor of economics, North 
Carolina State University, Aug. 1973. 

Mary T. Ho'comb: instructor of economics, North 
Carolina State University, Aug. 1973. 

L. Dwight Israelsen, Massachusetts Institute of 
Technology: assistant professor of economics, Brig- 
ham Young University, Sept. 1973. 

Suresh Jain, Yale University: assistant professor of 
decision sciences, department of managerial economics 
and decision sciences, Northwestern University, Sept. 
1973. . 

William G. Johnson, Rutgers University: assistant 
professor of economics, Syracuse University, Sept. 1, 
1973. 

Sergei Kasakow: visiting assistant professor, Bu- 
reau of Business and Economic Research, Arizona 
State University, Sept. 1973. 

Donald W. Katzner, University of Waterloo: lec- 
turer in economics, University of California, San Di- 
ego, July 1, 1973. . 

Herbert M. Kaufman: assistant professor, Bureau 
of Business and Economic Research, Arizona State 
University, Sept. 1973. 

Christopher King: instructor of economics, Univer- 
sity of Utah. 

Jack ‘L. Knetsch: professor, department of econom- 
ics and commerce, Simon Fraser University, May 1, 
1974. 

Conway L. Lackman: assistant professor, depart- 
ment of economics, Rutgers-The State University, 
July 1973. 

John Landon, Case-Western University: associate 
professor of economics, University of Delaware, Sept. 
1973. 

Stephen B. Levinson: instructor, department of 
economics, Rutgers-The State University, July 1973. 

Kenneth Lewis, Boston College: associate professor 
of economics, University of Delaware, Sept. 1973. 

Stephen E. Lile: associate professor of economics, 
Western Kentucky University, Aug. 1973. 

Cliff Lloyd, University of Iowa: professor, depart- 
ment of economics and commerce, Simon Fraser Uni- 
versity, Sept. 1, 2973. 

Donald C. ‘MacCharles: department of economics, 
McMaster University, July 1973. 

William A. McEachern: assistant professor of eco- 
nomics, University of Connecticut, Sept. 1, 1973. 

James A. McMahon, I.C.A.0., Montreal: industry 
economist, Board of International Affairs, Civil Aero- 
nautics Board, Sept. 1973. 

J. C. McManus, Carleton University: associate pro- 
fessor, department of economics, McMaster Univer- 
sity, 1973-74, 

W. Edward McMullan: assistant professor, faculty 
of business, University of Calgary, July 1, 1973. 

Sherman J. Maisel: senior research staff, National 
Bureau of Economic Research, June 1, 1973. 

Vincent J. Malanga, Fordham University: econo- 
mist, Federal Reserve Bank of New York, Sept. 1, 
1973. 

John P, Matila, Ohio State University: assistant 
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professor of economics, Iowa State University, Sept. 
1, 1973, 


Eileen Mauskopf: lecturer, department of econom- 


ics, Rutgers-The State University, July 1973. 

Robert H. Miles: instructor of economics, North 
Carolina State University, Aug. 1973. 

Paul A. Montavon: economic advisor, U.S. Perma- 
nent Mission to the Organization of American States, 
July 23, 1973. 

Francis Mulvey: assistant professor, department of 
economics, Bowling Green State University, Sept. 
1973. 

Dick K. Nanto, Harvard University: assistant pro- 
fessor of economics, Brigham Young University, Sept. 
1973. 

Philip Nelson: research associate, National Bureau of 
Economic Research, July 1, 1973. 

Norman P. Obst, University of Washington: assis- 
tant professor, department of economics, Michigan 
State University, Sept. 1973. 

Robert T. Owen: assistant professor, faculty of 
business, University of Calgary, July 1, 1973. 

Avinoam Perry, Indiana University: assistant pro- 
fessor of decision sciences, department of managerial 
economics and decision sciences, Northwestern Uni- 
versity, aj une 1973. 

James R. Prescott, Temple Uven professor of 
economics, Iowa State University, Sept. 1, 1973. 

David Puryear, Princeton University: assistant pro- 
fessor of economics, Syracuse University, Sept. 1, 
1973. 

Donald Ratajczak, University of California, Los 
Angeles: associate professor of economics and direc- 
tor, Georgia State University Economic Forecasting 
Project, Georgia State University, July 1, 1973. 

Roger Riefler: associate professor of economics, 
University of Nebraska-Lincoln, Sept. 1973. 

R. Lynn Rittenoure, University of Texas-Austin: 
assistant professor of economics and operations re- 
search, Navy Management Systems Center, Naval 
Postgraduate School, Sept. 1, 1973. 

Roy Rotheim: assistant professor, department of 
economics, Bowling Green State University, Sept. 
1973. 

R. Robert Russell, University of California, Santa 
Barbara: associate professor of economics, University 
of California, San Diego, 1972-73. 

Daniel H. Saks: visiting research fellow, National 
‘Bureau of Economic Research, 1973-74. 

Bertram Schoner, University of Iowa: professor, 
department of economics and commerce, Simon Fra- 
ser University, May 1, 1973. 

Robert A. Schultz: associate professor, faculty of 
business, University of Calgary, July 1, 1973. 

Suresh P. Sethi, Rice University: visiting assistant 
professor, faculty of management studies, University 
of Toronto, July 1973. 

Berndt A. Sigloch: instructor, department of eco- 
nomics and commerce, Simon Graser University, Sept. 
1, 1973. 

Irwin H. Silberman, New York University: associ- 
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ate prefessor, Queens College, City University of New 
York, 1973-74. 

Ron Stanfield: assistant research environmental 
economis., Center for Marine Affairs, Scripps Institu- 
tion af Oceanography, Aug. 1, 1973. 

Wayne Stevenson, Middlebury College: assistant 
professor of economics, University of Utah. 

Edward Stohr, University of California, Berkeley : 
assistant professor of decision sciences, department of 
managerial economics and decision sciences, North- 
western University, Sept. 1973. 

Arie Tamir, Case-Western Reserve University: vis- 
iting assBtant professor of decision sciences, depart- 
ment of managerial and decision sciences, Northwest- 
ern University, Sept. 1973. 

Marie C. Thursby: visiting assistant professor of 
economics, North Carolina Staite University, Aug. 
1973. 

William P. Travis: professor of economics, Indiana 
University, Jan. 1974. 

William H. Wallace: professor of economics and as- 
sistant d2partment head for management, North Car- 
olina State University, July 1973. 

Yoram. Weiss: research associate, National Bureau 
of Ecencmic Research, Sept. 1, 1973. 

J. ©. Welland: department of economics, Mc- 
Master Jniversity, Jan. 1, 1974. 

Roy E. Welsch: senior research associate, National 
Burea'ı of Economic Research, Computer Research 
Center, une 1, 1973. 

John Wenninger: economist, Market Statistics Di- 
vision, Federal Reserve Bank of New York. 

‘Michael R, Wickens: adjunct associate professor, 
departm2rt of economics, Rutgers-The State Univer- 
sity, July 1973. 

W. Philip Windham : edal lecturer of economics, 
North Carolina State University, Aug. 1973. 

Christine Wollan : economist, European department, 
International Monetary Fund, May 1973. 

Jeng Keun You: lecturer, department of economies, 
Rutgers-The State University, July 1973. 


Leaves for Special Appointments 


Ghassan M, Arnaoot, West Texas State University: 

Internaticnal Monetary Fund, Aug. 1, 1973. 
: Robart E. Berney, Washington State University: 
senior ecademic resident in public finance, Advisory 
Commision on Intergovernmental Relations, Aug. 
1973, 

Bernerd H. Booms, Pennsylvania State University: 
econarst in residence, City Managers Office, Ta- 
coma, Washingten, July 1973~Aug. 1974. 

James M. Boughton, Indiana University: adminis- 
trator, Monetary Division, economics and statistics 
department, Organization for Economic Cooperation 
and Development, Sept. 1973. 

Dariel W. Bromley, University of Wisconsin, Madi- 
son: economist, Office of the Secretary, U.S. Depart- 
ment of the Interior, Washington, D.C., Sept. 
1973-A.g. 1974. 


VOL. 63 NO. 5 


‘Leland S. Case, Brigham Young University: senior 
research economist, Association of American Railroads, 
Sept. 1973. 

Edwin G. Charle, Ohio University: Fulbright Fel- 
low, Cuttington College, Monrovia, Liberia, July 1, 
1973. ; 

Charles R. Chittle, Bowling Green State 
University: Institute for World Economics, Kiel Uni- 
versity, Germany, June 1972-Aug. 1974. 

Steven R. Cox, Arizona State University: Federal 
Trade Commission, July 1973. 

Thomas F. Dernburg, Oberlin College: fiscal econo- 
mist, International Monetary Fund, Feb. 1, 1973. 

William G. Dewald, Ohio State University: special 
assistant for economic analysis and research, Interna- 
tional Labor Bureau, U.S. Department of Labor, 
Washington, D.C., winter and spring quarters 1974, 

Marvin R. Jackson, Arizona State University: Se- 
nior Fulbright-Hayes Program, Romania. 

Roland H. Koller TI, Brigham Young University: 
economist, Federal Trade Commission, July 1973. 

Arlyn J. Larson, Arizona State University: State of 
Arizona, 1973-74. 

Ben N. Matta, New Mexico State University: U.S. 
Department of Housing ard Urban Development, 
Fort Worth, Texas, summer 1973. 

Charles W. Meyer, Iowa State University: Long 
Range Research Branch, Social Security Administra- 
tion, Washington, D.C., Sept 1, 1973-Aug. 31, 1974. 

John C. Narver, University of Washington: visiting 
professor, Norwegian College of Economics and Busi- 
ness Administration, Sept—Dec. 1973. - 

James R. Ostas, Bowling Green State University: 
Federal Reserve Bank of Boston, June 1973-Aug. 
1975. . 

Refugio I. Rochin, University of California, Davis: 
program assistant for rural development, The Ford 
Foundation, Bogota, Colombia, July 1, 1973-Sept. 
1975. 

Richard L. Schmalensee, University of California, 
San Diego: visiting assistant professor, Institute of 
Economics, Université Cathalique de Louvain, Bel- 
gium, 1973-74. | 

David Segal, Oberlin College: visiting scholar, Re- 
sources for the Future, 1973—74. 

S. W. Son, Slippery Rock State College: senior staff 
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economist, Council of Economic Advisers, Washing- 
ton, D.C. July 1973. 

Dennis R. Starleaf, Iowa State University: visiting 
professor, economic section, Board of Governors ‘of 
the Federal Reserve System, Washington, D.C., Sept. 
1, 1973~Aug. 31,.1974. 

Daniel B. Suits, University of California, Santa 
Cruz: visiting professor of economics, University of 
Hawaii, 1973-74. 

P.A.V.B. Swamy, Ohio State University: consult- 
ant, Board of Governors of the Federal Reserve Sys- 
tem, Washington, D.C., autumn quarter 1973. 

George M. von Furstenberg, Indiana University: 
senior economist, Council of Economic Advisers, 
Washington, D.C., Sept. 1973. 

Percy D. Warner III, University of Connecticut: 
Fulbright Fellow, Brazil, Sept. 1, 1973-July 31, 1974. 

John C. Weicher, Ohio State University: U.S. De- 
partment of Housing and Urban Development, Wash- 
ington, D.C. 


Resignations 


Terrell D. Blodgett, Southwest Texas State Univer- 
sity, June 1973. 
Eliyahu Borukhov, Ohio State University: Tel 
Aviv University, Sept. 1973. 
J. Hayden Boyd, Ohio State University: Economics 
Division of Motor Vehicle Manufacturers Association, 
Sept. 1973. 
Thomas F. Cargill, Purdue University: University 
of Nevada-Reno, Aug. 1973. 
Richard J. Cebula, Ohio University: Emory Uni- 
versity, June 30, 1973. 
Ibrahim Eris, Rice University: University of São 
Paulo, July 1973. 
Dieter Nowak, University of Calgary, June 30, 
1973. 
Philip D. Olson, University of Calgary, June 30, 
1973. 
David L. Paden, IU International Corporation: K. 
W. Tunnell Company, Inc., Aug. 1, 1973. 
Charles E. Seagrave, Rice University: HEW. 
Washington, D.C., Dec. 1972. 
Theodore L. Vaugh, Marietta College: Murray 
Fabrics, Inc, Kentucky, May 1, 1973. 


NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 
When sending information to the Review for inclusion in the Notes Section, please use the following style: 


A. Please use the following categories: 


1—Deaths 

2—Retirements 

3—Foreign Scholars (visiting the USA or Canada) 
4—Promotions 

5—Administrative Appointments 


6-—-New Appointments 

7-—Leaves for Special Appointments (NOT Sabbaticals) 
8—Resignations 

9-—Miscellaneous 


B. Please give the name of the individual (SMITH, John W.), his present place of employment or enrollment: 
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_his new title Gf any), his next place of employment (if known or if changed), and the date at which the change 
will occur. 

C. Type each item on a separate 3x5 card, and please do not send public relations releases. 


D. The closing dates for each issue are as follows: March, Novernber 1; June, February 1; September, May 1; 
December, August 1. 


This announcement supersedes and replaces a letter which was sent annuzlly from the managing editor’s office. 
All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown 
University, Providence, Rhode Island 02912. 


SEVENTIETH LIST OF DOCTORAL DISSERTATIONS IN POLITICAL 
ECONOMY IN AMERICAN UNIVERSITIES AND COLLEGES 


The present list specifies doctoral degrees conferred during the academic year terminating June 1973. Abstracts 


of many of the dissertations are supplied. 


General Economics; including Economic 
Theory, History of Thought, Method- 
ology, Economic History, and 
Economic Systems 


EILEEN APPLEBAUM, Ph.D. Pennsylvania 1972. To- 
ward a nonmarginalist approach to price formation 
and income distribution. 


EuizaBeETH E. Bartey, Ph.D. Princeton 1972. Eco- 
nomic theory of regulatory constraint. 

Part I presents a general framework that can ac- 
commodate many interesting models of regulatory 
constraint. Part II treats the most important interpre- 
tation of the general structure, namely, the Averch- 
Johnson model of rate-of-return regulation. Some 
ways of altering the model to include issues such as 
regulatory lag, peak-load pricing, and a rising cost of 
capital are also discussed. Wherever possible, the 
properties of the regulatory models are described both 
graphically and mathematically. 


Rocer L. Becx, Ph.D. Chicago 1972. Patents, prop- 
erty rights, and social welfare: Search for a re- 
stricted optimum. 

Several models are used to analyze the effect of 
structural features of the patent system on the sys- 
tem’s objective: maximization of social profit on in- 
novations. One implication is selected for testing— 
that social profit will be the most severely reduced by 
patenting of substitutes where profits on innovation 
are greatest. Data covering a period of several years 
in three industries are consistent with the hypothesis. 


ALAN R. BECKENSTEIN, Ph.D. Michigan 1972. An 
optimization approach for evaluating multiplant 
scale economies. 


Rosin W. Boapway, Ph.D. Queen’s 1973. Some as- 
pects of the theory of externalities. 


Joun P. Bontn, Ph.D. Rochester 1973. Target speci- 
fication, managerial rewards, and the socialist firm. 
Optimal policies for a socialist firm are investigated 

in both static and dynamic models by considering the 

effects of various target and managerial reward speci- 
fications on quantity decisions. When targets are mis- 
specified, the information generated from observing 
the firm’s behavior is discussed. Misspecification in- 
volves targets which do not satisfy the firm’s produc- 
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tion function or input targets which are not cost min- 
imizing for given factor prices. Finally, a preliminary 
investigation into intertemporal target variation is un- 
dertaken, 


Marcet Boyer, Ph.D. Carnegie-Mellon 1973. Essays 
in optimal growth theory: A dynamic programming 
approach. 


James B. Braprierp, Ph.D. Rochester 1973. A dy- 
namic programming model of the stock market spe- 
cialist. 

Our specialist makes a market by announcing prices 
periodically throughout the trading day. He guaran- 
tees these prices by trading for his own account. His 
overnight inventory positions incur holding costs. The 
specialist maximizes the discounted expected value of 
his own net trading profits over a finite horizon of 
trading days. The optimal announced price depends 
on the time of day, the level of his inventory, and his 
exclusive knowledge of the “book” of limited-price 
orders. 


Dennis Nar-Wet CHao, Ph.D. California (Santa 
Barbara) 1972. Consumer behavior, activity chains 
and socioeconomic model of family formation. 


Grorce Saw-Ho Caune, Ph.D. Southern California 
1973. Differential game theory approach to model- 
ing dynamic imperfect market processes. 


Nina W. Cornext, Ph.D. Illinois (Urbana) 1972. 
The role of the nobility in agricultural change in 
Russia during the reign of Catherine IT. 


James F. Croox, Ph.D. Virginia Polytechnic Institute 
1973. Separate vs. concurrent decision procedures 
for public goods provision under majority rule. 
This study attempts to develop a theoretical ration- 

ale for the choice between separate and concurrent 
decision procedures by voting groups. Concurrent pro- 
cedures involve simultaneous decisions on the outputs 
of many public goods while separate procedures deter- 
mine outputs of public goods singly or in large sub- 
sets. General purpose legislatures are examples of the 
former and referenda or special purpose legislative 
boards are examples of the latter. 


Davin Dayan, Ph.D. Princeton 1973. Vertical intergra- 
tion and monopoly regulation, 

_ This thesis deals with the motivation of the regu- 

lated firm to exercise vertical control, the effect of 
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vertical control on the firm’s behavior, and, con- 
versely, the impact of various regulatory policies on 
the behavior of the vertically integrated firm. Several 
models of the single stage and multistage firm under 
constraints are developed and analyzed using non-lin- 
ear optimization techniques. The models are compared 
and assessed in terms of their implications for eco- 
nomic theory, practice, and public policy. 


FLoyp R. Dur, Ph.D. Cornell 1973. The institutional 
possibilities and limitations of economic progress in 
antebellum Georgia: A social systems approach. 


RicHarp C. Evwarps, Ph.D, Harvard 1972. Alien- 
ation and inequality: Capitalist relations of produc- 
tion in bureaucratic enterprises. 

This thesis investigates the internal structure of 
modern enterprises. Contradictions growing out of 
earlier systems of power have led capitalists to at- 
tempt to maintain control by embedding power rela- 
tions in the organizational or technical structure of 
work. An empirical analysis based on data for 455 
workers shows that the firm’s incentives are signifi- 
cantly geared to control, and that firms highly reward 
control-related “noncognitive’ worker characteristics. 
A final analysis (V=217) shows that similar noncog- 
nitive traits are importantly related to success in high 
school. 


Joun F. Farrer, Ph.D. Wisconsin (Madison) 1973. 
Aspects of central banking in Poland, 1950-1970. 


ANN N. P. FisHer, Ph.D. Connecticut 1973. Durable 
goods and consumer choice. 

Demand decisions for ordinary continuously divisit- 
ble commodities and durables are studied, where dis- 
crete durables may be purchased on installment plans. 
Via a two-stage process, the consumer is hypothesized 
to rank all affordable bundles of (dated) durables 
(with their payment plans), each matched with its 
optimal bundle of divisible goods. The effect on de- 
mand for ordinary goods resulting from price, income, 
or payment plan changes can be predicted only if the 
chosen durable bundle remains the same. 


ArTHUR D. Fraas, Ph.D. California (Berkeley) 1972. 
The impact of the policies of the second bank of 
the United Slates on the economy of the Ohio Val- 
ley : 1814-1829. 


Lewis FrREBERG, JR, Ph.D. Kentucky 1972. Political 
coalitions and the allocation of resources. 

This dissertation builds an axiomatic model of di- 
rect democracy to examine the efficiency of the politi- 
cal allocation of resources. Pareto optimality, opera- 
tionalized through Scitovsky’s double compensation 
criteria, is used to examine the welfare effects of ap- 
pending a bribery process to the model. Several theo- 
rems are then derived concerning the type, direction, 
size, and welfare effects of resulting bribes. With these 
theorems, one can predict the outcome and Pareto op- 
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timalitz of the resulting political allocation of re- 
sources. 


Gerart 3D. Gaupbet, Ph.D. Pennsylvania 1972. Imper- 
fections in the market for capital goods: Their 
effec:s on optimal firm size and on the relative effi- 
ciency of monetary and fiscal policy. 


Davo E. R. Gay, Ph.D. Texas A&M 1973. Capital and 
the sroduction process: A critical evaluation of the 
Bohn-Bawerk—Clark debate and its relation to 
current capital theory. 


Donarp W. GREEN, Ph.D. California (Berkeley) 
1972. Industrialization and the engineering ascen- 
dancy: A comparative study of American and Rus- 
sian elites, 1870-1920. 


Surtnocr S. Guyrar, Ph.D. Georgetown 1973, Popu- 
laticn growth and issues in Indian economic his- 
tory, 1851-1901. 

The study provides a complete series on India’s 
populet.on, by provinces and states, and laber force 
estimates for the decades between 1851 and 1901. The 
analysis of the data questions the widely held conten- 
tion tact India experienced a rapid increase in popula- 
tion prior to 1872. The treatment of the period 1872 
to 1921 as homogeneous with respect to population 
growtn is questioned. The labor force estimates repre- 
sent a marked departure from previous analysis of the 
censu: Jata on cccupational distribution. 


Douczzs R. Have, Ph.D. Kansas 1972. Imperfect 
competition and general equilibrium. 

Ths dissertation is concerned with establishing the 
existence of equilibrium for monopolistically competi- 
tive economies. Following Negishi, each monopolistic 
competitor is viewed as maximizing his profit relative 
to a >erceived demand. The assumptions applying to 
individuals, competitive rms, and the resource en- 
downmeent are explained. Sufficient conditions for the 
existence of equilibrium will further allow for nonin- 
creasing, parametric external, and some cases of inter- 
nal increasing returns to scale. 


Tosminiko HavasHi, Ph.D. Stanford 1973. Theory of 
transaction and monetary equilibrium. 

Birlding on a microeconomic analysis of the choice 
of opt mal transactions as a relevant economic prob- 
lem, kis dissertation develops two general equilibrium 
medels of monetary transaction economy. The main 
conckision of the study is that it is the desirability of 
transactions as reflected in the non-Pareto efficiency 
of tie initial allocation of commodities or in the 
“streng desirability” of transactions that guarantees a 
posite exchange value for fiat money in equilibrium. 


Tuo {as K. Hetmstrom, Ph.D. Oklahoma State 1973, 
A theoretical analysis of Keynesian labor market 
astumptions and the macroeconomic adjustment 
process. 

Keynes’ labor market assumptions imply a positive 
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rather than a negative relationship between quantity 
demanded and the price level. The neo-Keynesian ag- 
gregate demand function which is obtained without 
reference to the labor market is a market equilibrium 
curve rather. than an authentic demand curve. Three 
new equilibrium curves are presented which help to 
reveal aspects of the interdependence of the labor 
market and the other markets in the Keynesian sys- 
tem. 


Yasunisa Hosomatsu, Ph.D. Wayne State 1972. 
Static and dynamic analysis of Cournot type oli- 
gopoly models. 


Warrer E. Hurr, Ph.D. Florida State 1972. Econom- 
ics of the Yugoslav joint venture. 

Yugoslavia is a socialistic country seeking ways to 
improve her economy; one of the more tradition 
shattering innovations she has introduced is the accep- 
tance of foreign investment in joint ventures with 


Yugoslav enterprises. This major change in policy was - 


taken in July 1967. Much to the surprise of many Yu- 
goslavs, few investments were forthcoming. The pur- 
pose of this dissertation is to explain the initial failure 
of the Yugoslav Joint Venture Program to attract 
any substantial amount of foreign investment. 


Minc-Jenc Hwane, Ph.D. Texas A&M 1973. Optimal 
sizes and shapes of market areas of firms. 

This dissertation sets forth a theoretical as well as 
empirical model on market sizes and shapes, and in- 
vestigates the sizes and shapes of market areas of 
firms in the United States. It is contended that small 
size market areas prevail in the United States. More- 
over, it is observed that competitive firms would 
practice f.o.b. mill pricing in hexagonal shaped mar- 
kets when market areas are small, and charge discrim- 
inatory prices when the areas are large. 


Evan Jones, Ph.D. Michigan State 1973 On the mi- 
croeconomic theory of optimal capital accumula- 
tion. 

This thesis explores certain implications of the dy- 
namic neoclassical theory of factor demand; in partic- 
ular, the problem of economics of scale. An attempt is 
made to extend the Marshallian concept of long-run 
average costs to a dynamic framework and to com- 
pare the modified equilibrium with those resulting 
from neoclassical theory. Further, Lerner’s accepted 
interpretation of Keynesian investment theory is ar- 
gued to suffer from a defect parallel to what in micro- 
economic theory is a false dichotomy between static 
and dynamic elements. 


SERGEI S. Kasaxow Jr, Ph.D. Washington State 
1973: A study of managerial incentives in the Soviet 
Union. 

This thesis examines the managerial incentive provi- 
sions of 1965 economic reforms for the USSR. They 
are reviewed in relation to Western literature on mo- 
tivation for work and risk taking. State-~chosen success 
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indices (profits and sales) are considered for several 
firms and industries (Shchekino, Perm’s, and Bol’she- 
vichka). All major incentive experiments successfully 
achieved their planned objectives, but the new ap- 
proaches were not widely extended, and plant manage- 
ment received minimal cooperation from supervising 
administrators. 


J. Taom Kerry, Ph.D, Texas A&M 1972. A model of 
price search and allocation of time in the theory 
of consumer behavior. 

A mathematical model is developed in which con- 
sumers can find lower commodity prices by investing 
time in search; prior contributions in price search the- 
ory are used in a formal demand-for leisure model. 
Specifically determined are effects on consumer behav- 
ior (leisure, work, and search), of changes in com- 
modity prices, consumer wage rate, search efficiency 
and income. 


MonamMMep A. Kuan, Ph.D. Yale 1973. Large ex- 
change economics. 


Meir G. Koun, Ph.D. Massachusetts Institute of 
Technology 1973. Sequential decision making and 
the theory of the firm. 


Panayotis G. Korras, Ph.D. Rochester 1973. Es- 
says in disequilibrium macrodynamics. 

The theme of these essays is the development of a 
macroeconomic theory under the nontftonnement as- 
sumption. After a critical review of the related litera- 
ture, one nonmenetary model and one model of the 
financial sector are presented. The last essay, integrat- 
ing both into a general model with variable employ- 
ment, examines the nature of the adjustment processes 
and the stability of the short-run equilibrium. 


ArtHur J. Kvan, Ph.D. California (Berkeley) 1972. 
An application of a system control model to busi- 
ness history: The General ‘Motors Corporation un- 
der Alfred P. Sloan, 1920 to 1935. 


Wayne H. Lancaster, Ph.D. Claremont School 
1973. A reconsideration of the Phillips curve for the 
United States. 


Jerome K. Laurent, Ph.D. Indiana 1973. The devel- 
opment of harbors, waterborn shipping, and com- 
merce at six Wisconsin ports on Lake Michigan 
through 1910. 

This study examines the circumstances which influ- 
enced the development of harbors, waterborne ship- 
ping, and commerce, at six major Wisconsin ports on 
Lake Michigan: Kenosha, Racine, Milwaukee, She- 
boygan, Manitowoc, and Green Bay, Although initial 
developments at the several ports (except for Green 
Bay) took place in the period 1836-65, the era 1866- 
1910 is especially examined, because the developments 
of these years determined the pattern of activity of 
subsequent decades. 
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Dwicut R. Ler, Ph.D. California (San Diego) 1972. 
Dynamic profit maximization under conditions of 
monopoly, 

The basic problem considered is that faced by a 
monopolist attempting to schedule the production, 
sales, and inventory holdings of his product over an 
N-period interval of time in such a way that profits 
are maximized. The demand schedule faced in each 
period is assumed known. The solution is restricted by 
the following constraints: inventory holdings; pro- 
ductior. and sales must be nonnegative in all periods; 
and the final inventory must be some specified 
amount. Only very general restrictions are imposed on 
cost and demand functions. 


Epwarp C. Lesnicx, Jr, Ph.D. Notre Dame 1973. A 
quantitative analysis of the supply and demand for 
ships: A case study of colonial New York end 
South Carolina. 

The dissertation is a study of the maritime indus- 
tries of the eighteenth century with the colonies of 
New York and South Carolina as case examples. 
Specific objectives are: first, to analyze the supply 
and demand for ships; second, to organize data and 
to test certain statistical hypotheses; third, to develop 
a theoretical model which is capable of being empiri- 
cally tested; and fourth, to discuss instrumental fac- 
tors in the economic growth of the colonies. 


MICHELLE B. McArrin, Ph.D. Wisconsin (Madison) 
1973. The impact of railroads on agriculture in In- 
dia, 1860-1900: A case study of cotton cultivation. 


CHARLES P. McPuHeErson, Ph.D. Chicago 1972. Tariff 
structures and political exchange. 

Tarif legislation is viewed as a commodity bought 
and sold in a market. It is purchased by economic 
groups in a society (producers or consumers) and is 
sold by a firm called the political system. A theoreti- 
cal model of this market is developed and empirical 
implications are drawn. Cross-sectional and cross-time 
tests are carried out relating 1954 and 1958 tariff data 
to incustry census data for a number of manufactur- 
ing industries. The results are inconclusive. 


Ricuarp S. Macx, Ph.D. Colorado State 1972. Social 
rationality and consumer behavior. 


~ 


Rosert J. Macxay, Ph.D. North Carolina 1972. 
Monetary growth models. 


CHARLES F. Mansxi, Ph.D. Massachusetts Institute 
of Technology 1973. The analysis of qualitative 
choice. 


James R. Marcuanp, Ph.D. Virginia Polytechnic In- 
stitute 1973. Two essays on externalities in supply. 
‘This is a dissertation in two distinct but somewhat 

related parts. The first part of the dissertation ana- 

lyzes the literature on externalities in supply before 

World War II. The second part of the dissertation 
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pursues the topic of interindustry externalities in sup- 
ply through the author’s own analysis of this prob- 
lem. 


Warren T. MarrHews, Ph.D. Texas A&M 1972. An 
empirical test of a theory of spatial pricing. 

This dissertation is an empirical test of Greenhut’s 
theory o? spatial price structure. Using the concept of 
cost-impasing economic space between buyer and 
seller, it is deduced that the firm will practice price 
discrimiration in favor of more distant buyers. The 
pricing policies of 1200 firms are analyzed to study 
the impect of costly economic space on spatial price 
structure, and implications of the theory for U.S. an- 
titrust policy are examined. 


Cratc 4. Mepren, Ph.D. California (Santa Barbara) 
1973. Problems of proletarian class consciousness in 
the writings of Karl Marx. 


Kennerat B, Moperc, Ph.D. Purdue 1972. Individual 
and sccial decision processes. 


Cram E. Morris, Jr, Ph.D. Wisconsin (Madison) 
1973. J. Laurence Laughlin: An economist and his 
profession. 

This 5 an assessment of Laughlin’s contributions to 
the economics profession with emphasis on his role in 
the monetary debates of the 1890’s and the money 
reform movement leading to the passage of the Fed- 
eral Reserve Act of 1913. Attention is also given to 
his riva ry with Richard T. Ely and the impact which 
he hac on the founding of the “Chicago School.” 


ANJAN Muxuerji, Ph.D. Rochester 1973. On the 
stability of competitive equilibrium. 

It is possible to extend and clarify the existing re- 
sults cn the stability of the competitive equilibrium in 
several directions. The following are treated: a succes- 
sive tatonnement where only the good with the largest 
excess demand has its price raised; extensions of the 
gross sibstitute system to include complementarity; 
stabilizing income effects; variable speeds of adjust- 
ment; convergence of prices in a barter framework; 
dependence of stability results on the choice of num- 
eraire. 


Jurcer MÜLLER, Ph.D, Stanford 1972. The impact of 
information on technical efficiency. 

The concept of technical efficiency differences—dif- 
ferent levels of output with identical levels of input— 
is unsatisfactory from a production theoretic point of 
view. Here we develop a model in which differences in 
nonccrventional inputs and especially information ob- 
tained by managers may explain productivity differ- 
ences  etween firms. Estimation of the underlying 
production structure (of a sample of California dairy 
farms) via a modified nonhomothetic Cobb-Douglas 
production function show the specific impact of infor- 
matior. 
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PauL F. Muttican, Jr, Ph.D. Duke 1973. Govern- 
ment functions in an underdeveloped free enterprise 
economy: The economic system of Liberia. 


Iwao Nakatani, Ph.D. Harvard 1973. Essays in eco- 
nomic theory: Uncertainty, ability, and social wel- 
fare, 

The thesis consists of three essays. The major theme 
in all three essays is the analysis of the impact of the 
existence of uncertainty on the level of individual wel- 
fare, where individuals are different with respect to 
ability, income, and value systems, generally. It is ar- 
gued that uncertainty is an important source of in- 
equalities of many dimensions. Welfare implications for 
various classes of individuals which arise from such 
differences are examined from various aspects. 


Wayne F. Perc, Ph.D. Purdue 1972. Theoretical 
foundations of macroeconomics. 


Pierre M. Pestieau, Ph.D. Yale 1972. Optimal public 
investment and rate of discount. 


Grenn C. Picov, Ph.D. North Carolina (Chapel 
Hill) 1972. The neoclassical model of optimal capi- 
tal demand. 


Aran M. Porinsxy, Ph.D. Massachusetts Institute of 
Technology 1973. Essays in public sector econom- 
ics: Central and local. 


Crayne L. Pore, Ph.D. Chicago 1972. The impact of 
the antebellum tariff on income distribution. 

This thesis examines the impact of the antebellum 
tariff on income distribution between North, West, 
and South. A general equilibrium model is constructed 
which incorporates relevant features of the antebellum 
economy—intermediate goods, nontraded goods, and 
factor immobilities. The results of combining plausible 
structural data with the model indicate that a general 
increase in tariff rates would redistribute income from 
cotton planters to manufacturers. However, a tariff 
increase on cotton textiles reversed this result. 


Harvey J. Reep, Ph.D. Purdue 1973. An experimental 
study of equilibrium in a competitive market. 
Equilibrium has been used as a maintained hypoth- 

esis in the estimation of supply and demand curves. 

_ However, to date little experimental evidence exists 

| for a nontatanoment process. This thesis attempts to 

test the zero excess demand hypothesis against an al- 

ternative hypothesis which is constructed from a 

Bayesian learning model for individuals. At least for a 

small number of periods, equilibrium in the sense that 

supply equals demand can be rejected in favor of the 

Bayesian learning model. However, little is known 

about the consequence of running many more periods. 


Scott F. RicHarp, D.B.A. Harvard 1972. Optimal life 
insurance decisions for a rational economic man. 
The problems of an individual who is periodically 
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faced with consumption, investment and life insurance 
decisions are analyzed with a decision theoretic frame- 
work. A proper joint utility for consumption streams, 
legacy, and lifetime is derived under certain behav- 
ioral assumptions, and shown to be of product form. 
For both anelytical and numerical formulations of the 
problem, optimal consumption, investment, and life 
insurance policies are found by using stochastic dy- 
namic programming to maximize the investor’s joint 
utility. 


Ricwarp Romano, Ph.D. State University of New 
York (Binghamton) 1973, Dissension within the 
English classical school : An integration of the thought 
of William F. Lloyd. 

This thesis examines the Oxford lectures (on popu- 
lation, poor-laws, value, rent) of W. F. Lloyd 
(1794-1852); compares him with Ricardo, Mc- 
Culloch, James Mill, and dissenters like Bailey, Scrope, 
Jones; and suggests his lack of influence may have 
been due in part to a social outlook which often 
placed him at odds with the process of industrializa- 
tion and associated him with the views of Paley, 
Malthus, Jones, and Coleridge, rather than the Ricar- 
dians. 


Jane L. Ross, Ph.D. American 1972. A quantitative 
study of the historical development of England, 
1600-1960. 


Leonarp G. Sanzinc, Ph.D. Michigan 1972. The 
price equation: An econometric study. 


Yasuniro Saxar, Ph.D. Rochester 1937. Axiomatic 
foundations of consumption and production theo- 
ries. 

This study examines four topics: equivalence of the 
weak and strong axioms of revealed preference with- 
out demand continuity assumptions; axiomatic foun- 
dations of the indirect utility function, based on the 
revealed preference approach; an axiomatic approach 
to input demand theory when a firm produces only 
one output; substitution and expansion effects in the 
general case of joint production. 


Lee W. Samueztson, Ph.D. Harvard 1972. Portfolio 
theory and tne theory of the firm: An investigation 
of firms’ asset management behavior under risk. 
Firms are viewed as managing portfolios of assets— 

both real productive assets and financial assets. A 

portfolio model of firms’ asset management behavior 

is developed, based on approximate closed form solu- 
tions for myopic multiperiod portfolio optimization in 
the absence of a risk-free asset. Empirical investiga- 
tion of the model leads to the conclusion that firms’ 
asset management policies are considerably more con- 
servative than would be expected if maximization of 

(expected) geometric rate of return were their objec- 

tive. 


Parr M. Sarver, Ph.D. Nebraska 1972. Historical 
influences on the economy of Pueblo, Colorado. 
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This dissertation (1) examines those critical aspects 
of growth which have acted to promote or retard the 
development of the economy; (2) offers an explana- 
tion of the present condition of the city; and (3) ex- 
plores the prospects for the future growth of the com- 
rounity. Although there is now a favorable trend to- 
ward greater growth, unless the obstacles which the 
people themselves have created are overcome, the eco- 
nomic growth will be slow. 


Marx A. SATrERTHWAITE, Ph.D. Wisconsin 
(Madison) 1973. The existence of a strategy proof 
voting procedure: A topic in social choice theory. 
jhe dissertation considers committees whose task is 

to’ select one alternative from a set of three or more 
alternatives. Committee members cast ballots which 
are counted by a voting procedure. The voting proce- 
dure is strategy proof if it always induces every ratio- 
nal committee member to cast a ballot that reveals his 
preferences. The main theorem proved states that no 
stratezy proof voting procedure exists that satisfies 
the Pareto principle and is not dictatorial. 


Wayne J. SHarer, Ph.D, California (Santa Barbara) 
1972. Two essays in mathematical economics. 


LAURENCE SHuT#, Ph.D. Columbia 1973. The eco- 
nomic thought of John Maurice Clark: Towaré the 
development of social economics in the United 
States. 

This thesis is a comprehensive study of Clark’s 
works. Pioneering in the institutionalist tradition, his 
prodigious output spanned a broad range of econom- 
ics and yielded significant contributions to the formu- 
lation of a social, dynamic theory of economic pro- 
cess. Much of his work is now classic: Overhead Costs, 
. Effective (workable) Competition, Multiplier, and 
Accelerator Analysis, for instance. Nevertheless, there 
remains a great deal which has not yet found its way 
into the mainstream of orthodox thought. 


AUSTIN SPENCER, Ph.D, Indiana 1973. An examina- 
tion of relative downward industrial price flexibil- 
ity, 1870-1921. 

This study examines the hypothesis that industries 
that experienced increased concentration over the pe- 
riod 1870-1921 show a decline in price flexibility, 
while industries which did not experience increased 
concentration show no observable reduction in price 
flexibility. Price data to test this hypothesis were col- 
‘lected for eleven industries that experienced structural 
change and for two groups of products of industries 
that remained competitive throughout this period. 
Comparable price data were collected for New York, 
Philadelphia, and Cincinnati. 


J. R. Srawrrerp, Ph.D. Oklahoma 1972. The economic 
surplus and neo-Marxism: A further revision. 
This study is a contribution to the neo-Marxist lit- 
erature on modern capitalism. The fundamental theme 
is that neo-Marxism has thus far failed to repudiate 
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sufficiently the competitive law of value. The eco- 
nomic surplus, defined as potential output minus es- 
sential consumption, is estimated for the 1929-1970 
period, 7rom time-series. These estimates are then used 
to evaluate certain aspects of neo-Marxism. The ma- 
jor conclusion is that emphasis should be placed upon 
the composition rather than the level of total output. 


Ivan Starke, Ph.D. Washington 1973. Policy impli- 
cations of factor and commodity taxes in general 
equilibrium. 


Ricoarp J. Sweeney, Ph.D. Princeton 1972. Firm 
decision making, and macroeconomic disequilib- 
rium. 

In ar. economy where each of many firms is a mo- 
nopolist-monepsonist, aggregate business sector deci- 
sion functions relate actual prices and wages and busi- 
ness’ desired investment, hiring and growth te aggre- 
gate demand, the interest rate, expected price and 
wage inflation, and the aggregate rate of unemploy- 
ment. Short-run policy recommendations include high 
aggregete demand to spur growth and hiring, and a 
low interest rate to mitigate inflation from the cost 
side. 


KATSUaKI TERASAWA, Ph.D. Kansas 1972. Optimal re- 
placement timing and pricing policy of a house. 


Wirm J. Wzexs, Ph.D. Kansas 1972. An Evans- 

Roos model for the dynamics of the firm. 

The Evans-Roos dynamic models of monopolistic 
and ccmpetitive markets published during the 1920's 
are ihe first attempts to apply the calculus of varia- 
tions fo economic theory. The relative obscurity of 
their work is due to the limited applications of the 
type cf demand curve specified, and to the scanty 
qualitetive information which they extracted from the 
model. This dissertation is concerned with characteriz- 
ing the optimal paths cf price and quantity under 
various assumptions about cost and demand condi- 
tions. [t also develops an alternative dynamic monop- 
oly model for a Wicksteed-type demand curve. 


Wir1nim E. Werrs, Ph.D, Purdue 1972. Incomplete 
specification and aggregation in a class of econo- 
metic inventory investment models. 

A class of Accelerator-Buffer Stock models modified 
for production flexibility is examined with regard to 
an apparent inconsistency between estimates of two 
structural parameters. A more complete rational 
model, consistent with this class, is specified. The ex- 
pression of the two structural parameters as functions 
of parameters in the more complete model allows an 
explict analysis of the apparent inconsistency. Simu- 
lation results tentatively indicate that aggregate coeffi- 
cient astimates provide little information on micro be- 
havior. 


Joan A. Wurpren, Jr, Ph.D. Colorado State 1972. 
Eccnomic and social change. 
Ths study is concerned with the process of trans- 
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formation of value and institutional parameters as 
they are reflected in established Western thought. It is 
proposed that theory is derived from the behavioral 
norms of society; as these norms evolve theory must 
also evolve. The key hypotaesis of the study is that 
the positive methodology in economics is conducive to 
the growth of theory which is incapable of adjusting 
for value changes in society. 


Berry D. WickHam, Ph.D. Rochester 1973. Some op- 
erational implications of a linear consumer produc- 
tion model with fewer characteristics than goods. 
This paper extends the Lancaster consumer-pro- 

ducer model operationally. It is argued that the exis- 
tence of linearly related goods implies ruled indiffer- 
ence surfaces and that these relationships can be mea- 
sured when goods prices cause entire rulings to be effi- 
cient. Circumstances leading to this result are exam- 
ined along with a procedure for estimating the num- 
ber of characteristics and the objective structure 
among goods. Finally, a procedure for choosing unique 
characteristics is proposed. 


Wittram D. Wiiiiams, Ph.D. Union Graduate School, 
Antioch 1972. The mathematics of Veblenian eco- 
nomics. - 

The work of Thorstein Veblen is commonly 
thought of as fundamentally unsystematic and incapa- 
ble of mathematical representation. A demonstration is 
made that a systematic presentation is possible. The` 
essential core of Veblen’s thought is the insistence that 
the fundamental features of economic theory be for- 
mulated in terms of change rather than in terms of 
Stationary states. Mathematical representation takes 
the form of differential equations involving time rates 
of change of economic variables. 


Daner P. Witttramson, Ph.D. California (San Di- 
ego) 1973. A differential game version of the entry 
barrier problem. 

This dissertation examines the behavior of a mo- 
nopoly concerned with prevenzing entry into its mar- 
ket. An entry decision will be based upon the profit- 
ability of the postentry duopoly market. The problem 
of measuring a barrier to entry is that of determining 
a link between preentry monopoly characteristics and 
this postentry duopoly profitability, The duopoly 
problem is analyzed as a dynamic, two person, coop- 
erative game. A key componert of such games is the 
formulation of noncooperative threat strategies which 
help determine the final arbitrated outcome. 


Micuaet L. Wiseman, Ph.D. Wisconsin (Madison) 
1972. An essay on household investment. 


CHRISTINE N. Wortan, Ph.D. Illinois (Urbana) 1972, 
The financial policy of the Soviet State Bank, 
1932-1970. 


Jess B. Yawrrz, Ph.D. Washington (St. Louis) 1972. 
Economically relevant wealtk : Its speciñcation and 
role in consumption. 
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This stucy investigates the appropriate specification 
of the wealth variable in the aggregate consumption 
function. This endeavor is important for domestic sta- 
bilization policy, since both the built-in stabilizers and 
the responsiveness of the economy to policy decisions 
depend upon how wealth affects consumption. After 
rejecting the cash balance hypothesis, I measure the 
net worth contribution of both the federal debt and 
the money supply. I conclude that the entire debt 
should be included in household net worth, but only 
the conventional specification of outside money is rel- 
evant for the wealth effect. 


Janc Hee Yoo, Ph.D. Texas A&M 1972. The general 
disequilibrium and market adjustment mechanisms 
in macroeconomic models. 

A mathematical model for the general disequilib- 
rium is established recognizing the inflexibility of the 
price variables. It includes the commodity, bond, and 
labor market. In particular, Patinkin’s spillover effects 
and Clower’s dual decision hypothesis are integrated 
in the model, and Tucker’s disequilibrium model is 
extensively revised by modifying the concept of the 
spillover variables. Using this alternative model, the 
signs applicable to change in the price variables in the 
various cases of disequilibrium are investigated. 


Ricwarp M, Younc, Ph.D. Pennsylvania 1972. Macro 
decision making under uncertainty: Some theoreti- 
cal and simulation results. 


Econornic Growth and Development; 
including Economic Planning Theory 
and Policy, Economic Fluctuations 
and Forecasting 


Grorce O. ABALY, Ph.D. Iowa State 1973. Optimal 
investment decisions in perennial crop production in 
Cameroon: A dynamic programming approach. 
Agricultural administrators in developing countries 

are increasingly involved in making investment deci- 
sions within the framework of their national develop- 
ment programs. The dissertation was designed to 
make some modest contributions to our understanding 
of (a) the nature of optimal investments in perennial 
crops, (b) the economic organization of perennial 
crop production, and (c) the effects of allowing for 
possible divergences between observed and actual 
measures of costs and benefits on investment strate- 
gies for perennial crop production in Cameroon. 


Greorce T. Arrn, Ph.D. California (Berkeley) 1972. 
Industrialization, employment growth, and eco- 
nomic development (with special reference to the 
case of Egypt). 


ABDEL R. Asper-Wawas, Ph.D. Illinois (Urbana) 
1972. Tax policy and problems in a developing 
economy : A case study of the Sudan. 
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Basar AHMAD, Ph.D. Michigan State 1972. Farm 
mechanization and agricultural development: A 
case study of the Pakistan Punjab. 


Musutaqg AHMAD, Ph.D. Indiana 1972. Production 
functions in West Pakistan agriculture. 

This study focuses on the agricultural crop sector of 
West Pakistan during the period from 1950-51 to 
1960-61. Cobb-Douglas production functions are es- 
timated for both years with cross-sectional data. Land 
and labor were optimally used in 1950-51 and land 
and irrigation were almost optimally used in 
1960-61. The output elasticity of land has greatly 
increased whereas those of irrigation and labor de- 
creased. These changes are mainly due to the relative 
increases in respective quantities. The study suggests 
that government development of the crop sector 
should have been based on a greater use of chemical 
fertilizer and other biological inputs, which increase 
the per acre yield and substitute for the scarce input 
of land. 


Rais U. Asme, Ph.D. Michigan State 1972. Eco- 
nomic analysis of tubewell irrigation in Bangla- 
desh. 


Cuoonc-Yong Aun, Ph.D. Ohio State 1972. A re- 
cursive programming model of regional agricultural 
development in southern Brazil (1960-1970): An 
application of farm size decomposition. 


M. Araman Axsoy, Ph.D. Boston College 1973. 
Growth and trade in a two-sector model with non- 
shiftable capital and endogenous technological 
change. 


GEORGE ALiarvHO, Ph.D. California (Berkeley) 
1973. Effects of marketing board policies on prices, 
production, and income in Uganda’s cotton indus- 
try. 


GARTH O., ALLEYNE, Ph.D. California (Los Angeles) 
1972. A linear programming model of educational 
planning for Trinidad and Tobago, 1968-1975. 


GERHARD ANDERS, Ph.D. Texas A&M 1972. On the 
economic development of Canada’s North West Ter- 
ritories. 

Canada spent $80 million annually for NWT devel- 
opment without studying basic economic problems. 
The dissertation traces how attenuation of property 
rights among natives modifies income-leisure indiffer- 
ence curves, and yields a negatively sloped labor sup- 
ply curve, This explains native labor market partici- 
pation with transfer peyments availability. I analyze 
the influence of a transcendentalist or immanentist 
worldview on model construction and the determina- 
tion of policy constraints. Development theories are 
criticized in light of preceding, and policy recommen- 
dations follow. 
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Roy D. Anversen, Ph.D. Illinois (Urbana) 1972. 
The financing and allocation of public expenditures 
in Sierra Leone. 


MıcmaEL B. ANbERSON, Ph.D. Cornell 1973. A model 
of the small Chilean firm. 


Epowin K. A. Anc, Ph.D. California (Berkeley) 1972. 
The use of a social accounting framework of eco- 
nomic growth for long-range projections of the 
Taiwan economy, 1970 ta 1979. 


Jarat M. A. Bavati, Ph.D. Southern California 1973. 
Appraisal of developmental planning and industrial- 
ization in Turkey. 

The successes and failures of Turkish economic 
plannirg are appraised by analyzing the development 
of basic industries including mining, iron, steel, and 
electricity. Each sector is evaluated either by measur- 
ing the relative efficiency of total investment in each 
industry or the returns attributed to the total. invest- 
meni, depending on the availability of data. 


AssEFA BEQUELE, Ph.D. Indiana 1973. Industrializa- 
tion and labor absorption: Projections for Ethiopia, 
1968-1983. 

Withia the context of the Ethiopian economy, this 
dissertation examines the interrelations between pace 
of industrialization and the rates of absorption of sur- 
plus labor from agriculture under assumptions con- 
cerning population growth, urban expansion, and in- 
creases in labor productivity. Required levels of in- 
dustrialization and values of other macroeconomic 
variables consistent with exogenously determined rates 
of growth of employment are defined within the 
framework of a two-sector projection model based on 
Harrod-Domar, Mahalanobis, Ichimura, and Chenery 
models of growth and planning. 


RicHarp E. BERNSTEIN, Ph.D. Brown 1973. Factor 
allocetion in tropical agriculture: A theoretical and 
emrirical analysis. 

This study analyzes the efficiency of factor utiliza- 
tion er farms of different size and tenure in Brazil 
and Cuba. Comparisons were based on factor mar- 
ginal p-oducts derived from estimated Cobb-Douglas 
production functions. The effects of inflation on farm 
ownership were included in the Brazilian analysis. 
Data were obtained from agricultural censuses of the 
two countries. Results demonstrated constant monop- 
sonistic behavior on the part of large landowners. 


Hans P. Binswancer, Ph.D. North Carolina State 
1973 The measurement of biased efficiency gains in 
United States and Japanese agriculture to test the 
induced innovation hypothesis. 

The hypothesis that biases in efficiency gains arising 
from t2chnical change and other sources are endoge- 
nously determined by economic forces rather than ex- 
ogenotusly determined was supported by this analysis. 
Estimating equations for biases in the many-factor 
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production case were developed using a transcendental 
logarithmic cost function in factor augmenting form, 
making it possible to ‘divide observed share changes 
into a component due to efficiency gains and a com- 
ponent due to price changes. Components due to effi- 
ciency gains were then used to construct indices of 
biases which were markedly different in the U.S. and 
Japanese experience during the twentieth century. 


Barsara M. Bisco, Ph.D. Cornell 1973. Constraints 
on economic growth: A case study of the Thai rub- 
ber industry. 


James E. Brarocx, Ph.D. Cornell 1973. The econom- 
ics of the foreign exchange constraint: Theory and 
a case study of Turkey. 


Davip G. BrancHarp, Ph.D, Indiana 1973. The im- 
pact of external domination on the Liberian mano 
economy: An analysis of Weber’s hypothesis of ra- 
tionalism. 

Max Weber points out that the history of European 
economic development has been the gradual shift 
from the traditional (patriarchal and patrimonial) to- 
wards the more rational legal domination of economic 
life. To test Weber’s hypothesis this study considers a 
small group of West African tribes-in Liberia who 
have in the last fifty years begun a shift from a tradi- 
tional, autonomous, and closed household economy to 
a peasant and wage-labor 2conomic order operating 
within a national, political, and bureaucratic domina- 
tion. A major conclusion is that the transifion from 
traditional to market economy has been speeded up 
because of outside influences roming primarily from the 
United States. 


Wurm A. Bompercer, Ph.D. Brown 1973. An error 
analysis of optimal stabilization policy. 

An examination of the pezformance of various for- 
mulations of stabilization pclicy focusing on the per- 
formance of policy in the presence of errors in the 
policy maker’s perception of the economic mechanism. 
A series of econometric mocels are selected from the 
literature and reestimated. Various forms of stabiliza- 
tion policy formulation are derived and their perfor- 
mance simulated in the case in which such a policy is 
executed by a policy maker who perceives the eco- 
nomic mechanism in the form of one model in a 
world described by another model or by a model 
which differs from that of th= Policy maker in param- 
eter values or lag structure. 


Jorce O. Bonvicrnr, Ph.D. Louisiana State 1972. Cy- 
cles in demand-pull inflation: An econometric ap- 
proach, 


SALAH A. Bouryini, Ph.D. Kansas 1972. Sources of 
economic growth in develaping countries: The case 
of Tunisia. 


RicHarp T. Burcrorr, Ph.D Washington 1972, Con- 
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tractual choice in Philippine rice farms: Implica- 
tions for land reform in Asia. 


Gites Burcress, Ph.D. Oregon 1973. A study of mod- 
ern economic growth using estimates of aggregate 
production functions for six nations, 1870-1914. 


SUTHIPORN CHrIRAPANDA, Ph.D. Iowa State 1972, 
Linear programming models of interregional compe- 
tition for economic planning of Thai agriculture, 
Two major regional planning models for Thai agri- 

culture have been formulated. They are operational 

but, due to the lack of data, are not applied. The first 
deals with the short run, utilizing as little uncollected 
data as possible. It aims to minimize the costs of com- 
modity production, processing, and transportation, 


subject to land resource constraints and demand re- 


quirements. The second model is an extension of the 
first, involving several resources. It is applicable in the 
long run. Several policy implications have been made, 
including water resource development. 


Kwonc-Yuan Cxyonc, Ph.D. Michigan State 1973. 
A simulation policy analysis of the Western Nige- 
rian cocoa industry. 


Rocer N. Crave, Ph.D. Maryland 1972. Forecasting, 
adjustment costs and factor demands: Or the em- 
peror’s clothes. 

This paper constructs a dynamic model of the firm. 
The demand fer four factor inputs—capital, employ- 
ment, average hours, and the change in inventories— 
were derived form the theoretical model. The factor 
demand equations depended on future values of the 
exogenous variables, which were forecast by the firm. 
The forecasting procedure gave a distributed lag 
model in which the weights represented a convolution 
of the forecasting weights and the weights from the 
adjustment cost model. Several variants of the model 
were estimated using a Zellner-Aitken technique to 
impose restrictions across equations. 


Rosert W. Crown, Ph.D. Iowa State 1972. A model 
of income distribution by size-class with application 
to the results of technical change. 

A model is developed that aggregates consistently 
from the welfare of individuals to that of classes, and 
a link is made between the derivation of welfare and 
the participation in factor markets. Two distributions 
are observatle, the functional income and the personal 
welfare distribution by class, In an application to a 
district agricultural economy of India, the model is 
quantified only up to income levels, thus showing the 
distribution of personal income by class. The impacts 
of technical change on this income distribution are 
observed, as are the results of experiments with policy 
alternatives aimed at attaining equity of income dis- 
tribution. 


Jean Emune Dents, D.B.A. George Washington 1971. 
The structure of private consumption in selected 
Latin American countries. 
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In addition to income level, four other sociceco- 


nomic factors are taken into account: relative price’ 


structure (for food only), urbanization level, income 
distribution, and foreign trade. Data on the variables 
are drawn from published sources, mainly from’ the 
UN and ECLA publications. The statistical technique 
used is a derivation of Venn diagram analysis. It is 
found that by taking into account the four factors 
other thar: income a much better understanding of 
consumption is achieved than when income level alone 
is taken into consideration. 


Fetrx Draz-Lorez, Ph.D. Southern California 1973. 
The role of government in industrial development: 
The case of the Commonwealth of Puerto Rico. 
This inquiry examines the role of government in the 

process of economic progress. Puerto Rico’s successful 
experiment with industrial development provides em- 
pirical insights concerning the importance of govern- 
ment as a source of critical inputs to the process of 
growth. Findings suggest that development policies 
when properly formulated within a given political and 
institutional framework, as in the case of the Com- 
monwealth of Puerto Rico, are generally capable of 
effecting the socioeconomic readjustments necessary 
for growth. 


PAuL H. EARL, Ph.D. Georgetown 1972. An analysis 
of industrial price behavior. 

This dissertation is concerned with the specification, 
estimation, and simulation of equations to explain 
price behavior in a representative sample of twenty- 
two U.S. manufacturing industries. The price equa- 
tions contain cost-based and excess demand pricing 
hypotheses, derived primarily from competitive and 
oligopolistic theories. Estimation is by ordinary least 
squares on data from 1958 to 1969, while simulations 
are run from 1965 to 1969. Alternative inflation poli- 
cies with targets consistent with the Economic Stabili- 
zation Program are tested in an ex post fashion. 


Leyra Ecevit, Ph.D. Pittsburgh 1972. Structural 
changes, production functions, and economic devel- 
opment in Turkish manufacturing. 

A study of Turkish industrialization during 
1950-68. Structural changes across countries and 
over time are used as a base for comprehensive com- 
parisons with Turkey at the three aggregate sector 
level and for individual manufacturing industries. 
Production function analysis is used to identify the 
relative contribution of various factors of production 
to changes in output, to differentiate between the per- 
formance of the public and private sectors, for pre- 
plan and postplan periods, 


VASSILIKI EconomMopouLos, Ph.D. Nebraska 1972. A 
linear programming model and its applicaticn to 
the Greek economy. 

This is an investigation of the effects of selected ed- 
ucation and manpower policies upon the output of 
the Greek economy. Using empirical data, the study 
combines the methods of input-output analysis with 
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those of parametric linear programming analysis. The 
study reveals the usefulness of such a procedure in 
policy ar.alysis and implementation. 


RicHarp E. Eppy, Ph.D. Ulinois (Urbana) 1972. 
Measuring levels of living. 


Tuomas Ebens, Ph.D, Michigan State 1972. Fluctua~- 
tions in foreign exchange reserves and in the vol- 
ume of construction: The similarity between indus- 
trialized and nonindustrialized countries in 1870- 
1914 and their divergence in 1955-1968. 

This thesis examines the relationship between for- 
eign exchange reserves and the vclume of construction 
in industrialized and nonindustrialized countries. The 
hypothesis that construction in nonindustrial countries 
is more sensitive to exchange reserve fluctuations than 
in industrialized countries is supported by a cross-sec- 
tional t.me-series test. While the development of 
financiel intermediaries to supply funds for housing 
construcion appears to promise employment and bet- 
ter living conditions in the developed countries, this 
trend may also increase the instability of the con- 
structicr sector. 


AumeEr EL-Dersa, Ph.D. Syracuse 1973. Economic 
sectoral structure, economic policy, and foreign 
trade : The case of Egypt, 1952-1964. 

The subject of this study is the Egyptian economy 
in the p2riod 1952-64. The purpose of the study is to 
trace the changes in Egypt’s sectoral structure and 
economi: policy and to relate them to changes in its 
foreign trade sector. The period is divided into three 
phases: The Free Enterprise (1952-56), The Mixed 
or Guided Capitalism (1957-60), and The Socialist 
Central Planning (1961-64). 


Urrica Ernst, Ph.D. Indiana 1973. Human resources 
in reg onal economic growth. 

The study examines the interactions between hu- 
man resource formation and economic development in 
a hypothetical two-region economy. The analysis is 
based on a series of simulation, with a digital-com- 
puter model. This model builds on the microeconomic 
behavior of three groups of decision makers: students 
enrolled in the educational system who chocse be- 
tween cortinuing their education and entering the la- 
bor force; individuals employed in one region who 
choose between staying in that region and migrating 
to the cther; and individuals controlling the regional 
allocaticn of investment. 


Daner C. Farxowsx1, Ph.D. New York 1972. Na- 
cional Financiera, S.A., de Mexico: A study of a 
develcpment bank. : 

As cne of the oldest and most successful develop- 


‘ment benks in the world, Nacional Financiera pro- 


vides the basis for a case study of one such institu- 
tion. NAFIN is a unique institution and is as much a 
product of Mexico’s growth experience as it has been 
a causal factor. Nacional Financiera’s outstanding 
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achievement has been its success in stimulating the de- 
velopment of the domestic financial markets. 


MicwareL Finn, Ph.D. Wisconsin (Madison) 1973. 
Supervised agricultural credit in Peru: Technique 
adoption, productivity, and loan delinquency in 
Plan Costa. 


Harrmut Fiscuer, Ph.D. California (Berkeley) 1973. 
Regional variations of economic development: A 
case study of Mexico 1940-1970, 


ANTONIO Furtno, Ph.D. Houston 1972. Measuring 
the economic and social factors affecting regional 
development. 


Monower Garcourt, Ph.D. Cornell 1973. Experi- 
ments with a dynamic multisector planning model 
for Tunisia. 


Nex H. Garston, Ph.D. Brown 1973. Economic 
growth and human capital: A theoretical and em- 
pirical study. 

A two-sector, two-factor, real variable growth 
model is developed; the factors being physical and 
human capital. One sector produces consumer goods 
and physical capital; the other, human capital. With 
rational investment, the equilibrium growth path is 
determined by all parameters of the system, including 
the savings ratio. The model is applied to some avail- 
able data for the United States since 1929, factor 


shares in the sectors are derived, and long-run growth ` 


rates projected. 


Juan A. Grrat-Bosca, Ph.D. Yale 1973. Allocation of 
resources through planning: The Ecuadorian expe- 
rience. 


Loretra L, Goon, Ph.D. Cornell 1972. United States 
joint ventures and national manufacturing firms in 
Monterrey, Mexico: Comparative styles of manage- 
ment. 

Comparative analysis indicated that growth rates 
and profitability between 1960 and 1969 were very 
similar for the two groups. However, the most power- 
ful variables which explained an unusually high de- 
gree of within-group variance in performance for the 
joint venture firms were: distribution of internal 
financial resources; equity patterns; and investment 
patterns. However, for the Mexican firms they were: 
sources of technical information; productivity con- 
sciousness; and marketing practices. 


ELIAS GUITERREZ-SANCHEZ, Ph.D. Cornell 1973. Fac- 
tor proportions, technology transmission, and un- 
employment in Puerto Rico. 


Cuartes J. Hautx, Ph.D. Duke 1972. Growth and 
employment in a labor-surplus economy. 


Henry M. Hays, Jr, Ph.D. Kansas State 1973 The 
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organization of the staple food grain marketing sys- 
tem in Northern Nigeria: A study of efficiency of 
the rural-urban link. 


EMIL O. HersonzHEIMErR, Ph.D. Michigan State 1972. 
Cross-section analysis of demand for housing in 
Venezuela. 

The major part of the thesis is designed to deter- 
mine statistically the most important socioeconomic 
variables and the value of their parameters with re- 
spect to demand for housing in Venezuelan urban 
areas. Of particular interest is the elasticity of income 
and of mortgage terms. Tastes and preferences of 
household heads are analyzed as well as the employ- 
ment created by the construction of different types of 
housing units. The data were drawn from three house- 
hold surveys and mortgage loan applicants. 


Henry HerTtzrELD, Ph.D. Temple 1973. Thresholds of 
regional development in the residentiary industries 
of the United States. 


EXKRAM Hossein, Ph.D. Tufts 1973. An econometric 
analysis of the economic structure and planning de- 
cisions in Bangladesh. 


Watitace E. Horrwan, Ph.D. Chicago 1972. The 
contribution of education and extension to differen- 
tial rates of change. 

This econametric research analyzes differential ad- 
justments to disequilibria. The hypothesis that adjust- 
ment rates vary positively with decision maker’s in- 
formation levels is tested by fitting a variable adjust- 
ment coefficient model between 1959 and 1964 to U.S. 
county aggregate data on nitrogen fertilizer consump- 
tion. Measuring information as levels of farmers’ edu- 
cation and of agricultural extension activity, the esti- 
mated model supports the hypothesis. Increasing edu- 
cation (extension) increases the adjustment coeffi- 
cient’s size; however, increasing education reduces ex- 
tension’s contribution. 


Tomas L. Hutrcueson, Ph.D. Michigan 1973. In- 
centives for industrialization in Colombia. 


Patrick P. Jeawyean, Ph.D. California (Berkeley) 
1972. Optimal growth with stochastic technology in 
a multisector economy. 


U-Jin Jaun, Ph.D. State University of New York 
(Albany) 1973. Investment in nonresidential con- 
Struction ir. the United States—an econometric 
study of quarterly time-series—1954—65. 

This study develops and estimates investment func- 
tions for types of nonresidential construction: indus- 
trial, commercial, hospital, educational, religious, and 
recreational. It makes use of quarterly time-series 
data for the years 1954-65. The underlying determi- 
nants of these types of construction vary considera- 
bly, particularly with respect to methods of financing. 
Unlike residential construction, a separate investment 
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function is necessary for each component of nonresi- 
dentiai construction. 


MuuHammap B. M. J, Kassaram, Ph.D. American 
1972. Scope and sequence of industrial development 
in Syria: An economic analysis. 


Gorar K. Kaprexonp1, Ph.D. Southern California 1973. 
Planning for stability and self-reliance: An evalua- 
tion of policy approaches for India. 

A comparison of two policy models for India sug- 
gests that insufficient savings and inelastic demand for 
investment are the most serious barriers to develop- 
ment. Foreign investment is shown to be usually un- 
desirable because it hurts the balance of payments. 
India should have the government set guidelines for 
investment. A two-sector model shows that properly 
allocated government investment can insure the at- 
tainment of a full employment stable growth path in 
less than fifteen years. 


Avi J. Kanaan, Ph.D. California (Berkeley) 1972. 
The political economy of development planning: 
The case of Lebanon. 


Josera A. Kane, Ph.D. Temple 1972. The economic 
significance of development banking in developing 
countries. 


Ropert J. Kestert, Ph.D. Wisconsin (Madison) 
1973. An analysis of the locational shift of the Bra- 
zilian sugar industry. 


ASMERON KipANE, Ph.D. Pennsylvania State 1973. 
The demand and price structure of selected food 
products in Ethiopia: An econometric and spectral 
analysis. 


Youn-Sux Kim, Ph.D. New School 1973, Postwar 
Japan’s foreign trade (1945-1965) and its lessons 
for developing countries. 

Granted that pre-World War II Japan was a for- 
midable industrial country, it still seems justifiable to 
concede that she could never have made the enormous 
strides she has taken had she not worked out a very 
innovative strategy concerning foreign trade. Thus, it 
is not Japan the industrial nation, but Japan the 
trad2 strategist that is the focus of this dissertation. 
It is the trade strategist that may have much to offer 
in the way of an example to developing economies. 


WEENER LACHMANN, Ph.D. Rutgers 1972. Education 
and growth: A control theoretic approach. 

Most growth models grow at an exogenously deter- 
mined growth rate. Through the introduction of an 
education sector which produces technical progress 
with the help of capital and manpower, the growth 
rate is internalized. The maximum principle is used to 
solve the optimization problem. It is shown that the 
steady state is the optimal state. The disequilibrium 
ana.ysis shows that a saddlepoint exists and that the 
optimal control leaks back to the steady state. 
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Orasu?o O. Lapiro, Ph.D. Michigan State 1973. Gen- 
eral systems analysis and simulation approach: A 
prel minary application to Nigerian fisheries. 


James J. Laxso, Ph.D. Maryland 1973. A technique 
for zkoosing between direct foreign investment and 
domestic investment in production for sale in the 
domestic market in developing countries. 

The -lissertation suggests a general, simple decision 
technique which developing countries can use to eval- 
uate particular kinds of direct foreign investment. The 
operational basis of the technique is a benefit-cost ra- 
tio wikh compares the benefits and costs of foreign 
ownership compared to domestic ownership of the 
same production process. A case study of a foreign 
investment in South Korea illustrates the applicability 
of the technique and its sensitivity to the decision 
variablas. 


Joen 5S. Lane, Ph.D. Stanford 1972. Optimal eco- 
nomie growth ard endcgenous population change. 
In the context of an optimal economic growth 

model a synthesis of the Ramsey-Meade rules has 
been presented and the implications examined for an 
optimal joint savings/population policy. The model 
used was the Ramsey model with discounting but 
modiied to allow the population growth rate to be 
determined by per capita income. 


Jamrs F., Levinson, Ph.D, Cornell 1972. An eco- 
nomic analysis of the determinants of malnutrition 
amoung young children in rural India. 

This research was interdisciplinary in nature exam- 
ining nutrition and health factors together with eco- 
nomie variables in an attempt to determine more pre- 
cisely the causes of malnutrition in 6-24 month old 
children in rural India. Economic status was clearly a 
most important variable, but improvement in eco- 
nom c status alone would in many cases not improve 
the mutritional status. The role of educational pro- 
grams is critically analyzed within the model devel- 
opec. 


Woe-Lonc Lin, Ph.D. Stanford 1973. Economic in- 
te-actions in Taiwan: A study of sectoral flows and 
linkages. 

Ir Taiwan agricultural development has comple- 
menzed rapid industrialization as the predominantly 
agricultural economy has been transformed into a 
mocern diversified economy. This study examines the 
inte-action between agriculture and industry in link- 
age ecfects and resource outflow from the agricultural 
sect: during the period 1952-70. Findings are that 
agriculture can provide momentum for economic 
growth; the small-scale farm system was able to 
achieve high agricultural productivity by using labor- 
intensive and capital-saving technology. 


Cayuxc-Car Lu, Ph.D. Iowa State 1973. The role of 
fecd aid, agricultural development, and capital! for- 
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mation in economic development : A case study of 

Taiwan. 

The major concern of this study was the growth in 
Taiwan's agricultural output, the formation of capital, 
the means by which the increased agricultural output 
was attained, and the role of American food aid in 
this process. The specific objectives of this study are: 
to examine economic development of Taiwan’s agri- 
culture since World War II and the role of agricul- 
tural sector in capital formation; and to appraise and 
analyze the economic effects of American food aid 
program in aiding economic development of Taiwan’s 
agriculture. 


ANTHONY M. Marino, Ph.D. California (Santa Bar- 
bara) 1972. A two-sector model of growth with 
asymmetrical productive processes. 


Juan C. Martinez, Ph.D. Iowa State 1973. On the 
economics of technological change: Induced inno- 
vation in Argentine agriculture. 

The central objective of this study is to attempt to 
identify the factors influencing the demand for and 
supply of agricultural innovations, providing addi- 
tional explanation for the relative stagnation of the 
agricultural sector in Argentina for the last decades; 
in particular, emphasis is given to the Pampean re- 
gion. The analysis tries then to explain the process of 
generation of agricultural innovations by public and 
private institutions and the adoption of the new tech- 
nologies by the farmer. 


Acoco Mawur, Ph.D. Illinois (Urbana) 1972. A sen- 
sitivity analysis of balance of payments and eco- 
nomic expansion in less developed economies. 


Capman A. Murs, Ph.D. Boston College 1973. De- 
velopment under the minimum time objective; 
Ghana under Nkrumah. 


Essam Monrtasser, Ph.D, Princeton 1972. Egypt’s 
pattern of trade and development: A model of im- 
port substitution growth. 

The study is concerned with Egypt’s import substi- 
tution growth, the factors underlying its deceleration, 
and the design of alternative strategies capable of re- 
Storing sustained growth. A macro-growth model 
combining regression and input-output techniques is 
constructed and used to fulfill these goals. Further- 
more, the import substitution growth pattern of 
structural change is examined through the aid of vari- 
ous empirical structural techniques. 


Ricwarp W. Moxon, D.B.A. Harvard 1973. Offshore 
production in the less developed countries by Ameri- 
can electronics companies. 

This thesis examines the direct investments of 
American companies in the less developed counties for 
the manufacture of products and components for sale 
in the United States. A behavioral model of the off- 
Shore production decision process is developed and 
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used to predict the characteristics of products that 
will be selected for offshore manufacture, as well as 
the countries that will be chosen as plant sites. The 
model is tested for the electronics industry, 


Morinper S. Muparar, Ph.D. Wisconsin (Madison) 
1972, Recursive programming models of farm sector 
with an emphasis on linkages with nonfarm sectors: 
The Punjab, India. 


RANGANATHAN NARAYANAN, Ph.D. Yale 1973. The 
two-sector model of growth: An essay. 


Mian A. H. Naz, Ph.D. American 1971. The role of 
the state in the development of agriculture: A case 
study of West Pakistan, 1950-1969. 

The purpose of this study is to examine Pakistan’s 
agricultural development experience with emphasis on 
the role of the state. Three hypotheses are investi- 
gated: The archaic “state of the arts” may be the rea- 
son for low productivity in agriculture; given a stable 
government, capable of providing the necessary re- 
sources and institutional framework, it is possible to 
change the state of arts and to induce increases in 
agriculture productivity; and in a developing country 
technologically induced increases in agricultural pro- 
ductivity can make a significant contribution to overall 
economic development. 


GERALD I. Nesman, Ph.D. Ohio State 1973. Small 
farmer credit use in a depressed community of São 
Paulo, Brazil. 


Mowamep N. Noor, Ph.D. Michigan State 1972. The 
Malaysian small-holder rubber sector: Implications 
of ethrel stimulation and the new processing tech- 
nology. 


Oxonxwo A. Nwant, Ph.D. Florida State 1973. The 
role of monetary and financial institutions in eco- 
nomic development of Nigeria: 1800-1970. 

This study analyzes the role of financial institutions 
in the development of Nigeria from 1800 to present. 
Of particular interest was the change in these institu- 
tions before and after independence. Prior to indepen- 
dence the structure of banks, their geographic disper- 
sion, and their lending policies were consistent with 
the support of an enclave economy. After indepen- 
dence there was a marked change in both the struc- 
ture of banks and their lending policies. 


Oxrasist OcunroworA, Ph.D. Iowa State 1972. De- 
rived resource demand, product supply and farm 
policy in the North Central State of Nigeria. 

The thesis examined the problems of farm adjust- 
ment and increased supply of output in North Central 
State of Nigeria. The first group of analyses focused 
on the level of farm income, effect of technology on 
scale and farm income, and the stability of sole crop- 
ping and intercropping systems under different levels 
of resources and technology. The second group of 
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analyses consisted of the derivation of resource de- 
mand and product supply functions using a combina- 
tion of parametric programming and multiple regres- 
sion analyses. 


GABRIEL I. O. Ozo, Ph.D. Iowa State 1972. An econo- 
metric-simulation model of the Nigerian economy. 
In tbis study an econometric model describing the 

behavior of the Nigerian economy for the period 

1951-65 was estimated. The model, which contains 

fifteen equations, was estimated by two-stage least 

squares, and was used for simulation and multiplier 
analysis. The usefulness of this kind of study lies in its 
capability of broadening the horizon of the policy 

maker by providing quantitative estimates of the im- 

pact of his decisions on the economy. 


Sumive Oxuso, Ph.D. Tulane 1972. Growth, infla- 
tion, and price stability: An empirical analysis. 

The purpose of the thesis is to analyze the effect 
inflaticn has on economic growth. Although it is often 
assumed that inflation redistributes income from non- 
savers to the saving group and thus facilitates growth, 
high rates of inflation may lead to a less efficient allo- 
cation of resources because of uncertainty and other 
costs associated with inflation and thus may hinder 
growth, Analyzing a broad spectrum of countries in 
various stages of development and with various de- 
grees of inflation, we found that mild rates of infla- 
tion foster economic growth while rapid rates have a 
depressing effect on growth. 


Marcia Min-ron Lee Onc, Ph.D. Ohio State 1972. 
Changes in farm level savings and consumption in 
Taiwan 1960-1970, 


EMMANUEL N. Onuwxkwo, Ph.D. Georgetown 1973. 
Sensitivity analysis in the evaluation of agricultural 
projects in Nigeria. 

The dissertation has two main objectives. The first 
an examination of the concept of sensitivity analysis 
as a theoretical tool for the evaluation, selection, and 
management of projects. The second an examination 
of its application to projects in the agricultural sector 


of a developing country like Nigeria. The dissertation — 


deals with the subject in five chapters, and contains 
general conclusions on the subject and specific con- 
clusions on the Nigerian agricultural projects sub- 
jected to the study. 


Bousakar Ouattara, D.B.A. Harvard 1973. The 
capital structure problem of development finance 
institutions: A case study of the Industrial Credit 
and Investment Corporation of India. 

This study of the Industrial Credit and Investment 
Corporation of India examines three issues concern- 
ing development finance institutions: The relation- 
ships between capital structure and the cost of capital; 
lending rates and cost of capital; and the effects of 
borrowing limitations imposed by foreign lenders on 
capital structure decisions. The findings were: capital 
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structure and cost of equity are indirectly related; no 
clear effects of borrowing limitations on capital struc- 
ture decsions; lending rates are consistent with the 
cost of capital. 


Roor N. Paxpey, Ph.D. Minois (Urbana) 1973. 
Livestock and crop production patterns in Uttar 
Pradesh, India and projections of alternative live- 
stock development possibilities. 


Erstaraios PapacEorciou, Ph.D. Iowa State 1972. 
An econometric analysis of the structure of the 
Greex economy and its development prospects. 
Tke sudy presents the short-term economic pros- 

pects of Greece through the application of an 
econometric model. First the structure of the Greek 
economy is examined in an attempt to identify the 
major constraints to growth. The projections assign 
considerable weight to the external sector and the 
sectoral compesition of output, reflecting the need for 
changes in the pattern of eutput in order to eliminate 
the consistent and growing deficit in the balance of 
paymens. 


Iny A. Peproso, Ph.D. Ohio State 1973. Resource ac- 
cumulation and economics of scale in agriculture— 
the case of São Paulo, Brazil. 


Parant G. Pertasamy, Ph.D. Pittsburgh 1972. Eco- 
nomic development in India: The rationale and 
effects of government intervention since independ- 
ence. 


Craumo Pov, Ph.D. Iowa State 1972. Optimal allo- 
cation of agricultural resources in the development 
area of Patacamaya, Bolivia: A linear programming 
apprcach. 

A linear programming micro-level study of co- 
operative farms in a setting of transition from tradi- 
tional to modern forms and methods. Objectives in- 
cluce the determination of optimal land/persor. ratios, 
degree and path of mechanization, farm plans, level 
of resource use and highest achievable income per per- 
son. A comparison is attempted between these optimal 
conditions and the present situation. Policy recom- 
mendztions are made on the basis of the resulis. Sug- 
gestions for further research are advanced both in 
agricultural economics and in other agricultural dis- 
ciplines. 


ABUL IA. A. Raum, Ph.D. California (Los Angeles) 
1972. Intersectual equity agricultural taxation and 
the strategy of economic development: A case study 
of >akistar.. 


Guurtam M. Ramu, Ph.D. Pennsylvania 1972. The 
role of foreign private investment in the economic 
ceve.opment of Pakistan. ; 


SaTisH RaicuHur, Ph.D. Pittsburgh 1972. U.S. and 
USSR economic and military assistance: An em- 
pirical analysis. 
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The study represents a systematic attempt to ex- 
amine the factors ‘affecting the size distribution of 
United States and Soviet aid in so far as they can be 
gleaned from a cross-secticnal analysis of aggregate 


data. The U.S. and Soviet aid flows are related to the | 


economic and political profiles of Third World coun- 
tries, as well as to their reletions with the two super- 
powers. 


James C. Rrepat, Ph.D. Caifornia (Davis) 1972. The 
industrialization of Hong Kong. 


ARCHIBALD R. M. Ritrer, Fh.D. Texas (Austin) 1973. 
The economic development of revolutionary Cuba: 
Strategy and performance. 

Revolutionary Cuba has pursued a changing variety 
of developmental objectives of an economic nature, 
the foremost of which have been rapid economic 
growth, income redistribution, the reduction of un- 
employment, and the reduction of external “depend- 
ence.” This thesis evaluates the effectiveness of the 
changing policies which have been used to achieve 
these objectives, grouping these policies into three 
areas: growth strategy, mobilization strategy, and in- 
stitutional strategy. 


CHARLES A. Ropertson, Ph.D. Cornell 1973. Eco- 
nomic analysis of ground water irrigation in Nueva 
Ecija, Philippines. 

The objectives of this study include: measurement 
of the rate of return to investment in irrigation facili- 
ties, and identification of factors responsible for varia- 
tion of rates of return for an area of the Philippines. 
Alternative measures of rates of return to capital are 
discussed. Investment in shallow wells is found to be 
highly profitable, but investment in deep well facilities 
is in general not attractive. 


James A. RoumasseT, Ph.D. Wisconsin (Madison) 
1973. Risk and choice-cf-technique for peasant 
agriculture: The case of Philippine rice farmers. 
Several authors have suzgested that the Green 

Revolution has not helped small farmers who are non- 
adopters to their proximity <o subsistence and to the 
riskiness of modern techniques. This hypothesis is re- 
jected by showing that a risk neutral model predicts 
actual fertilizer use among a group of Philippine rice 
farmers better than three alternate models which in- 
corporate aversion toward the risk of “disaster.” Sev- 
eral theoretical and methodological innovations may 
be of independent interest. 


D. SAKELLARIOU, Ph.D. Albe:ta 1972. Industrial link- 
ages: A case study. 


ALFRED H. Sautwiers, Ph.D. Wisconsin (Madison) 
1972. Regional allocation of resources: A case study 
of Peru. 


Kamei S. A. SHouxkry, Ph.D. Southern California 
1973. The economic issues of conflict resolution in 
the Middle East. 
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Karar SincH, Ph.D. Ulinois (Urbana) 1972. The im- 
pact of new agricultural technology on farm income 
distribution in the Aligarh district of Uttar Pradesh, 
India. 


Donatp M. Smita, Ph.D. Brown 1973. An applica- 
tion of necclassical growth models to regional 
growth in the United States. 

This study develops a neoclassical growth model to 
explain growth rates of aggregate income, employ- 
ment, capital, and net migration rates. The model is 
tested with aggregate state data, and with sectors 
(manufacturing, services, agricultural) of state’s out- 
put. Interregional and factor movements in response 
to factor price differentials cause wages in relatively 
low wage sectors to grow at faster rates. However, 
intersectoral (intraregional) factor movements may 
reverse this relationship. 


Gary H. Smirn, Ph.D. Oregon 1972. Income and nu- 
trition in the Guatemalan Highlands. 


Wirum G. Sweap, Ph.D. California (Berkeley) 1972. 
An economic policy model for the urban people’s 
commune movement in the People’s Republic of 
China, 1958-1961. 


Joun P. Stem, Ph.D. Chicago 1973. The apprecia- 
tion of paintings. 

Price indices 1946 through 1968 are based on 45,000 
auction priczs observed in the United States and, Brit- 
ain. The capital asset pricing model is extended to 
risky durable goods. The appreciation of paintings 
conforms to the model when the return from nonpe- 
cuniary services is 2.1 percent per year. Paintings offer 
less expected return and less systematic risk than equi- 
ties, Paintings are “superior” if individuals value 
viewing services above 2.1 percent, but substantial 
nonsystematic risk prevents their being “efficient.” 


Harry W. Srracwan, D.B.A. Harvard 1972. The role 
of the business group in economic development: 
The case of Nicaragua. 

Business groups, long term associations of multifari- 
ous firms controlled by multiple families, dominate 
the private sectors of many developing countries. 
Their primary function in Nicaragua is financial inter- 
mediation; they facilitate both credit and investment 
opportunities to their members. Lesser services include 
intragroup business and the insurance of concentrated 
power. They aid capital accumulation and allocation; 
they aggress:vely establish new enterprises; but their 
concentrated power also brings monopolistic tenden- 
cies and other socially undesirable effects. 


EstHer C. Suss, Ph.D. Pittsburgh 1972. An analysis 
of the lead-lag relationship between exports, domes- 
tic business cycles, and world business cycles: A 
cross-section study. 

This study tries to determine what effect a 
country’s business cycle has on its exports. Export 
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volume and value were analyzed for eight industrial 
countries from 1950 to 1970. The major statistical 
tool used in this study was spectral analysis. It was 
found that the U.S. and Canada had their export vol- 
umes promoted during domestic business expansions, 
and the U.S. and Austria had their export values pro- 
moted during expansions, The other countries had 
their exports retarded during business expansions. 


'D Basatunpe THomas, Ph.D. Indiana 1973. Tech- 
nology transfer and capital accumulation (a study 
of the Nigerian manufacturing industries). 

The dissertation is focused on the relationship be- 
tween capital formation and technological progress 
with the object of determining its impact on value- 
added per man. The supporting data refers to Nige- 
rian mznufacturing industries. 


J. Pasto TorreaLsa, Ph.D. Michigan State 1973. Im- 
proving the organization of fruit and vegetable pro- 
duction-assembly systems in the coffee zone of Co- 
lombia: A case study in the La Mesa region. 


Hrrosui Tsuyu, Ph.D. Illinois (Urbana) 1973. An 
econometric study of effects of national rice policies 
and the Green Revolution on national rice econo- 
mies and international rice trade among less devel- 
oped and developed countries: With special refer- 
ence to Thailand, Indonesia, Japan, and the United 
States. 


Aran T. Upar, Ph.D. Yale 1973. Migration and em- 
ployment in Bogota, Colombia. 


Jan H. Van Der VEEN, Ph.D. Cornell 1973. Small 
industries in India: The case of Gujarat State. 


Jacos W. Van Duijn, Ph.D. Illinois (Urbana) 1972. 
An interregional model of economic fluctuations. 


Syed H. Wara, PhD. Stanford 1972. Land develop- 
ment strategies in Malaysia: An empirical study. 
Two contrasting patterns of land development in 

Malaysia in operation for a decade provide data for a 
cost-benefit evaluation. One, the Federal Land Devel- 
opment Authority (FLDA), adopted a highly regi- 
mented and closely supervised pattern and supplied 
more capital, technical and managerial skills, and su- 
pervisory personnel than the other. The other scheme, 
the Kelantan State Land Development Authority 
(KSLAD4A), lacking in capital and skills, relied on set- 
tlers’ initiative, imagination, and dedication in open- 
ing up new land for agricultural settlement. Results of 
the study indicate that the settler-oriented approach 
of the ASLDA is economically more viable in terms 
of investment yields and of discounted cash-flow to 
the government. But the FLDA plan provides health 
clinics, schools, and water supply not possible with 
the minimal infrastructure of KSEDA. 


Perer F. WerseL, Ph.D. Oregon 1972. Changes in tra- 
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ditiona! agriculture: 
north2rn Liberia. 


A study of three towns in 


TuHomas B. Wrens, Ph.D. Harvard 1973. The miero- 
economics of peasant economy, China: 1920-1940. 
The study employs partial equilibrium, microeco- 

nomic aralysis to explain the interrelationships among 

economic forces determining the distribution of in- 
come in a peasant economy in the early stages of 
transitior to industrialization. Econometric techniques 

(regression and activity analysis) are applied to pro- 

duction end factor market data pertaining to the Chi- 

nese rurel economy (1920-40) as a test of the accu- 
racy of theoretical hypotheses. 


Jerome M. Wotcrs, Ph.D. Yale 1973. Farmer re- 
sponse to price in smallholder agriculture in Kenya: 
An expected utility model. 


Twartcaar YONGKITTIKUL, Ph.D. Illinois (Urbana) 
1972. Trade and development in Thailand: An 
analyss of the Industrial Promotion Act using 
effective rates of protection and linkage criteria. 


BASIL Z-MMER, JR., Ph.D. Rutgers 1972. The role of 
rural :ọ urban migration in the economic develop- 
ment of India. 

An analysis is made of the trend and economic 
effects cf rural to urban migration in India, along 
with the impact of India’s Five Year Plans on this 
phenomenon. Migration is found not to be declining, 
due in fart to shortcomings of rural planning. An al- 
ternative strategy is proposed as a method of promot- 
ing mers balanced regional development and provid- 
ing a framework in which migration could become a 
more progressive economic force. 


Economic Statistics; including Econometric 
Methods, Economic and Social Accounting 


. Anm H. Apper-Razex, Ph.D. Kansas 1972. The dis- 


tributions of least squares estimators in the first- 
order stochastic difference equations. 


Wura E. ALEXANDER, Ph.D. Michigan 1972. An ap- 
praisel of the Hedonic approach to the measurement 
of cvality change and a suggested modification of 
the technique. 


Axerer J. S. At-Sapi, Ph.D. Southern California 1972. 
Valuetion adjustment in input-output tables, eco- 
nomic structure, and economic systems: A compar- 
ativ2 empirical analysis, 

The Yugoslav ard Hungarian economies are com- 
pared using price adjustment models that attempt to 
quantify the degree of distortions in pricing and their 
consectent effects an the structure of these economies. 
Distortions in Yugoslavia appeared chiefly in trans- 
port and trade, while in Hungary, they were found in 
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manufacturing, agriculture, and transport. The former 
apparently resulted from partial price controls and 
market imperfections, while the latter can be attrib- 
uted to administrative planning and centralization. 


Wirt1am E. Avera, Ph.D. North Carolina (Chapel 
Hill) 1972. A geometric mean strategy as a theory 
of multiperiod portfolio selection. 


Epuarp H. Brau, Ph.D. Duke 1973. A national in- 
come, trade-flow, capital-flow model of the United 
States and the United Kingdom: A simulation 
study. 


Witrtam R. Cron, Ph.D. Michigan State 1973. The 
demand for major housenold appliances: An econo- 
metric analysis. 

This study attempts te examine alternative ap- 
proaches to developing demand functions for three 
major household applianc2s. Two existing ad koc 
models are studied to determine their connection with 
the classical utility maximization framework, Alterna- 
tive models derived from the utility maximization 
framework are then developed, In estimating the 
models a procedure is developed for combining time- 
. series and cross-section data, where the random dis- 
turbances are autoregressive, heteroskedastic, and 
cross-sectionally correlated. 


W. ROBERT DALTON, Ph.D. Missouri 1972. Elasticities 
of substitution in Soviet industry. 

In this paper a constant elasticity of substitution 
(EOS) is estimated for nine Soviet industrial sectors 
for the period 1950-69. Results for all sectors indi- 
cate’ that HOSs were significantly less than unity, and 
that technological change had no downward trend. 
The EOS estimates range from .081 to .671. The anal- 
ysis graphically illustrates that a slowdown in the 
growth rate of output is implied by an increasing cap- 
ital-labor ratio, and a low constant EOS. 


Wirtiam S. Dawes, Ph.D. Purdue 1972. Some impli- 
cations of the exact finite sample density functions 
of GCL estimators of structural coefficients in a 
particular simultaneous equation economic represen- 
tation. 


GrorcE W. Grre, Ph.D. Oregon 1973. The examina- 
tion of residuals for the detection of specification 
errors. 


Joun G. Grenar, Ph.D. Texas A&M 1972. A theo- 
retical-empirical study of spatial pricing. 

The objective of this dissertation is to formulate a 
general theory of spatial pricing to include assump- 
tions of variable demands end competition over an 
economic space. An operatianal model based on this 
theory is also formulated to test the theory on obser- 
vational (assumption) and deductive (result) levels. 
The impact of a heterogeneous landscape on delivered 
prices is, in other words, evaluated theoretically and 
empirically. — 
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Crartes R. Hurren, Ph.D. California (Berkeley) 
1973. The measurement of total factor productivity 
in U.S. manufacturing, 1948-1966, 


Wriiam E. Jupnicg, Ph.D. Michigan 1972. A method 
for modeling multinomial time-series. 


Gary P, Kurcuer, Ph.D. Maryland 1972. Agricul- 
tural planning at the regional level: A programming 
model of Mexico’s Pacific Northwest. 

A programming model of the agricultural activity 
in Mexico's Pacific Northwest region is developed to 
assist in policv/planning decisions directly concerning 
only the region as a substitute for full sector (with 
regional disaggregation) analysis. The region is large 
enough to influence national output and input prices 
and the model is structured to allow for interactions 
with the rest of the economy through the product and 
input markets. Simulations of price subsidies, input 
subsidies, minimum wage changes, and export promo- 
tion policies are presented. 


On Yur Kwon, Ph.D. McMaster 1972. Optimal fiscal 
strategies for economic stabilization: An economet- 
ric study with illustrative application to Canada. 
The thesis is concerned with a‘particular methodol- 

ogy for applying econometric models to problems of 
economic policy, with illustrative applications to 
problems of economic stabilization in Canada during 
1967-69. An annual econometric model is estimated, 
and a policy maker’s loss function specified. Govern- 
ment expenditure and personal and corporation in- 
come tax rates are chosen as policy instruments. Tar- 
gets are price change and unemployment. Thirty-six 
computer optimization experiments are reported, 
based on various specifications of the loss function. 


Kye Woo Lez, Ph.D. Michigan State 1972. An inter- 
national study of manufacturing production func- 
tions: Estimation and implications. 

The thesis estimates production functions for three- 
digit manufacturing industries of the International 
Standard Industry Classification using combined in- 
ternational cross-sectional and time-series data ob- 
tained from the reports of the twelve countries.sam- 
ples, The models used are four generalized production 
functions discussed recently in the literature. To make 
a choice among the alternative functional forms, spec- 
ification error tests are performed. Having estimated 
the parameters of the production functions, their im- 
plications for the international trade patterns are con- 
sidered. 


ANDRE S. Lumproso, Ph.D. Pittsburgh 1972. Studies 
in income distribution. 


Josan McGeer, Ph.D. Stanford 1973. An econometric 
analysis of advertising effects. 


Danie, A. McGowan, Ph.D. Pennsylvania State 
1973. The measurement of personal wealth in Cen- 
tre County, Pennsylvania. 
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Gary M. Mutrer, Ph.D. Michigan 1973. Estimators 
and designs for stationary points on some second- 
and third-order response surfaces. 


KamBHAMPATI S. R. Murruy, Ph.D. Western Ontario 
1973. Regression by minimizing the sum of absolute 
errors: A Monte Carlo study. 

The sampling properties of the MSAE estimator are 
examined under different assumptions on the nature 
of protability distribution of the error term, by 
Monte Carlo experiments. The results confirm the by- 
pothesis that the MSAE estimator performs better 
than the ordinary least squares, in the presence of 
large errors. The results also indicate the possibility of 
the unbiasedness and the consistency of this estimator 
when the errors are symmetrically distributed around 
zero mean. 


Brian P. O'Connor, Ph.D. Maryland 1973. An income 
side to an input-output model of the United States. 


Prairie D. Orson, Ph.D. Oregon 1973. Estimating re- 
gression slippage. 


Date J. Pomir, Ph.D. Wisconsin (Madison) 1973. 
Applications of spline functions in economics. 


CHARLES S. Portwoop III, Ph.D. California (Berke- 
ley) 1972. Statistics and their application to social 
sciences research. 


Barpev Ray, Ph.D. Western Ontario 1973. The finite 
sample properties of several estimators of the linear 
regression models with random coefficients. 

The random coefficients regression models are consid- 
ered appropriate in situations where relevant variables 
cannot be explicitly included in the regression either 
because they cannot be measured or other consider- 
ations force their omission. This thesis discusses sev- 
eral economic applications of such models, Then, we 
undertake a Monte Carlo study of small sample and 
iterative properties of several estimators. Further, we 
propose new estimators including one which gives 
guaranteed positive estimates. Several other theoreti- 
cal extensions are developed. 


GOURANGA U. L. Rao, Ph.D. Western Ontario 1973. A 
Monte Carlo study of small sample properties of 
sélected structural estimators. 

The study reports the results of a series of Monte 
Carlo experiments conducted in order to throw some 
light on the small sample properties of certain struc- 
tural estimators. In particular, attention is focussed on 
the effect produced on the small sample properties of 
estimators due to the presence of identities and lagged 
endogenous variables in models. 


SUZANNE E. Remp, Ph.D. Duke 1973. Corporate simu- 
lation: A theoretical approach. 


STEVEN C. Rewer, Ph.D. Missouri 1972. Principal 
components and instrumental variables. 
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Artaurx G, ReirscH, Ph.D. Oregon 1973. Statistical 
tests for detecting the presence of clusters in multi- 
variate data. 


Henry G. RennreE, Ph.D. Ohio State 1973. Aggrega- 
tion thecry, investment behavior, and rational lag 
functions. 

Three types of measurement error caused by aggre- 
gation cf investment functions utilizing the rational 
distributed lag function are presented: Coefficient es- 
timates; lag structures and average lags; estimates of 
the residual variance. Twenty-seven corporations in 
six industries for the years 1951-68 were used for 
each of five invesiment theories. Aggregation bias at 
the industry versus firm level is very significant with 
respect to lag structure and average lag. Bias can also 
reverse conclusions concerning the relative perfor- 
mance of competiting theories. 


Micar A. RICHONNIEÆR, Ph.D. California (San Di- 
ego) 1972. Experimental design in econometrics: 
Some extensions. 

The context is optimum design for regression analy- 
sis. A unifying interpretaion of conventional design 
criteria is given in terms of concentration ellipsoids. A 
sufficien: condition is given for the optimal number of 
observations at a design point to be zero. Ordering 
constraints to be added to the constraint set in a 
time-series experiment framework are given. The clas- 
sical orthogonality theorem is extended to time-series 
experiments, and numerical examples are provided. 


Katramurt S. Sarma, Ph.D. Pennsylvania 1972. 
Comparative performance of input-output models 
with alternative production functions. 


Vernon H. Savage, Ph.D. Texas (Austin) 1972. The 
implications of national defense shifts to a small 
area: The San Antonio (Texas) case. 

Shifting national defense priorities have implica- 
tions nct only to the national economy, but more es- 
pecially to the regions and industries which have be- 
come specialized in this type of activity. This study 
chooses the San Antonio region and by the use of a 
Leontief static input-output model, analyzes the im- 
plications of such a shift to the region. The analysis is 
concerned with defense changes and its implications 
for income, output, employment, and the provision of 
public goods in the region, 


Joserg F. ScaHutmMAN, Ph.D. Michigan 1973. A vary- 
ing parameter regression study of the tradeoff be- 
tween inflation and unemployment. 


GraHam C. Scorr, Ph.D, Duke 1972. Industrial pro- 
duction and investment in a dynamic, multiregional, 
interindustry model of the United States. 


Terry G. Seaxs, Ph.D. Duke 1972. An econometric 
model of the North Pole, 1952-65. 
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Juviru E. Servince, D.B.A. Harvard 1972. Assigning 
probabilities to rare events. 

People’s behavior when dealing with the uncer- 
tainty surrounding rare events is investigated in order 
to develop a good procedure for eliciting assessments 
of the subjective probability of occurrence of such 
events. Relevant current practices in two settings— 
specialty insurance underwriting and safety analysis 
for nuclear power plants—are described and evalu- 
ated; results of several experiments in assessing small 
probabilities are reported; and finally a three-step 
procedure is recommended for assigning a numerical 
value to express the uncertginty of rare events. 


Puisir SerrHawonc, Ph.D. Michigan State 1973. An 
econometric analysis for Engel curves: Based on 
M.S.U. Consumer Panel data. 

Using M.S.U. Consumer Panel data of 1958, thir- 
teen cross-sectional studies on Engel curves were set 
out for five composite foods. Income elasticities were 
estimated based on three alternative mathematical 
forms of the Engel curves. Cross-sectional and time- 
series data were pooled. Tae modified Engel curves 
were formulated for estimat:ng both income and price 
elasticities. Some preliminary evidence was presented 
on the approximate determination of utility functions 
by means of Engel curves. 


M. Lynn Spruitz, Ph.D. Michigan 1972. Secondary 


criteria for use with minimum bias estimation of . 


response relationships. 


Epwarp VENTO, Ph.D. Texas A&M 1972. Income dis- 
tribution in a token economy. 


Wirtram E. Wecxer, Ph.D. Michigan 1973. Time-se- 
ries prediction: Theory and practice. 


James W., Werzter, Ph.D. Harvard 1973. Studies on 
the American distribution of wealth. 

This thesis consists of three studies: a survey of the 
data on the stock of personal wealth in the United 
States, its size distribution, and time trends in that 
distribution; measurement of the effective rates of the 
federal estate and capital gairs taxes and the effects of 
tax loopholes on the rate of return received by the 
wealthy; and a cross-section study of the wealth- 
effect on savings using the Suzvey of Changes in Fam- 
ily Finances. 


LawreENcE C. Worxen, Ph.D. Texas A&M 1972. A dy- 
namic price, production, and investment model of a 
monopoly firm. 

Since a static model can only indicate the direction 
of change of a dynamic system, a dynamic model is 
developed to trace the firm’s optimal path through 
time. To include the asset variables of the firm in a 
more direct way, investment included as one of the 
control variables, determining the firm’s optimal ac- 
quisition of capacity over tims. A capacity constraint 
is included, which may restrain the monopolist from 
taking full advantage of his pasition. 
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Monetary and Fiscal Theory, Policy, 
and Institutions 


ABDELRAHMAN T. ABURACHIS, Ph.D. Pittsburgh 1972. 
Monetary policy, high employment, and external 
finance. 

This paper argues that in order for a central bank 
target to qualify as the object of central bank control 
it must meet two specific criteria: the target selected 
must have a stable and reliable relationship to expen- 
ditures; ard it must have a stable and reliable rela- 
tionship to the monetary base. In an aggregate invest- 
ment equation and in four disaggregated investment 
equations—two for the business sector and two for 
the household sector—both the interest rate and the 
money stock failed to meet the criteria. 


Davin L. ANDERSON, Ph.D. Boston College 1973. A 
theoretical and empirical analysis of the federal 
budget process. 

Using organization theory and adaptive modeling 
techniques, a new approach to public budgeting the- 
ory is developed. To explain the distribution of funds 
among defense, human services, physical development, 
and other budget categories, a simultaneous equation 
model is constructed and estimated for the postwar 
period. Structural and inertial forces within budgeting 
and economic conditions were the most significant ex- 
planatory variables; revenues and social factors the 
least. Decreasing intra-budget funding competition 
and declining administrative controls over budgeting 
are found ta most hinder effective budget operation. 


Panayotis A. AposroLipis, Ph.D. Arkansas 1973. An 
investigation of selected operating ratios with em- 
phasis on size of member banks of the Eleventh 
Federal Reserve District for the years 1960-1969. 
Selected ratios—particularly the ratio of earnings to 

assets—were tested for bank profitability through re- 
gression analysis. Priorities in the allocation of re- 
sources were identified and marketing policies sug- 
gested. Problems of bank performance and scale econ- 
omies were explored. The findings were compared 
with similar data from other districts and profit maxi- 
mization was inferred to be a secondary objective af- 
ter sales. The study however concluded that profitable 
coexistence of small and large banks is feasible, 


Prerer M. Asuton, Ph.D. Colorado State 1972. Bud- 
get allocation in the public sector: A systems analy- 
sis of the Colorado Division of Wildlife. 

Public finance is an uncomfortable arena in which 
important decisions tend to be made subjectively 
without the benefit of systematic economic analysis. A 
combined PERT/PPB cost-effective management sys- 
tem is developed and suggested as a technique for 
complementirg traditional approaches to public bud- 
get allocation. The computerized system is evaluated 
to assess its potential for integrating various critical 
management functions into a comprehensive decision 
tool. It is concluded that systems methodology may 
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significantly enhance public resource allocation deci- 


sions. 


Huseyin S. AresocLU, Ph.D. Pittsburgh 1972. Rela- 
tive stability of monetary velocity and the invest- 
ment multiplier: Turkey 1952-1967. 


Leonarpo J. A. AUERNHEIMER, Ph.D. Chicago 1973. 

Essays in the theory of inflation. 

These are four separate essays on inflation, the first 
three dealing with aspects of the theory of revenues 
from the creation of money: the revenue maximizing 
rate, the welfare costs of inflationary finance, and the 
stability properties of models where revenue is the ex- 
ogenous variable. In the fourth essay a model of mon- 
etary adjustment is presented which allows for a 
lagged response of the rate of inflation to changes in 
the rate of monetary expansion. 


Epcarpo Baranpraran, Ph.D. Minnesota 1973. The 
control of money and bank credit in Argentina. 

A model of the Argentine monetary sector is devel- 
oped. It consists of fifteen equations, ten of which ex- 
plain the stocks of currency, demand, savings and 
time deposits, legal and excess reserves, ordinary and 
selective loans, and the interest rates on time deposits 
and ordinary loans. I present estimations of the struc- 
tural equations using quarterly data for 
1960I-1970IV. The estimated reduced form is then 
used to analyze the supply of money and bank credit 
and to evaluate policy instruments. Finally, the impli- 
cations for the implementation of monetary policy are 
considered. 


THomas L. Bertone, D.P.A. George Washington 
1971. Legislative control of executive expenditures 
in Maryland state government. 

The study concludes that the General Assembly of 
Maryland exercised little control over executive oper- 
ating expenditures through the budgetary system. The 
legislature chose not to become deeply involved in 
budgetary control because such control involves re- 
ductions of public services and possible voter retalia- 
tion. Broad control over expenditures was obtained, 
however, by allocating new tax revenues among ex- 
penditure categories through the device of funding 
formulas and special funds. 


J. Lroyp BLACKWELL III, Ph.D. Georgia State 1973. A 
theory of bank structure with applications te prob- 
lems of differential bank structures, bank pricing 
policies, bank cost, and bank management. 

Models of systems of banks of various structures 
show that structural changes have welfare effects. The 
models are also used to compare costs of branch and 
unit banking, to evaluate branch bank pricing policies, 
and to develop a model of the optimal branch bank. 


Micuart D. Borbo, Ph.D. Chicago 1972. The effects 
of the sources of change in the money supply on 
the level of economic activity: An historical essay. 
The approach of the thesis is to compare different 
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periods ia U.S. monetary history over the time span 


1834-1914 which exhibited different sources of mone- 
tary change to see whether the source of monetary 
change s:gnificantly affected the relationship between 
money and income between these periods as well as 
within them. In the majority of cases examined, the 
income effects of the sources of monetary change were 
found to be insignificant, 


Joux H Bowman, Ph.D. Ohio State 1973. Cost and 
benefit spillouts as factors affecting local taxation 
for public schools. 

The cissertation analyzes factors affecting locally 
raised school taxes per pupil using linear regression 
analysis for West Virginia school districts. Ability to 
levy taxes for local use while exporting part of the 
burden (generally by taxing business property) was 
found to have a significant, positive effect on locally 
raised texes. Intergovernmental aid extended without 
local matching or maintenance of effort was found to 
decrease local taxes; aid imposing such requirements 
was found to be insignificant. 


Roser- T. Bray, Ph.D. California (Los Angeles) 

1972. Church and welfare property tax-exemption: 
. A study of Roman Catholic Church parish property 

in Los Angeles County, 1962-1968, 

The study presents a model of the multiproduct 
church-irm based primarily on a Roman Catholic 
Church parish. Then, using the tax and assessment 
data of Los Angeles County, the study presents data 
for the measurable costs and benefits of the tax ex- 
empt status of Roman Catholic Church parish prop- 
erty in the county. And, the validity of church prop- 
erty assessments in the county is investigated. The 
study also includes a discussion of the immeasurable 
costs ar.d benefits of church property tax exemption. 


Freper-ck S. BrermyerR, Ph.D. Northwestern 1972. 
The money stock and the impact of high-powered 
money: An aggregated and regional investigation 
from 1879-1897. 

The development of monetary institutions and rela- 
tionships governing monetary movements were exam- 
ined for the United States from 1879-1897. It was 
found that high-powered money explains less varia- 
tion in money than explained by gold flows. Similar 
findings occurred using regional deposit breakdowns 
for national banks. The net deposit definition requir- 
ing reserves was discovered for each year, with the — 
determination made that the official net deposit and 
required reserve data were incorrectly calculated and 
biased downward. 


Wran V. Bussmann, Ph.D. Wisconsin (Madison) 
1972, Estimation of household corporate stock port- 
folics and a model of rate of return from a sample 
of Visconsin income tax returns (1946-1964). 


Harry F. Campsett, Ph.D. Queen’s 1973. A benefit- 
cost rule for an additional public project in Canada. 
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ALEXANDER Cassuro, Ph.D. California (Los Angeles) 
1973, The stability of velocity and the effectiveness 
of monetary policy in developed and developing 
countries. 


Crartes D. Catucart, Ph.D. Virginia 1973. Essays 
in monetary dynamics, 

Three essays present new results on: The time path 
of the rate of monetary expansion and the stability of 
the monetary system in hyperinflation when the reve- 
nue from inflation is constrained; the excess burden 
and efficiency of inflationary finance when transitional 
dynamic effects and a positive growth rate of real in- 
come are introduced; and the stability of the mone- 
tary system when the rate of monetary expansion is 
fixed at a low level. 


CLAUDIO CONTADOR, Ph.D. Chicago 1973. Money, in-. 


flation and the stock marset: The Brazilian case. 


Grorrrey R. Conway, D.B.A. Harvard 1973. The 
supply of, and demand for, Canadian equities. 

This study provides new statistical information on 
the market for Canadian stocks—-size, ownership, new 
issues, future demands, etc. Some traditional views, 
ie, that Canadians are conservative investors, are 
shown to be inaccurate. A major foreign investment 
factor illustrated is that almost 80 percent of the larg- 
est Canadian private companies are foreign con- 
trolled. The major conclusion is that Canadian insti- 
tutional demand for stocks will exceed the Canadian 
supply unless many private companies go public. 


Torey Q. Coox, Ph.D. Furdue 1973. The structure 
of long-term interest rates. 


GILBERT L. Course, Ph.D. Purdue 1972. An investiga- - 


tion of the theory of money. 


James R. Crorry, Ph.D. Carnegie-Mellon 1973. The 
objective function of the state: A study of the po- 
litical economy of monetary and fiscal policy. 


Aproatpo M. pa Siva, Ph.D. Chicago 1972. Inflation 
and the demand for money: A four country model. 


Rosert T. Deacon, Ph.D. Washington 1972. The de- 
mand for services of local governments: Theory 
and evidence. 


James W. Dean, Ph.D. Harvard 1973. Aspects of in- 
strument/target links in Canadian monetary policy. 
This dissertation examines certain links between in- 

struments and targets of Canadian monetary policy. 

Reserves-to-money-supply links are analyzed in a 

money-multiplier context, instruments-to-reserves links 

are approached via estimates of the effectiveness of 
defensive policy, and feedbecks of targets to instru- 
ments are treated in a reaction-function context. Fi- 
nally, the link between the secondary reserves instru- 
ment and its targets is analyzed using a model in 
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which banks’s utility depends upon income and li- 
quidity. 


Donatp M., DePampuis, Ph.D. Harvard 1973. A 
microecanomic econometric analysis of the short- 
term commercial bank adjustment process. 

The prir:cipal intent of this thesis is to construct a 
microeconcmic model approximating commercial bank 
adjustment behavior in a period as short as a week. A 
set of behevioral relationships describing such adjust- 
ments is derived and estimated for a sample of seven 
large commercial banks. The model focuses on the ac- 
tivities of the money position manager in selecting the 
optimal “adjustment” portfolio. A specific emphasis is 


- placed on the role of nondeposits sources of funds in 


this process. 


J. Kurt Dew, Ph.D. Texas A&M 1972. Generalized 
utility and cardinality price theoretic models of costs 
of trade. 


Larry L. Dinprne, Ph.D. Michigan 1972. The relation 
of local public service benefits to property values: 
Evidence from referenda. 


Warrer Dorog, Ph.D. Yale 1973. Capital markets and 
the relevant horizon for consumption planning. 


STEPHEN M. DuckwortH, D.B.A. Harvard 1973. 
Post-CD liquidity management: A study of New 
England regional commercial banks: 1960-1972. 
The dissertation investigates the effects of liability 

management on liquidity management practices of se- 
lected regional banks. Both determinants and financ- 
ing of secular cyclical and short-term liquidity needs 
are analyzed and explained through statistical and in- 
terview data. The 1972 policies for discretionary bank 
assets and liabilities are developed with special atten- 
tion to the factors effecting levels of temporary in- 
vestments end the combined CD/net Federal Funds 
position. 


Davin B. Zasrwoop, Ph.D. Tufts 1972. Consumer 
credit and consumer durable expenditure. 


Mowamep M. EL-SHESHAL Ph.D. Indiana 1973. 
Chance-constrained model for liquidity manage- 
ment in commercial banks. 

This thesis studies factors affecting a bank’s liquid- 
ity position. It describes how a commercial banker 
may act as a decision maker in a world of uncer- 
tainty. A key hypothesis is that the decision maker 
maximizes expected return subject to constraints dic- 
tated by a “tolerable” level of risk. The study devel- 
ops a model designed to improve efficiency in manag- 
ing the bark’s liquid assets, compared to the usual 
“rule-of-thumb” one encounters. Efficiency is judged 
on the basis of cost and ability to meet Federal Re- 
serve requirements. 


Daww E. Ervis, Ph.D. Michigan 1972. The monetary 
sector of Jamaica. 
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Davip Erickson, Ph.D. Florida State 1972. Analysis 
of tke pricing and profitability of put and call op- 
tions. , l 
The study investigates the economic nature of the 

put and call option market, the pricing of options, 
and the profitability of alternative investment strate- 
gies. It was found using an option data set of 7416 
actual transactions including both “bot” and “sold” 
premiums that option price can be explained by a log- 
linear function of duration, volatility, and price. Pur- 
chasing straddle options was found a viable strategy 
which can be expected to generate superior returns. 


Wurm H. Forter, Ph.D. Iowa State 1972. A 
method for evaluating the impact and incidence of 
state and local taxes with applications to incidence 
and educational grant-in-aid programs in Iowa. 
This dissertation uses the concept of legislative in- 

tent to assign the impact of state and local taxes of a 
state’s residents and nonresidents. Then by various 
theoretically supported shifting assumptions, the inci- 
dence of state and local taxes is determined. An appli- 
cation of the procedure yields estimates of tax bur- 
dens on Iowans and effective rate patterns among in- 
come groups. Further application of the study method 
yields differential tax incidence of various state educa- 
tional grant-in-aid programs. 


Bernard H. Frericus, Ph.D, Washington State 1973. 
A proposed public good pricing system for metro- 
politan areas. 

This thesis develops a system of user charges for 
urban public services to make the property tax reflect 
the demand for public services. The goal of this tax, 
which is generated by a multi-dimensional tax base, is 
economic efficiency. Multiple regression analysis is 
used to formulate the relationship between public 
spending and characteristic variables. Data derived 
from municipalities within the Seattle SMSA are used 
to test the feasibility of constructing the relationships. 
This system of taxation appears to be feasible. 


Cart M. Games, Ph.D. Yale 1972, The economics of 
an automated payments system. 


James F. Garri, Ph.D. Cornell 1972. Determinants of 
the percentage rate of growth of the United King- 
dom money supply: 1950-1968. 


Ricwarp F. GLeisner, Ph.D. Georgetown 1972. 
Short-run estimations of changes in the money 
multiplier and the money stock, 1957-1970. 

First differences in the money supply are subdivided 
into the contributions due to changes in the monetary 
base and changes in the money multiplier. First differ- 
ences in the money multiplier, in turn, are subdivided 
into the contributions of its determinants. Changes in 
the determinants are then estimated by least squares 
regression analysis. The R’ and standard error of esti- 
mate of the estimations of changes in the money stock 
are significantly improved over estimations based on 
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the assumption that the money multiplier retains its 
value of the previous quarter. 


Esen Z. Gurtunxca, Ph.D. Purdue 1973. A financial 
growth model. 

In tkis thesis a Keynes-Wicksell monetary growth 
model with disequilibrium in security and commodity 
markets is constructed. The money market is not ex- 
plicitly considered, but it is explained by reference to 
Walras’ Law. After having constructed the model, 
neutrality of money and the effect of a stabilization 
policy or balanced growth equilibrium are examined. 


Joux P. Hansen, Ph.D. Rice 1973. Should tax rates 
really be considered endogenous? 


Wrtam B. Harrison, Ph.D. Maryland 1972. Institu- 
tional and cash flow variability effects on commer- 
cial baak spot accounts. 

This thesis examines certain liquid assets and bor- 
rowing ( ‘spot”) accounts of 350 Fifth District banks, 
Moreover the relationships between these accounts 
and the articular sources of deposit and loan varia- 
bility are studied. The institutional characteristics of 
banks serve as proxies for nonmeasurable cost differ- 
ences from bank to bank, and these, too, are found to 
affect the relative levels of spot accounts. Discrimi- 
nant ana_ysis helps identify characteristics which dis- 
tinguish borrowing from nonborrowing banks. 


ARLINE A. Hoer, Ph.D. California (Los Angeles) 
1973. The effect of reserve requirement changes on 
bank wealth 1913 to 1960, 

Under certain conditions economic theory implies a 
negative “elation between reserve requirement changes 
and bank equity changes. Bank stock prices, used as a 
proxy for equity, were collected for all reserve require- 
ment changes between 1913 and 1960. The data were 
subject to the Chi-Square sign test, the ż-test of 
means, aid linear multiple regression analysis. The 
test results do not provide unambiguous evidence to 
support or reject the implied negative relation. 


W. Srater Horus, Ph.D. Mississippi 1972. The eco- 
nomic costs of alcoholic beverages to governments 
and texpayers: A study in public finance. 

This interdisciplinary study hypothesized that the 
economic costs of alcoholic beverages to state and 
local governments are greater than the economic reve- 
nues received. Subordinate hypotheses were that alco- 
hol is “the” or “a” primary cause of crime, accidents, 
disease, d-vorce, underemployment, and pollution and 
that they involve economic costs to governments. It 
was concluded upon testing that the hypotheses were 
valid and that the costs to governments are greater 
than the revenues by four to one. 


Perer W. Howrrr, Ph.D. Northwestern 1973. Studies 
in the theory of monetary dynamics. 
Three s:udies in disequilibrium monetary dynamics. 
Walras’ iétonnement theory is criticized as a concep- 
tual framework for analyzing monetary price dynam- 
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ics. The stability of the long-run quantity theory is 
examined using a shopkeeper system that can serve as 
a general non-Walrasian framework for monetary dy- 
namics. Keynesian short-run behavior is shown to oc- 
cur out of equilibrium even if the long-run quantity 
theory is valid. This approach provides a nonmone- 
tarist explanation of the observed correlation between 
money and income. 


Dannis J. JAcone, Ph.D. Virginia Polytechnic Insti- 
tute 1973. The National Dividend Plan: A public 
choice analysis. 

A proposal called the Nacional Dividend Plan has 
received considerable attention. The plan involves a 
proposed constitutional amendment which would 
limit the corporate income zax rate; make dividends 
nontaxable; and redistribute corporate income revenue 
to persons voting in the last preceding national 
election on a per capita basis. This study represents an 
investigation into the implications of the NDP by 
considering each of its mest significant provisions, 
thus aiding the reader in evaluating the plan and an- 
swering for himself the question of its overall merits. 


Karen H. Jomnson, Ph.D Massachusetts Institute 
of Technology 1973. Essays in monetary theory and 
policy. 


Raymonp M. Joxunson, Ph.D. Oklahoma State 1973. 
The empirical question of money illusion in the 
United States: Its implications for a Patinkin type 
model. 

The present study considers the implications which 
the presence of money ilusion has for Patinkin’s 
model, and estimates the cegree of money illusion 
present in the economy. This involves the specification 
and estimation of a consumption function which uses 
the Kane-Klevorick price parameterization technique 
to estimate the degree of money illusion. The model is 
based on Patinkin’s specification and includes perma- 
nent income, the interest rete, and real balances as 
independent variables. 


Joan F. Jounston, Ph.D. Duke 1972. Toward a 
positive theory of redistributional public expendi- 
tures. 


Davin H. Jones, Ph.D. Texas (Austin) 1972. The 
transmission of the effects of an open market opera- 
tion, 

Ratios of their “quick” funds net to their total de- 
posits-net—credit tightness ratios—were calculated for 
the weekly reporting banks in each Federal Reserve 
District and for those in New York City for the pe- 
riod July 1966 through December 1972. The credit 
tightness ratios of the weekly reporting banks in each 
Federal Reserve district is then expressed as some 
function of the credit tightness ratio of the N.Y.C. 
weekly reporting banks. Using the polynomial distrib- 
uted lag model, final estimating equations for the 
credit tightness ratios of the twelve Federal Reserve 
Districts were obtained. 
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Martin E. Jupp, Jr, Ph.D. Oklahoma’ Stat 


. ch thie ft 
The demand for money by state and local govern- 


SNS 
rae 


In this study, widely accepted aggregate demand~ 


ments. at 


for money hypotheses are tested for the state and 
local government sector, the states of Washington and 
Wisconsin, and Northampton County, Pennsylvania. 
The periods of the study are: state and local govern- 
ment sector, 1957-68; state of Washington, 1957-68; 
state of Wisconsin, 1960-66; and Northampton 
County, 1964-68. The testable hypotheses are de- 
rived from the Keynesian motives approach to the de- 
mand for money. 


Hersert M. Kaurman, Ph.D. Pennsylvania State 
1972. Price expectations and the demand for 
money: The American experience of creeping infa- 
tion, 1967-1970. 


Sam R. Krerry, Ph.D. Oklahoma State 1972. The ex- 
istence of a long-run reaction function of the mone- 
tary authorities. 

Implicit in the concept of a reaction function is the 
fact that it must apply on a temporally consistent ba- 
sis. Since stability per se has received essentially su- 
perficial treztment, it was the purpose of this study to 
investigate whether the evidence supported the exis- 
tence of a stable reaction function of the monetary 
authorities for the period 1951III to 1969IV. The sta- 
bility tests employed were moving regression analysis 
to which confidence intervals were applied, the Chow 
test, and the generalized dummy variable test. Tem- 
porally stable reactions to employment and price sta- 
bility objectives were found. 


James M. Kenney, Ph.D. Stanford 1972. Credit 
availability and consumer investment in durable 
goods: The case of automobiles. 

An aggregate structural model of the automobile 
loan market is formulated and tested (using quarterly 
time-series data for 1957-70) in order to assess the 
quantitative impact of changes in monetary policy on 
automobile expenditure. The lagged adjustment of the 
automobile loan rate is posited and is substantiated, 
by the data. The resultant need for nonprice rationing 
in the automobile credit market is found to magnify 
the short-run impact of tight monetary conditions. 


CHANDRA P. Kxetan, Ph.D. McMaster 1973. Econo- 
metric model of the Indian monetary sector. 

A quarterly econometric model of the monetary 
sector of India is constructed. The modél estimates 
using quarterly time-series for national income and its 
components are developed. Eight behavioral equations 
are estimated for the demand and supply of six prin- 
cipal financial assets. Seasonal variations in some 
monetary aggregates are dependent on seasonal vari- 
tions in agricultural income and output. The price 
level apneavs sensitive to changes in the high-powered 
money supply. 
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Donato W. Kierer, Ph.D. Purdue 1972. Economies 
of scale in the provision of urban governmental ser- 
vices: An examination of city-county consolida- 
tions. 

This study develops and illustrates a technique for 
examining governmental reorganizations to determine 
whether scale economies are achieved. The technique 
is illustrated by application to two public services in 
two city-county consolidations. The public services 
analyzed are government administration and primary 
and secondary education; the consolidations are in 
Virginia Beach, Virginia, and Nashville, Tennessee. 


In Ke Km, Ph.D. Maryland 1972. The sources and 
changes in the stock of money in the case of Korea 
1954 to 1969. 


Grecory C. Kromm, Ph.D. Virginia Polytechnic Insti- 
tute 1973. An economic analysis of municipal an- 
nexation policy: Approached from the theory of 
fiscal clubs. 

Annexation is one of the major means by which the 
service areas for local public goods are altered. This 
dissertation examines the variation in state statutes 
dealing with annexation. It attempts to interpret the 
legal criteria for annexation in the light of academic 
theory, especially recent theories dealing with the op- 
timal organization of local “fiscal clubs.” Although all 
states are surveyed, special emphasis is placed upon 
the particularly interesting case law which has 
evolved in Virginia. 


Finn E. KYDLAND, Ph.D. Carnegie-Mellon 1973. De- 
centralized macroeconomic planning. 


Juran E. LaGrann, Ph.D. Pennsylvania 1972. An 
investigation of the utility function implicity in 
government taxation and expenditure decisions. 


DaniEt J. LARKINS, Ph.D. Georgetown 1973. Defen- 
sive and dynamic lags in open market operations. 
A reduced form model is used to estimate the lags 

between GMO and changes in the money stock during 

the 1960’s. The results suggest that, contrary to the 
findings of other investigators, the lags are not so long 
as to vitiate discretionary monetary policy. 


Jonn E. McCain, Ph.D, Oklahoma State 1973. Ex- 
penciture response of local governments to external 
grants-in-aid. 

This study examined the question of how local gov- 
ernment expenditure levels on major functions 
changed as a consequence of receiving external grants- 
in-aid. An answer was sought as to whether aid recip- 
ients substitute outside funds for local funds, or 
whether the aid acts as a stimulant to expand local 
spending from locally raised resources. Hypothetical 
responses were tested empirically by the use of statis- 
tical linear regression analysis to estimate the actuel 
expenditure response, and the extent to which this re- 
sponse conformed or deviated from the a priori theo- 
retical model. 
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Marvin McCray, Ph.D. Oregon 1973. Comparative 
investment performance of bank pooled trust ac- 
counts and mutual funds. 


J. Huston McCuLrrocH, Ph.D. Chicago 1973. An es- 
timate of the liquidity premium. 

The l-quidity premium is estimated using the as- 
sumption of unbiased forecasting. Although the expec- 
tations hypothesis is far from applicable for forward 
interest -ates of short duration, it cannot be shown to 
be wronz for forward rates of long duration. When a 
form that increases at a decreasing rafe is imposed on 
the liquidity premium as 2 function of maturity, the 
premium. becomes virtually negligible for forward 
loans of more then a few years duration. 


Metvirre L. McMrran, Ph.D. Cornell 1973. Juris- 
dictioms, grants, and public good supply in a fiscal 
federalism. 


Epwarp Marca, Ph.D. City University of New York 
1973. Performance and characteristics of bank-ad- 
ministered commingled equity funds for employee 
ben2i: plans, 1962—1970. 

This study investigates the performance and charac- 
teristics of thirty-seven commingled pension funds 
during ihe period 1962 through 1970. Employing 
methcdclogy similar to the recent SEC study, it was 
found tkat, adjusted for risk (the mean beta was .96) 
average portfolio return for these funds was a 1.6 per- 
cent par annum worse than pure random selection 
would dave produced. Of the thirty-seven funds, 
thirty did worse than totally “unmanaged” portfolios, 
It was clso found that portfolio turnover, bank size, 
fund size and size growth rate were irrelevant to per- 
formance., Also there was no consistency in year-to- 
year performance by any of the thirty-seven institu- 
tions. 


Cravron G. Mamet, Ph.D. Kentucky 1973. The 
short-zerm fluctuations of regional housing and 
mortgage markets. 

This dissertation is concerned with the problem of 
explaining regional variations in the short-housing cy- 
cle. The focus is on the financial aspects of these fluc- 
tuations as they are manifested in regions. 


James B. Marss, Ph.D. Chicago 1972. A theory and 
estimétion of gold supply: The case of South Af- 
rica, 1956-1966. 

The study integrates the theories of multiple out- 
puts, natural resource exhaustion, and gold supply 
into a general theoretical model of mining production. 
The model is then tested against data from the South 
African gold-uranium industry, and short-run gold 
supply elasticities are computed. 


Greorcr R. Meanows, Ph.D. Washington (St. Louis) 
1972. Residential property values and local public 
budgets: An empirical study of the capitalization of 
local property tax and expenditure ‘differentizls. 

_ This study investigates the capitalization of inter- 
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community differentials in property taxes and local 
public services into the valve of residential dwellings. 
A household location mode illustrates the expected 
theoretical relationship, The empirical model proceeds 
from the concept of housing as a composite commod- 
ity defined over dwelling and community characteris- 
tics. The empirical results a-e generally supportive of 
the capitalization hypothesis. The results indicate that 
certain property tax reforms may result in important 
changes in property values. 


LAWRENCE J, Murray, Ph.D. McMaster 1973. An 
analysis of the demand fcr Government of Canada 
marketable debt. 

This thesis provides a systematic analysis of the 
portfolio behavior of the principal holders of Govern- 
ment of Canada securities. Nongovernment partici- 
pants in the market for these securities are chartered 
- banks, nonbank financial institutions and nonfinancial 
corporations. A theoretical model of portfolio behav- 
ior is specified. Changes in the portfolio structure of 
these institutions over time are examined. Economet- 
ric techniques are used to evaluate the principal deter- 
minants of the demand for Government of Canada 
securities by each institution. 


Witrrirep R. Murta, Ph.D. Southern Methodist 1973. 
An econometric model tc evaluate monetary and 
fiscal policies in Germany. 

This dissertation presents an econometric model for 
the evaluation of monetary and fiscal policies in West 
Germany. For the-estimation, quarterly data are used 
covering the period 1957-70. 


Forest E. Myers, Ph.D. Kaasas State 1972. Differen- 
tial industry impact of monetary and fiscal policies: 
An interindustry model. 


Fernanpo E. Naranjo, Ph.D. Pennsylvania 1973. A 
macroeconometric model of fiscal policy for Costa 
Rica. 


Joun A. Neri, Ph.D. Maryland 1973. Income expec- 
tations and the accumulation of real cash balances. 
Short- and long-run income expectational elements 

are combined and applied to money demand. Ex- 

pected income hypothesis is a generalization of 
adaptive expectation scheme in that adaptive, regres- 
sive, and extrapolative forces are combined. The objec- 
tive is to determine whether holdings of cash balances 
are adjusted to expected short- or long-run income 
position, Distributed lags on current and past values 
of income are estimated via polynomial interpolation. 

I conclude that holdings of real balances are adjusted 

to short-run rather than long-run income position. 


Douctas A. NETTLETON, Jr, Ph.D. Oklahoma State 
1972. The impact of deposit variability on average 
labor cost in commercial benking. 

This dissertation seeks to escertain whether deposit 
variability is a determinant of average labor cost in 
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commercial banking. Cost and deposit level data from 
the Federal Reserve reports of a sample of forty 
banks were used. So as to distinguish the impact of 
deposit variability on average labor cost from the im- 
pact of bank size on average’labor cost, banks in the 
sample are divided into five size categories. Cost func- 
tions are then estimated. Average labor cost was posi- 
tively related to deposit variability. 


Expon J. Nosart, Ph.D. Kentucky 1972, National 
bank entry. 

This study argues that fixed entry standards are a 
more desirable method of controlling rates of entry 
into banking. If fixed entry standards are to be uti- 
lized, knowledge of the determinants of desired entry 
into banking is required. This study is an initial at- 
tempt to investigate such determinants through the 
development of a national bank entry function. The 
main conclusion is that the expected rate of return in 
banking derived from histerical data is statistically 
significant in explaining the variability of desired na- 
tional bank entry. 


Louis E. Noyp, Ph.D, Oregon 1973. An empirical test 
of government’s demand for money: The local gov- 
ernment case. 


Tom OBERHOFER, Ph.D. Rutgers 1973. The redistri- 
butive effect of the federal income tax: A time-series 
and cross-section study. 

The redistributive effect of major federal personal 
income tax components is estimated from time-series 
and cross-section samples. The Gini coefficient mea- 
sures income concentration. Exemptions, combined ex- 
emptions and deductions and tax rates contribute to 
the progressivitvy of the tax while the inclusion of de- 
ductions decreases the progressivity of the tax. The 
redistributive effect of tax components varies as sam- 
ple mean income varies. 


Bruno A. Oupet, Ph.D. Indiana 1972. An examina- 
tion of returns on financial assets during periods of 
inflation. 

Hypotheses on the variation of returns of financial 
assets in periods of inflation are formulated from the 
existing thecries and tested empirically. The justifica- 
tions of the proposition that stocks are a good hedge 
in periods of inflation are reexamined, and it is shown 
that various time patterns of variations of stock 
prices are in fact possible. The analysis reveals that, 
whereas in the long run stocks do provide a perfect 
hedge against inflation, falling stock prices can be 
quite consistent with the theory in the short run. 
Seung On Parx, Ph.D. Kentucky 1972. The tax ex- 

porting adjustment in interstate comparison of tax 

burdens. 

Business and personal shares of state-local tax reve- 
nue are estimated for fifty-one states for 1967. Be- 
cause business tax exporting can be influenced, but 
importing cannot, states with lesser emphasis on busi- 


1096 THE AMERICAN ECONOMIC REVIEW 


-= ness taxes and/or lower business values per capita 
have family tax burdens that are higher than is sug- 
gested by the taxes-per-capita measure. 


Josera E. Pruta, Ph.D. Texas (Austin) 1972. 
Growth and patterns'in U.S. government expendi- 
tures, 1956-1970. 

This study analyzes the growth and changing pat- 
terns in U.S. public expenditures between 1956-70. It 
updates past budget studies and combines the scat- 
tered literature of the past fifteen years on aspects of 
the public budget. The growth in outlays is examined 
to determine the relative shift in priorities to domestic 
areas. To the extent that relative changes in the bud- 
get have proceeded in the direction of education, in- 
come maintenance, housing, public health and have 
been the result of intense federal legislative action, 
this change in priorities is termed a Social Revolution. 


Error Poncuicx, Ph.D. Southern California 1973. 
The effects of monetary and fiscal policy on the dis- 
tribution of wealth in America. 

This research is an inquiry into the wealth distribu- 
tional effects of government policy that operate indi- 
rectly through interest rates and the price level. To 
find how wealth is distributed an individual’s portfo- 
lio selection process is explored, This selection process 
is a function of the amount and kinds of information 
concerning market activities he possesses. It is shown 
that the larger the portfolio the greater the incentive 
to acquire information. Optimal purchasing times are 
earlier and returns greater, the larger the portfolio. 


Mary E. Riner, Ph.D. Iowa State 1973. A simulta- 
neous equation model to determine the rate of in- 
flation. 

This study concerns itself with the direct effect of 
changes in the money supply on.wages and prices in 
the context of a simultaneous equation system. To do 
this an eight-equation quarterly macromodel of the 
United States was formulated and estimated from 
1952 to 1969. The model was taken into its derived 
reduced form and the matrix of reduced form coeffi- 
cients computed from which several observations 
about the economy were made. 


Epmunp J. Rorro, Ph.D. West Virginia 1972. The 
financing of highways in West Virginia with sugges- 
tions for reform. 


Jayanta Roy, Ph.D. California (Berkeley) 1972. A 
model highlighting fiscal and monetary policy 
effects in India 1950-1965. 


Frank S. Russek, Jr., Ph.D. Maryland 1972, The | 


Tax Reform Act of 1969: A study of its relative 

impact on housing investment. 

This study estimates the differential effect of vari- 
ous tax reforms on investment in housing and other 
durable assets. Micro-simulation models are used to 
calculate the tax-induced changes in the present val- 
ue of apartment buildings, office buildings, and pro- 
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ducers’ equipment. Macro-simulation experiments are 
performed with a variant of the FRB-MIT economet- 
ric model to determine how different tax provisions 
alter investment in housing, producers’ structures, and 
equipment when overall investment is held constant. 


MicHazi Sarris, Ph.D. Wayne State 1972. An analy- 
sis of the findings for monetary and fiscal policy in 
reduced form macroeconomic models. 


Rocer V/. ScH#MENNER, Ph.D. Yale 1973. City taxes 
and industry location. 


Joan B Sxwoven, Ph.D. Yale 1973. General equilib- 
rium with taxes: Existence, computation, and a 
capital income taxation application. 


Wirtmam G. Surrtey, Ph.D. Iowa 1973. The evolution 
and structure of the national banking system, 
1870-1913. 

The p2riod of 1870 through 1913 was one of rapid 
economic development and industrial transformation 
in the history of the United Utates. The role of the 
national banking system in facilitating this develop- 
ment and transformation has long been the subject of- 
debate. H was often suggested that the national banks 
were relatively ineffective in transferring financial 
capital from the more industrialized regions—the New 
England, Middle Atlantic, and later, East North Cen- 
tral regions—-to the more rapidly developing southern 
and weszern regions. The present study is concerned 
with developing a basis for more accurate evaluation. 


Sunc Won Son, Ph.D. Pittsburgh 1972. Certificates 
of deposits in liability management. 

The irst two chapters are devoted to the discussion 
of the development of various money market instru- 
ments rd their contributions to commercial bank lia- 
bility menagement. The core of the dissertation is the 
third chapter which develops the theory of liability 
portfolio selection using the mean-variance approach 


‘to Tobin-Markowitz. Chapter four attempts to obtain 


empirical support for the theory developed earlier. Fi- 
nally, tae entire study is summarized in chapter five. 


Larry V. Sr. Louis, Ph.D. Oregon 1972. Price expec- 
tations and the term structure of interest rates. 


Howarp K. Sroxes, JR, Ph.D. Georgetown 1973. 
Portfo.io theory: The estimation of indifference 
curves for government securities, 

The dissertation attempts to estimate a risk return 
preference function in the Tobin-Markowitz tradition. 
Data for six maturity classifications and seven finan- 
cial intermediaries were taken from the U.S. Treasury 
Survey of Ownership of Government Securities. A 
CES utility function was used in the estimation. The 
results indicate a stable, but yet concave, preference 
function. An extension is then presented to the analy- 
sis of the term structure of interest rates. 


GeraLo W. STONE, JR, Ph.D. Rice 1973. The fiscal 
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feasibility of land value taxation in urban metro- 
politan communities. 


RAINER StupeEr, Ph.D. Florida State 1973. An empiri- 
cal analysis of the debate.over rules versus discre- 
tion with special reference to the monetary manage- 
ment of the German Bundesbank from 1958 to 
1970. * 

An attempt to evaluate performance of strategies 
propounded for monetary policy which use the money 
supply as indicator. Strategies considered are “fixed” 
rules, which confine the growth of the money stock to 
some constant rate; ‘flexible’ rules, which employ 
formulas to establish required change in money stock 
and discretion, represented by actual responses of the 
monetary authority. The study compares their poten- 
tial success in minimizing the gap between actual and 
desired state of the economy, 


Wayne K. Tatizy, Ph.D. Kentucky 1972. A model 


for distributing state aid to local school districts. 


Rosert D. Totten, Ph.D. Texas (Austin) 1972. Bank 
asset management and the monetary policy lag. 
The dissertation is an attempt to explain the behav- 

ior of the monetary policy Jag through an investiga- 
tion of the portfolio behavior of the banking system. 
The technique used is regression of the rate at which 
banks accommodate loans on the monetary lag in 
effect. This procedure requires generation of data re- 
flecting the rate of change of loans, and extraction 
from this data-set of a behavioral variable for each 
observation over the business cycle. These behavioral 
variables represent the set of observations of loan ac- 
commodation which are regressed on the monetary 
lag. 


Yatcin Tuncer Ph.D. Pittsburgh 1972. Portfolio 
analysis with indirect utility. 

This dissertation attempts to determine an optimal 
portfolio beyond the mean-variance analysis. The un- 
derlying rationale relates to the generalized risk aver- 
sion which depends upon functional forms of utility 
and existing moments of prcbability distributions, Us- 
ing a specific utility functicn and the first four mo- 
ments of an illustrative sample of common stocks, an 
empirical study is conducted. Given identical means 
and variances, the above aversion is found to imply a 
preference for positively skewed platykurtic portfo- 
lios. 


TerRY L. Turner, Ph.D. Carnegie-Mellon 1973. A 
theory of imperfect markets and of the demand for 
money. : 


Tuomas J. VALENTINE, Ph.D. Princeton 1972. An 
economic analysis of the Australian monetary sec- 
tor, 

This study describes a medium-sized quarterly 
econometric model of the Australian economy which 
was constructed with special emphasis on the mone- 
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tary sector of the economy. Special attention is given 
to the behavior of the Australian equivalent of the 
U.S. commercial banks, the trading banks, and to the 
effect of this behavior on the real sector of the econ- 
omy. The trading banks use the overdraft method of 
lending, and this factor is of central importance in. the 
analysis. The final chapter of the study describes the 
complete model and presents equation estimates ob- 
tained by simultaneous equation techniques. 


Epwarp E. Veazey, Ph.D. Michigan State 1973. Aggre- 
gation bias in the demand for money. 


Georce M. VREDEVELD, Ph.D. Indiana 1973. Income 
redistributive effects of subsidizing public higher ed- 
ucation in Indiana. 

There has been a long tradition of subsidizing 
higher education in the United States. Yet, higher ed- 
ucation subsidization policy suffers from a lack of se- 
rious economic review and analysis, The lack of anal- 
ysis partly explains the situation in which educators 
agree that subsidizing education increases the quantity 
of education consumed but disagree about whether 
subsidizing education encourages a more equal distri- 
bution of income. This income-redistributive aspect of 
subsidizing higher education, which warrants serious 
study, is the focus of this dissertation. 


Davi R. Weinserc, Ph.D. California (Berkeley) 
1973. The effects of state sales taxation on prices, 
income, and employment. 


Bernard L. WEINSTEIN, Ph.D. Columbia 1973, The 
adequacy of the state tax base to support elemen- 
tary and secondary education in 1980. 

School enrollments and per pupil expenditures are 
projected by state to 1980 to determine the demands 
on the stat2 fiscs, Market property values and per- 
sonal income are projected by state to 1980 as mea- 
sures of fiscal capacity. It is found that for thirty- 
seven of the fifty states, school costs expressed as a 
percentage of personal income should be lower in 1980 
than in 1970. The case is made for full state financing 
of education. 


Joan A. WENNINGER, Ph.D. Washington (St. Louis) 

1972, Political economy of monetary policy. 

This research focuses on the limitations of conven- 
tionally defined monetary policy. Two types of prob- 
lems complicate monetary policy with respect to the 
systematic ettainment of the conventional objectives. 
These problems are structural constraints and the 
Federal Reserve's “support functions.” A single model 
is incorporated to illustrate the possible implications 
of these “constraints” on the Federal Reserves behav- 
ior. This research results basically in a study of the 
Federal Resarves behavior from 1962 through 1971. . 


Josera E. Warrsreap, Ph.D. Syracuse 1973. A test of 
a total reserves based open market operations strat- 
egy for the Federal Reserve System, 1953-1969. 
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This is an empirical test of the feasibility of an 
open market strategy which employs total reserves as 
its near term target so as to control bank credit. The 
test was conducted over the years 1953-1969 using a 
monthly, non-linear model of the bank credit market 
patterned after the Brunner-Meltzer non-linear 
money supply hypothesis. It was found that gross 
national product was significantly influenced by the 
level of bank credit outstanding. 


Joun E. Wuattry, Ph.D. Yale 1973. A numerical 
assessment of the April 1973 tax changes in the 
United Kingdom. 


CHARLES E, Zecu, Ph.D. Notre Dame 1973. Regres- 
sivity and the property tax: Alleviation and trade- 
offs. 

This study is concerned with analyzing means for 
reducing the regressivity of the residential property 
tax. To this end, Minnesota state data are used to test 
two types of property tax relief programs: property 
exemptions, and the property tax credit. The property 
tax credit is shown to be more successful at alleviating 
regressivity at a reasonable cost to the state. 


International Economics 


Joun M. Asspotr, Ph.D. Tulane 1973. An investiga- 
tion into the determinants of U.S. direct invest- 
ment: 1950-68. 

A simultaneous equation model of supply and de- 
mand for U.S. direct Investment abroad is specified 
and estimated. The supply function includes the rate 


of return on domestic investment, the rate of return. 


on foreign investment, and changes in the domestic 
flow of savings. The demand for direct investment is 
derived from a portfolio stock adjustment model. The 
model is applied to several countries. In general, 
changes in the level of GNP in the foreign country 
and changes in U.S. domestic savings are the domi- 
nant explanatory variables, 


Biyan B. AGHEviI, Ph.D. Brown 1973. A model of 
the balance of payments and the money supply un- 
der the Gold Standard Regime: United States 
1879-1914. 

A theoretical open model is developed and tested 
econometrically to investigate the interaction between 
the real and monetary sectors, It is shown that con- 
trary to the Cagan, Friedman, and Schwartz positian, 
there were strong feedbacks from the real sector af- 
fecting the money supply through the balance of pay- 
ments. The capital flows are shown to move procycli- 
cally (verifying Mundell’s and Williamson's position), 
even though they were dominated by the anticyclical 
movements of the trade balance, 


Marcorm D. Bate, Ph.D. Wisconsin (Madison) 1973. 
Adjustment to freer trade: An analysis of the ad- 
justment assistance provisions of the Trade Expan- 
sion Act of 1962. : 
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Hassaw ©. Barkey, Ph.D. New Mexico 1973. Inter- 
nationel trade and income distribution: A 3x3 
moda, ` l 
A system is devised to rank commodities according 

to factcr intensities when three factors are employed 
to produce three commodities. Some of the resulis rig- 
orously analyzed in the 2x2 model are extended to the 
3x3 model. The thesis employs the 3x3 model to ana- 
lyze the cost of income redistribution when interna- 
tional zrade tools are employed for that purpose. 


Barouca Ben-Zion, Ph.D. Oregon 1973. Alternative 
concepts of export diversification: An application 
to the analysis of export growth. 


Taran K. Biswas, Ph.D. Rochester 1973. Nonshifta- 
ble cepital and imported inputs in economic growth 
and international trade. . 
Econeriic growth in a trading economy has been 

discussei in the context of a nonshiftable capital 
structure. I have examined the significance of the my- 
opic decision rule and have proved the stability of the 
long-run equilibrium when such a rule for investment 
allocatior. is adopted. Lastly, I have examined the role 
of imported inputs in a trading economy where capi- 
tal is nct shiftable. 


Arye Exumserc, Ph.D. Chicago 1973. Eurodollars 
and the balance of payments: Some empirical evi- 
dence on two.types of fractional Euro-dollar effect 
on tke official settlements balance of the United 
States. 

The tkesis develops a quantitative framework for 
monetéry approach to balance of payments. Demon- 
strates role of Euro-dollar reserve ratio by estimating 
fractional slopes af Official Settlements functions vis- 
a~vis Canada, Japan, eight European countries, using 
difference between Euro-dollar credit creation and 
Euro-dcllar creation, termed conversions, as the inde- 
pendent. variable. I demonstrate that in European case 
true Official Settlements balance is indeterminate 
within fractional range because of Euro-dollar depos- 
its of moaetary authorities, 


Rogerr W. Boatrer, Ph.D. Cornell 1973. Trade the- 
ory predictions and the growth of Mexico’s manu- 
facture: exports. 


Rocer =. Bove, Ph.D. Harvard 1973. Programming 
foreign aid with diminishing returns to investment. 
This is a.study of Chenery’s two-gap model using a 

variable .ncremental capital-output ratio and a non- 

linear ckjective function. Evidence is presented to 
show tkat the usual assumption’ of a constant incre- 
mental cépital output ratio is untenable. A capital ac- 
cumulation function due to Robert Dorfman is intro- 
duced and explained. Finally non-linear programming 
the mcdels for a 22-year plan are solved by Abadie’s 

GRG method. Unlike its linear predecessors the model 

yields multiple-peaked capital flows but the three re- 

sults dus to Chenery and MacEwan stand. 
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I. Bryan, Ph.D. Alberta’ 1972. Essays on transporta- 
tion and trade. . 


Taar Van Can, Ph.D. Mickigan State 1972. Capital 
flows and international ad, ustment. 

This thesis uses a one-cour:try model similar to Pa- 
tinkin’s as well as a two-couxtry model to investigate 
the effectiveness of fiscal and monetary policy (con- 
-sisting of changing outside end inside money) under 
the hypothesis that international capital flows influ- 
ence aggregate demand by changing the level of real 
balances. Fiscal and monetary policy are generally 
found to be effective in each of the models. 


Francisco R. Casas, Ph.D. Western Ontario 1973. 
Intermediate goods and the theory of international 
trade. 

A survey of the recent trade literature reveals three 
major interpretations of the nature of intermediate 
goods: interindustry flows; pure intermediate prod- 
ucts; and imported inputs. The thesis brings these in- 
terpretations closer to each sther and provides some 
insights into the theory of intermediate goods in the 
context of international trade by investigating the 
general equilibrium properties of various two-sector 
models incorporating such goods. 


Donatp M. CuHarrer, Jr, Ph.D. California (Davis) 
1972. A contribution to customs union theory. 


Joun W. CHampsers, Ph.D. Claremont School 1972. 
Britains balance of trade and the 1967 
devaluation: A case study of the efficacy of devalu- 
ation in correcting a trade deficit. 

The devaluation of the pound in November 1967 
was accompanied by a number of other policy 
changes designed tò reduce domestic demand (absorp- 
tion), and hence contribute to an improvement in the 
balance of trade. This study is an attempt to isolate 
the impact of the devaluation, and to judge its effec- 
tiveness in improving Britain’s balance of trade. 


Cui-Mrvc CHENG, Ph.D. Vale 1973. The determi- 
nants of international trade of manufactures: An 
empirical study. 


Esueru Crore, Ph.D. Syracuse 1973. Import substi- 
tution in practice: The case of the Ethiopian textile 
industry. 

Import substitution has been the major strategy of 
industrialization in many underdeveloped countries. 
During the initial phase imports are curtailed (gener- 
ally by a tariff wall) and production is geared toward 
Satisfying domestic demand. When this is achieved 
there is need to move into the second phase—produc- 
tion of capital and intermed:ate goods, or production 
for export, or both. This paper attempts to assess var- 
ious effects of import substitution in the Ethiopian 
textile industry. 


YeI-cHou Berry Cavu, Ph.D. Notre Dame 1973. 
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Variable factor supplies and the pure theory of in- 

ternational trade. 

The traditional fixed factor supplies assumption is 
abandoned. With the assumption of variable factor 
supplies and newly designed graphical analysis, vari- 
ous interesting points are found. Some findings are 
paradoxical in the light of ordinary economic theory. 
One of these is that output of a good responds per- 
versely to Its price. Another surprising contribution 
concerns specialization behavior in trade theory, 
namely, the country might go back to incomplete spe- 
clalization after reaching complete specialization under 
certain conditions. 


Davin S. CLEAVER, Ph.D. Illinois (Urbana) 1972. A 
mathematical model of devaluation and relative 
price changes applied to Denmark in 1967-1968. 


Scott F. Crow, Ph.D. Ilinois (Urbana) 1972. Trade 
and growth: A test of alternative theories. 


Francis J, CoLerta, Ph.D. Fordham 1973. An econo- 
metric study of United States-Canada short-term 
capital flows. 

This dissertation measures the sensitivity of the 
short-term capital flow (between the United States 
and Canada, 1959-70) to the forces charged with its 
determination by the theory of short-term capital 
flows. These forces include interest rate differential, 
portfolios, money stocks, investment, prices, trade bal- 
ance, and fiscal policy. Specification of the relation- 
ship between each variable and short-term capital 
flow is established by a review of the literature of 
theoretical and empirical studies. 


Rate K. Cowan, Ph.D. Michigan 1972. Effects of 
the United States-Canadian automotive agreement 
in Canada’s manufacturing trade.and price pro- 
gram. 


Witttam P. CULBERTSON, Jr., Ph.D. Texas (Austin) 
1972. The burden of balance-of-payments adjust- 
ment. 

This dissertation attempts to accomplish three 
goals. First, I survey the literature on the distribution 
of the international “burden” of balance-of-payments 
adjustment. Second, the relevant features of this liter- 
ature are subjected to critical scrutiny, and the valid- 
ity of the composite view of adjustment burdens is 
assessed. Finally, I find that the burden of interna- 
tional adjustment is always “shared” to some degree 
by the various nations involved. I conclude that the 
incidence has been largely visited upon the major sur- 
plus countries. 


Jame R. Daremsium, Ph.D. Fletcher School 1972. 
Proposals for a general increase in the price of 
gold: An analysis. 


GrorcE E. Draxos, Ph.D. Rochester 1973, Policy and 
the balance of payments. 
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The first part of this dissertation explores the effects 
on the balance of payments of the substitution of an 
equivalent value-added tax for the corporate income 
tax using a 2x2 and a 3x2 model of international 
trade for a small country. The second part uses an 
input-output model and investigates the price changes, 
following the tax change, and the resulting change in 
the balance-of payments using Greek data. 


Ropert A. Exvson, Ph.D. Columbia 1973. Exchange 
rate policy and the performance of traditional ex- 
ports in Argentina, 1946-1970. 

This study shows the effects of changes in exchange 
rate policy on traditional exports in Argentina during 
the postwar period, before and after 1955. During 
the first phase, when traditional exports stagnated, ex- 
change rate policy overvalued the Argentine peso vis- 
à-vis other currencies. However, during the second 
phase, when exchange rate adjustment was frequently 
_used, traditional exports recovered. Theoretical and 
empirical results are presented in terms of a model of 
traded and nontraded goods. 


Nası C. M. Farras, Ph.D. California (Berkeley) 
1972. Methodological and implementational issues 
-in the design of international economic relations. 


Jerry A. FepELer, Ph.D. Iowa State 1972. An analy- 
sis of commodity aid and policies to eliminate its 
negative effects upon the commercial market. 

Gross regative effects of foreign aid commodities 
are analyzed when aid displaces the recipient’s pro- 
duction. An input-output model is used to show the 
distribution of negative effects among sectors of the 
Indian economy, Four policy alternatives to eliminate 
the losses in income arising from the negative effects 
are considered, One is a new application of a differen- 
tiated market. Monetary effects of concessional sales 
for the recipient’s currency are shown to be an empir- 
ical question. 


WARREN L. FisHer, Ph.D. Connecticut 1973. Pro- 
cesses in line, American agriculture, and the Leon- 
tief Paradox. 

Following a thorough review of the literature of the 
Leontief Paradox, the Paradox is reexamined in light 
of Georgescu-Roegen’s recent observation that parallel 
processes (such as agriculture) are overcapitalized rel- 
ative to in-line processes. The upshot is that 
Leontief’s estimates could have been biased by the ex- 
istence of parallel-process industries in the United 
States. A method for estimating this bias is devel- 
oped; data limitations prevented estimates. 


` ÅLLEN B. FRANKEL, Ph.D. Oregon 1973. A borrower- 
oriented model of U.S.-Canadian long-term fixed- 
interest capital flows, 


' Joun H. Garmriot, Ph.D. Carnegie-Mellon 1973, 
Long-run determinants of the distribution of inter- 
national monetary reserves. 
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Daviy H. Gepprs, D.B.A. George Washington 1972. 
U.S. direct investment overseas, 1968-1970: An 
analysis of corporate financial decision making as 
affected by the U.S. foreign direct investment pro- 
gram. 

This dissertation establishes the optimum use of 
program allowables, the level of program constraint, 
and the minimum amount of long-term foreign bor- 
rowing 3se required to comply with the provisions of 
the Foreign Direct Investments Program for the years 
1968-70 Computer modeling techniques are used, 
and ind:vidual company model results are statistically 
measured against actual company results. 


Karme S. Girpert, Ph.D. Louisiana State 1972. An 
evaluction of the association between Greece and 
the European community. 


MANUEL Gurras, Ph.D. Chicago 1973. Devaluation, 
monetary policy, and the balance of payments. 

A gereral equilibrium model shows how the gov- 
ernment, by using aggregated demand policies, tempo- 
rarily influences economic activity. In the long run, 
however, aggregate supply determines output and em- 
ploymert levels. International reserves are lost 
(gained: during the adjustment process due to policies 
which k2ep aggregate demand above (below) its long- 
run sustainable level. Such policies, if maintained, in- 
ducé expectations of exchange rate changes. The self- 
fulfilling character of these expectations will force the 
government to devalue or revalue, thus neutralizing 
its previnus demand policies. 


Joun J Hampton, D.B.A. George Washington 1971. 
Curreacy appraisal aspects of Euro-bond financing. 
This study examines the factors which affect the 

costs of borrowing in different currencies for Euro- 

bond firancing. It includes a background study of the 

Euro-Ecnd market, a review of currency appraisal lit- 

erature, a study of forecasting future exchange-rate 

adjustm2rts, and a computer-based model for measur- 
ing the effective cost of Euro-bond financing. 


Ricwars J. Herre, Ph.D. Princeton 1973. Interna- 
tional financial integration: Capital flows and inter- 
est raze relationships among six industrial nations. 
Starting with the expected value maximization of a 

negative exponential utility function, equations for a 

two-country financial. balance sheet ‘are derived and 

the implications for capital flow and interest rate 
equatiors are deduced. Capital flow and interest rate 
equatiors are estimated for Canada, Germany, Italy, 

Japen, -he United Kingdom, and the United States. 

Finally hese empirical results are put together to con- 

struct an interdependent model of capital flows and 

interest rates. 


MaxweEczt W. Huporns, JR., Ph.D. Virginia 1973. Cur- 
rency exchange rate fluctuations under a system of 
stabilization funds: The case of the pound-dollar 
rate, 1931-1938. 
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This study uses least squares regression analysis to 
investigate the fluctuations in the pound-dollar ex- 
change rate from 1931 to 1938, emphasizing the inter- 
vention activities of the British Exchange Equalisa- 
tion Account and the American Stabilization Fund. It 
is concluded that only the Eritish Account had a sig- 
nificant effect on this rate. I also analyze whether or 
not competitive devaluations were pervasive in the 
1930’s and the implications cf the Tripartite Currency 
and Gold Agreements. 


Lacy Hunt, Ph.D. Temple 1969. The Euro-dollar 
market capital flows, and the U.S. balance of pay- 
ments: An econometric study. 


Rospert R. Jounson, Ph.D. Oregon 1973. Uncer- 
tainty in a general equilibrium model of interna- 
tional trade. 


Frep R. Kaen, Ph.D. Michigan 1972. Euro-currency 
and national money market integration: An ap- 
praisal, 


Hararo KNupsen, Ph.D. Oregon 1973. Expropriation 
of foreign private Investments in Latin America. 


Opin K. Knunsen, Ph.D. Stanford 1972. A perma- 
nent income theory of export instability. 

This study develops the concept of income instabil- 
ity as the dispersion of transitory income and utilizes 
the permanent income hypcthesis of consumption to 
graft the study of export instability to the main body 
of economic theory. It derives a specific theory which 
incorporates a behavioral hypothesis from which to 
develop indices and empirica. tests. The finding is that 
instability stimulates certain economic parameters in a 
direction predicted by the permanent income theory, a 
finding contrary to the a priori reasoning of extant 
literature on export instability. 


Rishi Kumar, Ph.D. Wayne State 1972. U.S. mone- 
tary and fiscal policies ané the balance of payments 
since 1952: An evaluation. 


Georcrt H. Lamson, Ph.D. Northwestern 1970. Cen- 
tral banking in an open export economy: The mon- 
etary system of Frenck-speaking West Africa, 
1956-1967. 

The goals of this dissertation were: to analyze a 
relatively exotic monetary union in which the central 
bank’s major role was determining the allocation of 
bank credit through rationirg at the rediscount win- 
dow; and to better define cptimum monetary policy 
for open, export economies. Its conclusions were that 
in such economies the money stock was better deter- 
mined by a specie-flow-type mechanism than by dis- 
cretionary counter-cyclical policies, and that ‘“mone- 
tary independence” was limized to assuring that secu- 
lar Increases in the demand for money do not produce 
excessive official capital exports and that its counter- 
part savings are optimally allocated between compet- 
ing domestic projects. 
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Danny M, Lerpzicer, Ph.D. Brown 1973. Long-term 
capital movements and economic policy: Canada 
(1953-61). ; 
The dissertation examines the effects of foreign 

portfolio and direct investment on the Canadian econ- 

omy under a regime of flexible exchange rates for the 

1953-61 period. The thesis is further concerned with 

the respective roles of fiscal and monetary policy in 

the stabilization process, in cases of imperfectly mo- 
bile and perfectly mobile capital. A theoretical two- 
sector model is developed, based on five dynamic 
markets, proven stable and examined in equilibrium. 
The model is estimated by two-stage least squares. 


Luis Lierman, Ph.D. Illinois (Urbana) 1972. For- 
eign trade and economic growth: The case of Costa 
Rica. 


Jonannes F. Lry, Ph.D. Cornell 1973. Economic 
policy in an open economy. 


Jens R. Linnemann, Ph.D. Kentucky 1972. West 
German demand for foreign exchange reserves. 


RAcHEL McCurioca, Ph.D. Chicago 1973. Import 
quotas and resource allocation. 

The study compares quotas with tariffs as means of 
achieving national policy objectives. In some cases a 
quota is shown to entail a smaller welfare cost than a 
comparable tariff (where comparability is defined in 
terms of the policy objective underlying restriction). 
The relative costs depend on the policy objective, the 
structure of the market in the protected good, and the 
method of allocating the import licenses used to im- 
plement the qucta. 


Micuaet S. Martone, Ph.D. Kansas 1973. Tariff dis- 
crimination in a large country trade model: an ap- 
plication to customs union. 

The study describes a three-country, two-commod- 
ity neoclassical model of international exchange in 
which one country can affect its terms of trade 
through the imposition of a tariff. The analysis of the 
model suggests that tariff optimization leads to dis- 
criminatory tariff rates in conjunction with customs 
cooperation. 


James L. Mrs, Ph.D. Oregon 1973. Analysis of the 
Mexican monetary system. 


Rao S. Musunuru, Ph.D. Chicago 1973. Protection 
to fertilizer industry and its impact on Indian agri- 
culture. 

Effective rates of protection to the nitrogen ferti- 
lizer industry in India are estimated for the two peri- 
ods 1961-65 and 1968-71. Production costs of such 
protection are computed using the effective rates. 
Consumption costs of protection are computed on the 
basis of estimated demand elasticities for fertilizer, 
and the net loss in agricultural production due to pro- 
tection. These costs are shown to be significant, ahd 
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this protection may prove to be a serious drag on In- 
dian agriculture. 


Gary V. Norerko, Ph.D. Southern California 1972. A 
portfolio approach to domestic and foreign invest- 
ment. 

Along with the estimation of rates of return tradi- 
tional mean-variance portfolio analysis is modified 
and extended to consider skewness of distributions of 


rates of return. In applications to foreign and demes-. 


tic investment the sophisticated three dimensional 
portfolio model of rate of return, variance, and skew- 
ness is found to generate efficient portfolios that give 
a better explanation than those from traditional 
mean-variance portfolio analysis. 


FERNANDO J. Ossa, Ph.D. Cornell 1973. Payments 
problems in the economic integration of Latin 
America. 


Conrad M. Ourerre, Ph.D. Clark 1972. The theory 
and practice of ERP Counterpart Funds in the 
United Kingdom, 1948-1951. 

Examined are the roles played by ERP local cur- 
rency, together with the rationales given to Congress 
for the use of these funds when it was considering 
legislation for the ERP. and predecessor aid programs. 
It is concluded that the principal use of these funds in 
the United Kingdom—to retire privately held govern- 
ment short-term debt—was in the main economically 
insubstantive, but local currency was used substan- 
tively in Germany to establish financial intermedi- 
aries, 


ANnprEw H. Parnes, Ph.D. Stanford 1973. Export in- 
stability and the direction of trade. 

This study looks at individual trade flows from one 
economy to another to find the degree and causes of 
export ins-ability in a sample of developed and less 
developed countries. Structural variable categories are 
composition of exports, commodity concentration of 
exports, and direction of trade. Additional variables 
measure development level of trade partners and 
value of trade flow. Using covariance analysis, the 
model indicates that less developed nations experience 
significantly higher export instability than developed 
countries and that choice of trading partners influ- 
ences level of instability. Significant variables are level 
of commodity concentration and magnitude of trade 
flow. Higker concentration levels produce greater in- 
stability. 


Lorenzo L. Perez, Ph.D. Pennsylvania 1972. The ex- 
port performance of the Latin American countries 
during the 1960's. 


Howarp C. Perira, Ph.D. Rochester 1973. Joint pro- 
duction and the theory of international trade. 

By careful consideration of the character of natural 
resources, it is shown that received theory implies that 
not more than 5 goods may enter trade, while actu- 
ally over 30,000 do. A new model of trade is con- 
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structed based upon joint production and nontraded 
goods which alleviates this absurdity, and leads to a 
number of unorthodox and fairly robust results re- 
garding the relative prices of nontraded goods and 
factors end the pattern of trade. 


JonatHan J. Prncus, Ph.D. Stanford 1972. A posi- 
tive theory of tariff formation applied to nineteenth 
century United States. 

The ecfects of an import duty are nonexclusive, so I 
adapt public goods supply theory to explain the in- 
dustrial pattern of tariffs. The focus is on appropria- 
bility of quasi rents, and on bargaining.and transac- 
tion cosis. I reinterpret the infant industry tariff phe- 
nomenoa. An OLS study suggests it was a disadvan- 
tage in 1824, to be represented by few congressmen 
and serstors. 


Rospert O. Rem, Ph.D. Georgetown 1972. Border tax 
adjustments and international trade flexibility. 

The thesis analyzes the effect of border tax adjust- 
ments on trade flows under varicus monetary and fis- 
cal peldes. A model was developed and used to esti- 
mate the impact of border tax changes on the trade 
balances of Western industrialized countries. The use 
of border taxes as a policy instrument was also con- 
sidered. 


Hak Y. RHEE, Ph.D. Kansas 1972. Optimal external 
debt for a developing economy. 

The dissertation deals with a small country’s opti- 
mum foreign debt over a finite planning horizon. The 
problem is analyzed in an economy with multi-out- 
puts and multi-inputs. The input vector is divided 
into twc subvectors, one of them being the domestic 
inputs and the other being the foreign inputs, The 
outcome of the analysis shows the condition under 
which the additional debt should be zero as well as 
other eff.ciency conditions along the optimum path. 


Micus. RopriGuez-VILLENAVE, Ph.D. Oregon 1972. 
Import substitution: The case of Venezuela. 


GEORGE SAMUELS, Ph.D. Oregon 1972. The role of im- 
ports :n growth: Selected Latin American countries, 
1953—2967. 


EpMuNLO SawcHez-Acuitar, D.B.A. Harvard 1973. 
The c:nternational activities of U.S. commercial 
banks: A case study, Mexico. 

The role of Y.S. commercial banks in Mexico is ex- 
amined. The volume of U.S. banks’ claims on Mexico 
is estimated to be around $5,000 million. A close look 
at U.S. commercial banks’ methods of operation 
abroad is presented, including the sources and profita- 
bility of foreign lending. Chraracteristics of U.S. bank 
loans ta Mexico are enumerated. Finally, Mexico's 
ability to repay her external debts, present and future, 
is discussed in detail. Strong recommendations are 
made to the parties involved. 
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Lucio P. Scanpizzo, Ph.D. California (Berkeley) 1972. 
International capital movement and economic 
growth. 

Economic growth and international capital move- 
ments are examined using a neoclassical model and in 
the second stage a dynamic post-Keynesian “two-gap” 
model. Trade and capital movements between a less 
developed country and a capital rich country with 
monopoly power are analyzed. Under conditions of a 
dominant trade gap, optimum paths of foreign ex- 
change inflow are determined with the results applied 
to case studies of Argentina and India. 


Ricsard W. Scuwinot, Ph.D. California (Berkeley) 
1973. The effects of economic integration upon in- 
dustrial structures: The case of France, Italy, and 
West Germany. 


Grant M. Scopie, Ph.D. North Carolina State 1973. 
The effect of changes in the protective structure on 
the exchange rate: An analysis of the New Zealand 
foreign exchange market. 

The underlying premise is that the exchange rate 
and the level of protection are a related pair of policy 
instruments for achieving external balance. The deval- 
uation rate and the welfare gains associated with vari- 
able reductions in protection cre estimated. The model 
is used to estimate the impac: of British entry to the 
EEC on the New Zealand foreign exchange market. 


Karnai, Sincu, Ph.D. Western Ontario 1973. A 
monetary view of the balance of payments: An em- 
pirical investigation. 

The empirical investigations reveal that in all the 
fourteen industrialized countries the balance-of-pay- 
ments surplus is a positive function of the “sterilized” 
excess demand for money in the world as a whole; 
the extent of U.S. short-term liabilities to foreign cen- 
tral banks is a “system determined” phenomena; and 
the country demand for money functions are stable. 


Mirron D. Stewart, Jr., Ph.D. Texas (Austin) 1972. 
Foreign direct investments in the United States. 
This study examines selected aspects of foreign di- 

rect investments in the United States, an area that has 

been apparently relatively ignored by scholars, general 
researchers, and popularizers gelike. 


ANDREW SroLLAR, Ph.D. Boston College 1973. Cotton 
textiles: An empirical evaluation of voluntary ex- 
port restraints. 

An attempt is made to evaluate the effects of the 
GATT sponsored long term arrangement regarding in- 
ternational trade in cotton textiles during two of the 
initial years of the arrangement (1964 and 1965). A 


spatial equilibrium model of international trade is 


used to simulate trade flows tand domestic consump- 
tion and production levels). The empirical results in- 
dicate that LTA (Long Term Arrangement) has had 
a restrictive influence on the exports of selected major 
Asian exporting countries. 
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SuxK-TAI Svg, Ph.D. Washington (St. Louis) 1972. A 
general model of factor proportions theory of trade. 
The dissertation is concerned with the following: to 

generalize the simple factor proportions theory in the 
case where commodities outnumber factors; to con- 
struct a new production function which is neoclassical 
in form but contains human capital as a third factor 
of production; to establish a new comparative advan- 
tage criterion in terms of the composite capital-labor 
share intensity; and to test the above for Korea, Ja- 
pan, and the United States. 


Davin M. Swanson, Ph.D. North Carolina (Chapel 
Hill) 1972. The demand for money and the balance 
of payments. 


SuspHasH M. Teaxur, Ph.D. California (San Diego) 
1972. Thecry and estimation of speculative capital 
movements. 

The traditiona? theory of forward exchange market 
and international capital movements is reviewed. A 
model of speculation when the currency is under spec- 
ulative pressure is developed. A stock~-adjustment 
model is then estimated for the United States using 
data for the period before the 1971 devaluation of the 
dollar. Impact of speculation on U.S. claims and lia- 
bilities is found to be substantial during this period. 


Maumoup S$. H. Tousar, Ph.D. Pittsburgh 1971. 
Elasticities of export supply in international trade. 


Joser van Brasant, Ph.D. Yale 1973. Bilateralism 
and intra-CMEA trade: 1949-1966. 


Ewen M. Wirson, Ph.D. North Carolina State 1973. 
An elasticity analysis of the Rhodesian trade em- 
bargo. 

An elasticity framework is developed to predict the 
welfare and exchange rate effects of the Rhodesian 
trade embargo. The notion of the uniform tariff 
equivalent is adapted to estimate price effects of the 
trade ban in the import and export markets. Explicit 
recognition is made of the importance of flue-cured 
tobacco in the Rhodesian economy. 


Business Administration; including Business 
Finance and Investment, Insurance, 
Marketing, and Accounting 


SURENDRA P. Acrawat, Ph.D. Florida 1973. The role 
of accounting in computer-based information sys- 
tems. 

This study presents a model of information systems 
that may overcome the deficiencies observed in the 
functioning cf accounting and MIS. The proposed 
model would control its own input and output, pro- 
vide for computerized as well as manual processing of 
data, and receive and utilize feedback from users, for 
its development. In addition to systems and O.R. spe- 
cialists, it would include an expert in “information 
control” which may develop as a branch of account- 
ing. 
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Eric L, Anperson, Ph.D. Georgia State 1973. The 
buffer motivated production-to-stock decision and 
its macroeconomic implications. 

This paper constructs a model to represent manu- 
facturers’ production-to-stock behavior with a sales 
buffer motive to determine the production flexibility 
in responding to unexpected sales. The model is tested 
` on 6 two-digit S.I.C. industries that produce to stock 
—not to order. The resultant maximum likelihood es- 
timators are then inserted in the basic Keynesian ag- 
gregate demand function to determine the macrady- 
namic implications of their behavior. 


Henry D. Ancetino, D.B.A. George Washington 
1973. An analysis of the U.S. Army’s system for 
developing estimates of major equipment invest- 
ment costs. 

This research is a critical examination of the U.S. 
Army's cost estimating function for developing esti- 
mates of major equipment investment costs. The re- 
search supports conclusions that cost estimates re- 
cently prepared by the Army are timely, accurate, and 
complete. However, estimates have tended to be un- 
derstated. Members of the cost community hold that 
staffing, organization, and operation of the cost func- 
tion, facilitate preparation of accurate estimates. 


Rocer M. ATHERTON, Ph.D. Michigan 1972. The im- 
pacis of centralization on performance and supervi- 
sory perceptions of centralization, attitudes, behav- 
ior, and effectiveness. 


Emit ATTANASI, Ph.D. Missouri 1972. Uncertainty in 
road construction: Implications for state highway 
agencies. 

This study relates firm bid pricing behavior to in- 
dustry bid distributions. Analysis of sequential bid 
pricing is conducted under behavioral assumptions 
identifed with expected mark-up maximization and 
utility maximization. The influence of alternative reg- 
ulatory policies, bidder risk attitudes and resource un- 
certainty is analytically examined. Properties of bid 
distributions are analytically examined and related to 
economic structure of the market, attitudes toward 
risk, and expectations of bidders. Bid data are then 
examined and provide a basis for comments associated 
with applied research in this area. 


Bruce N. Baker, D.P.A. George Washington 1972. 
Improving cost estimating and analysis in DOD and 
NASA. 

Surveys were conducted to determine cost estimat- 
ing and analysis approaches and preferences within 
the Army Materiel Command, Air Force Systems 
Command, Naval Materiel Command, and National 
Aeronautics and Space Administration. It was found 
that most respondents distrust the parametric ap- 
proach and have more confidence in detailed engineer- 
ing approaches to cost estimating. Respondents called 
for several improvements in cost estimating but dis- 
agreed, on average, that 1970 procurement will result 
in less cost growth. 
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Jimmy D. Barnes, Ph.D. Oregon 1973. A strategic 
comp2titive bidding approach to pricing problems 
for petroleum industry drilling contracts. 


~ Roserr R. Bett, Ph.D. Florida 1972. The potential of 


pupillary response in business research: An investi-- 

gation of methodology and autonomic contamina- 

tion. 

The debate over the use of pupil changes as indica- 
tors of physchological response cannot be resolved un- | 
til methodological shortcomings are overcome. This 
study evaluated the validity of pupillometric technol- 
ogy, using real-time computer sampling of six physio- 
logicel variables in a totally automated measurement 
system. Cost eifectiveness studies of computerized 
methodslogy were conducted. Analysis showed that 
while pupillometric may be limited in general useful- 
ness, computerized controls and measurements present 
advances in methodology, and can be economically 
justifiec. 


Urr Ben-Zron, Ph.D. Chicago 1972. Measures of risk 
in tha stock market and the valuation of corporate 
stock 
The <irst part of the thesis analyzes the rate of re- 

turn fremework and the valuation framework of test- 
ing the “riskiness” of alternative risk measures. The 
second part analyzes the effects of investment in tan- 
gible assets, such as research and development and ad- 
vertisinz, on the valuation of corporate stocks. The 
empizical work is done in a cross-section study, but it 
also analyzes a time-series measure of risk. 


Wr1rasM J. Brennan, Ph.D. Michigan 1972. Invest- 
ment. analysis and generally as te accounting 
princ_ples. 


Douctss B. Brown, Ph.D. Michigan 1973. Modelling 
of rezail patronage promotions—the practice and its 
value to management. 


Ricuarp W. CaLien, Ph.D. Texas A&M 1972. A 
dynamic investment, production and financial model 
for a competitive firm. 

In this dissertation, a discrete time control for pro- 
duction, investment, and finance is formulated for a 
perfectly competitive firm in a certainty world. The 
usual production function is not used. Instead, a lin- 
ear prccess type of function is adopted. The model 
assumes linearity among the capacity variables. With 
these assumptions, an operational model for a multi- 
product firm with multi-capacities under a form of 
capital rationing is developed. The firm is assumed to . 
maximize its net wealth. 


Joem I. Camirius, D.B.A. Harvard 1972. Formal 
plenring systems: The control considerations in de- 
sign. 

The study examined the design implications of the 
purpose of facilitating the control of operations 
througk formal planning. The basic proposition was 
that, in fulfilling this purpose, another importent pur- 
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pose—namely, ensuring the stimulation and exercise 
of executive creativity—is adversely affected. An: ap- 
proach to the design of a sezment of the corporate 
planning system, based on the proposed control/creat- 
ivity tradeoff was developed and then revised on the 
basis of a survey of practices in over eighty corpora- 
tions and interviews with practicing executives. 


GEOFFREY O. CARLINER, Ph.D. California (Berkeley) 
1972. Headship and ownership. 


Daryt E. Carztson, Ph.D. California (Berkeley) 
1972. Financial analysis of iastitutions of higher ed- 
ucation for policy decisions. 


Tinc Ko Caen, Ph.D. Mich:gan 1973. Management 
transfer, management practice, and management 
performance—an empirical quantitative study in 
Taiwan. 


Prerer S. Counc, Ph.D. Northwestern 1972. Mea- 
surement and explanation of expected earnings to 
price ratios of common stock, 

The major interest and focus of this dissertation is 
how to measure correctly “expected earnings” which 
appears in the numerator of the rate of return on 
common stocks. Four methods of measuring expected 
earnings were employed in the cross-sectional multiple 
regression analysis to explain different rates of return 
among the sample firms. The results show that the 
four methods provide better explanation for differen- 
tial rates of return on common stocks than any other 
existing models. 


James J. CLARKIN, D.B.A. Harvard 1973. An investi- 
gation of a performance evaluation process. 

This study examines data from performance evalua- 
tion records and from two personality tests with a 
questionnaire administered to 97 employees of a large 
government organization. The scores correlated closely 
with promotion decisions incicating reliance on mi- 
nute differences, Better performers were distinguished 
from poorer only by the nzed to impress others, 
where they were brought up, end their number of sib- 
lings. There was dissatisfaction with communications 
about performance, and poorer performers felt more 
negative about their experiences and the promotion 
system in use. Poorer performers were also less self- 
confident and more negative about their future. 


Parr M. Corespatcu, D.B.A. Harvard 1973. Manu- 
facturing policy in the multinational enterprise: A 
mathematical study of sourcing patterns and their 
relationship to corporate financial goals. 

This thesis examines production allocation, sourcing 
patterns and transfer pricing in the multinational en- 
terprise, and studies their interaction with each other 
and with financial tools suca as management fees, 
royalties, and internal dividend policy. Specifically, a 
mathematical model of a multinational corporation is 
developed and used as a basis to study these interac- 
tions, and to study the differences in the optimal 
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choice of these quantities for two different objectives, 
consolidated profits and cash flow to the parent. 


Rıcmaro C. Cusa, D.B.A. George Washington 1971. 
Relationships between technologists motivation to 
perform, role perception and participative manage- 
ment: A scudy of engineering/scientific manpower 
utilization in ReD-oriented companies in the Balti- 
more-Washington area. 

This research investigates the effects of role percep- 
tion and participative management on the job perfor- 
mance of 600 engineers and scientists in five firms. 
Specific workday utilization patterns were secured to 
provide a measurement of the large existing mismatch 
between skills, interests, and job requirements. Sizable 
pockets of role uncertainty and laissez-faire manage- 
ment in the technical areas were uncovered. Organiza- 
tional role clarification and participative interaction 
were found to be significantly related to higher perfor- 
mance levels and motivation to perform. Role orien- 
tation was also found to be flexible with age, experi- | 
ence, and traditional organizational rewards. 


Davin J. Curry, Ph.D. California (Berkeley) 1973. 
An empirical test of relations between an individu- 
al’s preference and similarity space of brands. 


Jean M. Davin, Ph.D. Florida State 1972. A model 
for the efficient allocation of resources in a state 
university. 

This dissertation applies an activity analysis model 
to the allocation of resources in a state university. The 
problem is first formulated as a linear programming 
model which serves as a first approximation ‘and 
makes possible the mapping of the university’s pro- 
duction possibility frontier. The model is then formu- 
lated as a non-linear program. A stochastic element is 
later introduced into the non-linear program. This is 
followed by a dynamic formulation with varying ho- 
rizons. 


Davip F. Danica, D.B.A. George Washington 1971. 
An application of non-linear programming to ap- 
proximate optimal management control decisions. 
The research investigates a technique for optimizing 

management science models characterized as dynamic, 
non-linear, and constrained. The research integrates a 
classical solution procedure, the method of Ritz, in 
variational calculus, with contemporary non-linear 
programming techniques. The unknown dynamic deci- 
sion function is approximated by a function of n vari- 
ables, an n-dimensional polynomial, tranforming the 
model to an approximation in n-dimensions. Contem- 
porary techniques of non-linear programming are used 
to optimize the transformed, n-dimensional model. 


Bernard C. Ditt, D.B.A. George Washington. A re- 
gional study of existing developments in and be- 
tween financial policy and financial operations at 
the headquarters level of selected large corporations. 
This study concerns developments in the business 

finance function at the headquarters level. Matters 
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discussed concern ways in which the importance of 
the chief financial executive and other elements of 
financial management along with the relationships be- 
tween financial policy and financial operations are 
changing. Discussed are ways in which changes in this 
function's environment and in the development of in- 
formation technology are influencing this function. 
Interviews were conducted among 32 firms from For- 
tunes 500 Directory. 


Wurm A. Dimma, D.B.A. Harvard 1973. The Can- 
ada Development Corporation: A diffident experi- 
ment on a large scale. 

The Canada Development Corporation was pro- 
posed to the Canadian Parliament in 1963 as an in- 
strument of both economic nationalism and of gap- 
filling industrial development. It would operate under 
both private and public-sector influences. By 1971 and 
enactment, it had swung more solidly into the private 
sector and behind industrial development, partly re- 
fiecting a pervasive business ethic. However, the en- 
abling legislation does not inhibit a future govern- 
ment, under some circumstances, for using the CDC 
for other purposes. 


Wri11am A, Earner, D.B.A. Harvard 1973. Ar as- 
sessment of organizational elements that affect the 
introduction of a computer-based simulation into 
some organizational decision processes. 

Introducing a complex, computer-based model to 
an organization not only affects the rational decision 
processes of that organization, but also the organiza- 
tional system in which those processes are embedded. 
This thesis examines in detail two organizational deci- 
sion processes in a bank about to implement a com- 
puter-based environmental simulation, These processes 
are described in terms of the segments of the decision 
processes interacting with four relevant elements of 
the organizational system. The thesis concludes with 
an assessment and prediction of model implementa- 
tion in light of the interaction of decision processes 
and organizational system. 


Jon Encisa, Ph.D. Florida 1972. The use of a mul- 
tivariate organizational behavior model in describ- 
ing individual, group, and intergroup behavior: A 
comparison of three manufacturing firms. 

The primary objective of this study is to describe 
and analyze behavioral patterns in organizations in 
terms of structural and leadership variables. A secon~ 
dary purpose is to employ a new multivariate “sys- 
tems” model that explains human behavior within an 
organization and to assess the operational feasibility 
of the model. Data on structural, leadership, and be- 
havioral factors in three manufacturing plants were 
gathered from personal interviews, observation, and 
questionnaires. Each plant was described and con- 
trasts in behavioral patterns were analyzed. 


WALLACE FELDMAN, D.B.A. Harvard 1973. A study of 
selective marketing communication. 
This thesis investigates the potential of advertising 
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aimed at individuals or small recipient groups. It ex- 
amines the development and use of increased audience 
selectivity capabilities in print, mail, and air media. 
An assessmer:t of present constraints and possible fu- 
ture developments in message production and delivery 
techno'ogies is made. The applicability of market seg- 
mentation concepts to selective communication strate- 
gies -s discussed. Finally, an experiment assesses the 
possibilities of increased effectiveness of segment-spe- 
cific advertising compared to advertising generalized 
for a total audience. 


Marcc R. Froretro, Ph.D. California (Berkeley) 
1972. Management and design tools for document 
retrieval systems: A method for predicting quantity 


output. 


Ricuarp G. Fisc&er, D.B.A. Harvard 1973. Improv- 
ing z:nvestment performance and the role of fixed- 
income securities. 

Efficlent portfolios of bonds and stocks are con- 
structed using the Markowitz/Sharpe technique. For 
wide ranges of market conditions and portfolio risk 
levels, bonds play a much greater portfolio role than 
is comnonly perceived. A large fraction of the bonds 
serves as a surrogate for a riskless asset and is rela- 
tively _nsensitive to the market outlook while the re- 
maininz bond investments may comprise a substantial 
propcrcion of the risky asset portfolio depending only 
on th: pertinent market forecasts. 


Rosert J. Gayton, Pa.D. California (Berkeley) 
1973. A critical examination of presently accepted 
international accounting translation techniques. 


Lovis Gur, Ph.D. Stanford 1973. Iterative multilevel 
planning with aggregation. 

Precedures are developed for plan preparation 
though explicit introduction of aggregation-disaggre- 
gation methods in standard “decentralized” planning 
procedures. A central planning bureau deals with ag- 
grega-ed quantities (prices and quantities of groups of 
producis). Regional or sectoral bureaus are responsi- 
ble for aggregeting and disaggregating information. 
Production units are responsible for their choice of 
techn:cue; they deal with disaggregated quantities 
whick are the fine details of the plan. The utility 
function is of the Kantorovitch type. 


Sruart C. Girmovur, D.B.A. Harvard 1973. The di- 
veszment decision process. 

In this study divestment decisions were found to be 
the personally painful and organizationally difficult 
outcomes of a high level political decision process that 
made kmited use of economically rational arguments. 
The study used four well-known management decision 
process models to look at the events surrounding di- 
vestmeat decisions in three large business crganiza- 
tions. Using these analyses, a model of the divestment 
decision process was constructed and implications for 
manazement and research were drawn. 
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Josx H. Grant, D.B.A. Harvard 1972. Management 
implications of systems-oriented strategies within 
selected industrial firms: A developmental model. 
This research had as its objective the formulation 

and evaluation of a developmental model for analyz- 

ing four primary variables associated with the man- 
agement of systems-orlented operations. Field research 
executed in five large corporations revealed that stra- 


tegic, market, and technological factors are interde- 


pendent with, not determinant of the organizational 
structures surrounding systems work. Forces influenc- 
ing changes in systems strategies and related research 
topics are discussed. 


STEVEN D. Grossman, Ph.D. Tufts 1972. Alternative 
theories of inventory investment. 


Tomas D. HintHorne, Ph D. Oregon 1973. Percep- 
tual differences as a constraint on the implementa- 
tion of management science techniques. 


GERARD G. Jonwson, D.B.A. Harvard 1972. The role 
of formal evaluation in the process of budgetary 
control. 

In addition to accounting ior the financial results of 
operations, the evaluation process must begin to take 
into account the feelings of the individual manager. 
This research project demonstrated that an important 
aspect of the evaluation process is the preparation it 
provides for future performance. Under varying eco- 
nomic conditions laboratory subjects who were so 
prepared outperformed those evaluated under the 
more traditional accounting variarce format. 


L. Topp Jouwson, Ph.D. Michigan 1972. The audi- 
tor’s responsibility for the detection of management 
fraud: Selected cases. 


JoserpH E. Kasputys, D.B.A. Harvard 1972. The in- 
fluence of government profit policies on contractor 
management. 

The Department of Defense determines profit ob- 
jectives for negotiated contracts largely as a percent- 
age of costs, without recognition of contractor assets. 
This policy should encourage contractors to act con- 
trary to government objectives by keeping assets low 
and costs high. This was tested through a comparative 
study of defense and commercial operations, two 
questionnaires and research inte the British asset- 
based system. The findings confirmed that existing 
profit policies are dysfunctional and could be im- 
proved through some consideration of assets. 


Josx B. Kave, D.B.A. George Washington 1973. A 
test of the square root rule of stock price move- 
ment. 

The study tests the hypothesis that the relationship 
between the price movemen: of low-priced and high- 
priced stocks during market rises and declines is 
mathematically consistent. Although prices move in 
different amounts, the square roots of prices move in 
equal amounts, on the average. The study fills defi- 
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ciencies and gaps of earlier studies and investigates a 
new dimension: expected growth rate. It has implica- 
tions for the alpha and beta of modern portfolio se- 
lection. 


ld 


Drerer Kiem, Ph.D. California (Barkeley) 1973. Dy- 
namic behavicr of adjustment processes. 


Jay E. Krompmaxer, Ph.D. Michigan 1973. Sales fore- 
casting for new industrial products. 


Cuarztes Lius, Ph.D. Oregon 1973. An investigation 
of the uses of non-metric multi-dimensional scaling 
in the identification and analysis of market seg- 
ments. 


Jay D. Lanpvguist, Ph.D. Michigan 1973. Retail store 
image and its role in the purchase decision process: 
An empirical study. 


Braptey D. Lockeman, Ph.D. Michigan 1973. The 
consumer information seeking process for a fashion 
good—An exploratory study. 


Norma M. Logser, D.B.A. George Washington 1971. 
An examination of the top-level leadership strategy 
emanating from the executive branch of the govern- 
ment having an impact on the military-industry in- 
terface. 

The study is oriented toward obtaining an explicit 
understanding of the military-industry interface 
through examining: the leadership authority and 
power of the President as chief of foreign policy and 
as commander-in-chief; the roots of U.S. military 
commitments abroad; the national objectives having 
defense implications as ascribed to the President; and 
the extent to which federal budget outlays for na- 
tional defense generated growth in the defense estab- 
lishment and deiense firms.. 


Ronatp W. Lunpouist, Ph.D. Oregon 1973. Organi- 
zation and the seasons: An exploratory study of the 
structural and behavioral effects of seasonal em- 
ployment fluctuations in the food processing indus- 
try. 


Nei: E. McNezatuz, D.B.A. Harvard 1973. The use of 
profit as 2 measure in a nonprofit organization. 

The study addresses the use of a constructed profit 
measure to improve performance in a nonprofit orga- 
nization. Tke study applied a profit measure to three 
nonprofit Navy commissary stores while using three 
similar stores as a control group. The conclusion is 
that the technique is potentially useful, however, its 
effectiveness is sensitive to the degree of congruency 
existing between the organizational structure and the 
organizational purpose. 


Wirtiam G. Muster, Ph.D. California (Berkeley) 
1973. Temporal additivity: A problem of account- 
ing measurement. 


` 
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Jerrrey H. Moors, Ph.D. California (Berkeley) 1973. 
Peak-load allocation of a time-shared computer in a 
quadratic team. 


James R. Morris, Ph.D. California (Berkeley) 1972. 
The decision to purchase information for portfolio 
choice. 


Geratp L. Muscrave, Ph.D. Michigan State 1973. 
Economies of scale in computer centers. 


Ixuymo Nonaka, Ph.D. California (Berkeley) 1972. 
Organization and market: Exploratory study of 
centralization and decentralization. 


Davin P. Norton, D.B.A. Harvard 1973. The central- 
ization of information systems in large organiza- 
tions. 

The objective of the research was to determine if 
there is a preferred manner of assigning responsibility 
for the computer and associated tasks in various orga- 
nization environments. The research, which was based 
on intensive case studies in two multi-divisional orga- 
nizations, showed that economically rational argu- 
ments exist for various degrees of centralization or de- 
centralization in specific environments. The organiza- 


tion forms dictated by economically rational argu-- 


ments are frequently ignored in practice. The research 
explores the reason for this inconsistency. 


James A. Oxuzson, Ph.D. California (Berkeley) 
1972. The usefulness of accounting concepts based 
on accruals: A Bayesian approach. 


JoserH R. Pisani, Ph.D. Maryland 1972. Automotive 
repair: A study of consumer and repair shop atti- 
tudes toward the industry, the performance of re- 
pairwork and regulation. 

The dissertation reports the findings of a mail sur- 
vey oi tne motor-vehicle-owning and repair shop 
populations of Prince Georges County, Maryland and 
Travis Caunty, Texas. A general background on the 
automotive repair problem and a review of current 
literature on the industry are provided. The overall 
quality of warranty and nonwarranty repairwork was 
found to be substandard. Consumers and repair shops 
strongly favored regulation of mechanics and/or re- 
pair shops at the state level. 


Rorta W. River, Ph.D. Oregon 1973. The marketing 
executive: A profile. 


Simca Sapan, Ph.D. California (Berkeley) 1972. 
The firm-investor interface: An inquiry into the 
role of accounting information. 


Douctas F. ScHorierp, D.B.A. Harvard 1972. The 
planning process in institutions of higher education. 
‘Starting with a traditional four stage view of a 
planning process (goals, objectives, budgeting, evalua- 
tion), two sets of variables are identified as useful in 
analyzing a college planning process and in imple- 
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menting improvements. One set pertains to planning 
functior’s in each stage, and the other pertains to the 
dynamic, integrated functioning of the whole process. 
Planning in two colleges is examined, and recommen- 
dations for management actions are made. Planning 
implications of three major trends in colleges’ envi- 
ronmen:s are discussed. 


Henry H. Sewarp, D.B.A. Harvard 1973. Measuring 
user satisfaction to evaluate information systems. 
This dissertation proposes that the evaluation and 

design of information systems should be corsidered 
separately. Evaluation, if separdted, may be con- 
ducted >y less expensive means than design. The ap- 
proach suggested is to evaluate by measuring user sat- 
isfactior with the information system. Satisfaction is 
considered to be directly related to the number of 
times tne information system does not contain re- 
quired mformation and the user must conduct an in- 
formzetion search. The approach was tried and found 
feasible. 


Marx G. SMK, Ph.D. California (Berkeley) 1972. 
Matazmatical programming for the state earmark- 
ing process: Tax policy in theory and an applica- 
tion for highway finance. 


CHARLES C. Snow, Ph.D. California (Berkeley) 1972. 
Environmental uncertainty and organization behav- 


lor, 


SUSAN 30LomoN, Ph.D. California (Berkeley) 1972. 
Deternination of satisfactory scale for data pro- 
cessing facilities. 


RoseRT E. STERNENBERG, Ph.D. Houston 1972. A 
study of full cost versus marginal cost pricing of 
proposals to government agencies and their impact 
or: contract award and performance. 


Witz E Srraver, D.B.A, George Washington 1971. A 
study of attitudes toward organizational loyalty. 
Survey compares attitudes between employees from 

business government, military. Findings also analyzed 
by sge, position, rank, seniority. Chi-square analysis 
on thirty-four attitudinal statements. Few significant 
differences found at .95 confidence level. Main content 
of statements shows similarity between loyalty en- 
hancers and motivational factors. Organizational loy- 
alty ranked fourth behind family, self, country. Su- 
pervisor found to be ma‘or loyalty object in each 
type organization. Respondents strongly questioned 
value of loyalty caths. - 


Warrer J. Sruarr, Jr, D.B.A. George Washington 
1971. An empirical assessment of the managerial 
utility of certain general systems concepts: The 
savirgs and loan association. 

-This study seeks to make certain general systems 

concepts as applied to management more defensible 

by defining a savings and loan association as a system 
and examining the behavior of a large number of as- 
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sociations during a period of unusual reduction in net 
inflow of savings. Using the empirical results obtained 
the study applies these concepts to the problems of 
financial intermediation, designing a General System 
of Financial Investment Flows. 


FrepericK W. Tessen, D.B.A. George Washington 
1971. Cash tender offers in 1967: A study of man- 
agement and stockholder experience. 

Cash tender offers, or take-over bids, that started in 
1967 were studied from the standpoint of premiums 
offered, relationships of merket prices and tender 
prices to book values, movements in stock and earn- 
ings growth rates and dividend incomes. One of the 
most important conclusions was that the mergers that 
followed tender offers had unfavorable results for 
both companies and stockholders. Earnings growth 
rates and stock prices suffered. 


Joan F. Tomer, Ph.D. Ruzgers 1973. Management 
consulting for private enterprise: A theoretical and 
empirical analysis of the contribution of manage- 
ment consultants to economic growth in the United 
States. 

The basic contention is that management consul- 
tants, due to their work for clients, contribute in 
many ways to economic change, which makes possible 
and “explains” a certain amount of annual economic 
growth. The analysis indicates that the lasting contri- 
butions of these consultants are types of human capi- 
tal or, perhaps, organizatioral capital. Estimates of 
this capital formation and the resulting aggregate an- 
nual economic growth are mede, Interviews in thirty- 
two management consulting firms provide the empiri- 
cal basis. 


Jerry A, Viscrons, Ph.D. Boston 1973. The introduc- 
tion of growth into the traditional theory of capital 
structure. 


James A, Warxer, D.B.A. Harvard 1973. Using anal- 
ysis effectively in a compl2x decision process-plan- 
ning NASA’s planetary programs. 

The problems of using systems analysis techniques 
to influence the outcomes of policy making in a com- 
plex organizational and political context are illustrated 
by case studies of attempts ta apply such methods to 
long range planning for NASA’s unmanned planetary 
programs. A method of enhancing the effectiveness of 
analysis in such settings by means of self-conscious 
“process-oriented approach” utilizing organizational, 
political, and psychological models as conceptual tools 
is proposed and discussed. 


Kenneta D. Watters, Ph.D. California (Berkeley) 
1972. Freedom of speech in the modern corporation. 


Bernarp S. WATERMAN, D.B.A. George Washington 
1971. Small business participation in federal govern- 
ment research and develapment—the government 
perception. 

This study examines the attitudes of government 
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technical and procurement personnel purchasing re- 
search and development (RaD) toward participation 
of small business in government R&D. It develops the 
views of these personnel regarding the availability and 
interest of small firms, potential measures of assistance, 
and small business performance. The government R&D 
purchasing community believes that small business 
lacks sufficient technical capability and does not mount 
a sufficiently aggressive marketing effort. 


Davin P. WEINER, Ph.D. Michigan 1972. The feasibil- 
ity of obtaining an objective measure of the current 
value of land and buildings for disclosure in pub- 
lished financial statements.. 


ArmMaND B. Weiss, D.B.A. George Washington 1971. 
Development of guidelines for the determination of 
economic retention stock in the federal government. 
Six economic retention stock models are developed 

and compared with two other models and to ERS 

policies of the Defense Supply Agency and the General 

Services Administration. The DSA and GSA policies 

are found to be not economic. Six types of sensitivity 

analysis are made. The method of determining total 
quantity of stock to hold is derived. Decision tables 


‘are provided to cover a variety of situations. 


Ricerarp A. WERBEL, Ph.D. Michigan 1972. A multi- 
variate analysis of brand loyalty for purchasers of 
new cars and major household appliances. 


LAWRENCE M. K. Wong, Ph.D. Michigan 1973. Man-, 
agerial ideologies in industrial society: The con- 
struction af the corporate world-view. 


Earn M. Wysonc, Jr, D.B.A. George Washington 
1972. An analysis of the effectiveness of computer- 
based financial management systems in the civil 
agencies of the federal government. 

The dissertation demonstrates: the complexity of 
requirements for federal financial management sys- 
tems; some computer concepts available to handle the 
information requirements; and how federal agencies 
are handling the situation. Through the use of ques- 
tionnaires, it was found that the capabilities of the 
computer heve not been employed to a satisfactory 
extent. Although federal agencies’ accounting systems 
provide the required financial information for external 
reporting purposes, they are deficient in providing in- 
formation for managerial purposes. 


Caut Koo Yun, Ph.D. Michigan 1973. Transfer of 
American management know-how to foreign envi- 
ronments: Applying managerial budgeting system 
in Korea. 


Simon J. Zyvsman, D.B.A. Harvard 1973. Top man- 
agement and decentralized investment planning in 
diversified firms: A comparative study. 

This dissertation is a comparative study of the top 
management role in major investment plans of two 

business units in each of three highly diversified U.S. 


Pa 
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corporations of $500 million to $1 billion sales. The 
important variables selected to study are: the key 
participants in the investment planning process; inter- 
actions among the participants; the information 
available to them; and the organizational framework 
of the process. 


Industrial Organization and Public Policy; 
including Economics of Technological 
Change, and Industry Studies 


Nisar AHMap, Ph.D. Washington State 1973. Eco- 
nomic utilization of road and rail transportation in 
Pakistan. 

This thesis involves an attempt to examine Paki- 
stan’s transport pricing, regulatory, and investment 
policies from the point of view of economic efficiency. 
It found considerable evidence that the scarce re- 
sources devoted to transportation in West Pakistan 
were not utilized efficiently. Misallocations are found 
in passenger traffic and freight traffic services, and the 
pace of introduction of new transport technologies. A 
key area of misallocation pertained to the diversion of 
high-value freight traffic from rail to road transport. 


STEVEN ANDERSEN, Ph.D. Rutgers 1972. Regulation, 
supply and cost in air transport: The domestic 
trunkline industry. 

Scheduling behavior is examined under the assump- 
tion of imperfect cartelization through regulation. The 
model yields a functional relationship between load 
factor and fare, production cost, and a set of exoge- 
nous, demand determining variables. Estimation re- 
sults, supplemented by an analysis of adjustment lags 
for costs of production, are used to evaluate changes 
in regulatory policy adopted during 1970, with partic- 
ular emphasis on the tradeoff between fares, load fac- 
tor, and rate of return. 


Paut R. AversacH, Ph.D. Wisconsin (Madison) 
1972. Financial institutions and corporate control. 


RosperT Barrass, Ph.D. Washington State 1973. The 
pre-1963 marketing of automobile tires by gasoline 
retailers: A problem of market power generated by 
franchise agreements. 

This thesis investigates the implications of restric- 
tions imposed by oil companies on the selection of 
brands of tires, batteries, and accessories by their 
franchised dealers. Franchising links the enterprise of 
small proprietors with the widely accepted brand 
names of large corporations, combining advantages of 
big and small business. Many restrictions are placed 
on franchisees and their purpose is brand protection, 
but these restrictions implement hidden surcharges, fa- 
cilitate price discrimination, or extend the franchisor’s 
monopoly power to additional lines. 


Josx H. Bergse, Ph.D. Stanford 1972. Institutional 
structure and program choices in television and cable 
television markets. 
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The chesis constructs a model of product competi- 
tion im television. It extends models by Steiner, Roth- 
enberg, Wiles, and McGowan, and uses theories of 
spatial competition and public goods. The model corm- 
pares program. patterns of monopoly and competition 
under advertiser and subscriber support. Predictions 
refute Steiner’s result that under limited channels and 
adverfiser support monopoly provides greater diver- 
sity tran competition, and shows the opposite for un- 
limited channels. Furthermore, pay TV promises pro- 
grams closer to viewer preferences. 


Narorram Buarcava, Ph.D. Pennsylvania 1973. The 
impact of organization form on the firm: Experi- 
ence of 1920-70. 


Rowarts S. Bonn, Ph.D. Indiana 1972. Aggregate eco- 
nomie structure: Mobility, concentration, and 
merzers. 

This dissertation is an economic and statistical anal- 
ysis of aggregate mobility. The study of aggregate 
mobilt reveals differences in the relative growth of 
the largest firms and provides a vehicle for analyzing 
the dynamics of aggregate concentration. Because past 
studies of aggregate mobility have been interpreted 
more >iten in a market than in an aggregate context, 
the relationship between aggregate mobility and 
changinz aggregate concentration has received little 
attentzon. The oversight is important. 


Jonn I). Bowman, Ph.D. West Virginia 1972. Trends 
in the location of glass production. 


Epwarc A. Branca, D.B.A. George Washington 
1972. A study of selected procurement practices of 
smal firms in metropolitan Washington, D.C. en- 
gaged in federally financed research and develop- 
met. 

This is a study of small Washington-based R&D 
firms Lat aré currently engaged in federally financed 
R&D, The study develops a profile of selected organiza- 
tion, manpower, and marketing characteristics cf the 
firms; 2xamires the small business-government con- 
tractirg process in terms of types of contracts used and 
preferred and methods of contract placement used and 
preferred; and examines the attitudes of Washington- 
based firms toward -government contracting. 

KEITH J. Brewer, Ph.D. McGill 1973. The Canadian 
eas? coast groundfish industry. 


Davro C. Buntrnc, Ph.D. Oregon 1972. Rise of large 
American corporations: 1896-1905. 


Fostex Burton, Ph.D. Pittsburgh 1972. A regional 
ecoromic model of the construction industry. 

This study relates construction in place in a time 
period to craft labor resources and the optimal mix of 
stocks of the several types of structures in a region by 
the us of a linear programming model. The impor- 
tance o? craft habits to the linear assumption is em- 
phasize¢, Unemployment is examined and it is con- 
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cluded that some, previously assumed to be weather- 
related, is caused by shortages in a few crafts and is 
therefore structural. 


Bo A. W. Carrsson, Ph.D. Stanford 1972. The mea- 
surement of efficiency in production: An applica- 
tion to Swedish manufacturing industries 1968. 

The study attempts to bring together various defi- 
nitions of efficiency in the economic literature; inte- 
grate inefficiency into standard microeconomic theory; 
measure efficiency empirically at the plant level in 26 
Swedish manufacturing industries; and analyze the 
results in terms of macroeconomic variables. It is 
found that tariffs are negatively and the concentration 
ratio positively associated with efficiency, indicating 
that in a small, open economy the concentration ratio 
reflects economies of scale and specialization rather 
than market power. 


Gary D. Carman, Ph.D. Southern Methodist 1973. 
Nuclear and gas-oil power plants as investment al- 
ternatives. 

This study examines investment criteria by which 
regulated electric utilities choose new power plants. 
By means of sensitivity analysis, conditions are deter- 
mined which make nuclear plants more economical 
than gas-oil plants. 


Moxnam™ap A. Cuaaupry, Ph.D. Tufts 1972. The eco- 
nomics of competition in the U.S. communications 
industry: An econometric approach. 


Micwart E. Conroy, Ph.C. Illinois (Urbana) 1972. 
Optimal regional industriel diversification: A port- 
folio analytic approach. 


Dane J. Cox, Ph.D. Cornell 1973. Toll road pricing: 
Theory and application. 


AnTHoNY W. Cyrnax, Ph.D. West Virginia 1972. 
The effect of regulation on external diseconomies: 
Surface mining in northern West Virginia, 
1960-1970. 


Victoria A. Daney, Ph.D. Virginia 1973. The certifi- 
cate effect: The impact o? federal entry controls on 
the growth of the motor common carrier firm. 

This study sets forth a theoretical model of motor 
common carrier behavior with respect to investment 
in route authorizations. Under the present system of 
federal (ICC) controls of entry and route expansion, 
there will be a tendency for large motor common car- 
riers to experience both greater growth and slightly 
lower costs than their smaller competitors. Economet- 
ric investigation of the two major hypotheses suggests 
that the model’s implications were valid for 1958~68. 


MicHaeLt G. S. Denny, Ph.D. California (Berkeley) 
1972. Trade and the production sector: An explora- 
tion of models of multiproduct technologies. 


Larry J. DosesH, Ph.D. Washington State 1973. 
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. Earnings control standards for regulated motor car- 
riers. 

This study examines the ICC standards for regulat- 
ing the earnings of truckers. It determines whether 
the permitted earnings have been reasonable in terms 
of economic criteria. The ICC has employed irrational 
and biased standards to test the earnings of regulated 
truckers since the passage of the Motor Carrier Act of 
1935. The operating-ratio standard provided no mean- 
ingful indication of the reasonableness of the earnings 
of regulated truckers. Deregulation of motor transport 
would offer the best solution for earnings control of 
trucking firms, 


Jerrrey C. Donanve, Ph.D. Florida State 1972. The 
product and utilization alternative for bark in Flor- 
ida and the costs of bark processing operations. 
With few exceptions forest products firms in Flor- 

ida traditionally have considered tree bark a waste 
wood-residue product generated under joint cost con- 
ditions with other marketable primary forest products 
such as sawlogs and pulp chips. The purpose of this 
study is to provide the comprehensive economic anal- 
ysis which hopefully will enable forest products firms 
to achieve a greater, more proper utilization of their 
bark, and, concommitantly, enhance the development 
of the bark industry in Florida. 


LoIssEAN DRAKE, Ph.D. Nebraska 1972. A statistical 
analysis of hospital costs in Nebraska. 

This stucy provides evidence regarding economies 
(diseconomies) of scale in the general hospital indus- 
try using cross-section data for 68 community hospi- 
tals in Nebraska. Long-run average cost functions es- 
timated for the fiscal years 1967-68 and 1968-69 
exhibit behavior contrary to that predicted by eco- 
nomic thecry. Diseconomies of scale predominate, 
with some zendency for average costs to decline after 
hospitals reach a size of about 330 to 400 beds. 


Date S. Daum, Ph.D. Nebraska 1972. An economic 
analysis cf the public power system in Nebraska. 
Nebraska is the only state in the nation in which 

the entire electrical generation, transmission, and dis- 
tribution system is publicly owned. Analysis reveals 
that plants are, in general, too small and rate policies 
ill-adapted to achieving high utilization. Thus, the 
comparatively low electrical rates in Nebraska are 
apparently attributable to the tax advantages of public 
ownership or to the failure of commissions in other 
states to exert effective earnings control. 


Garera P. Dyas, D.B.A. Harvard 1972. The strategy 
and structure of French industrial enterprise. 

The thesis describes the evolution of strategy and 
structure, in France’s 100 largest manufacturing com- 
panies, between 1950 and 1970. The main trends ob- 
served were towards increasing levels of product line 
diversity, and <owards the eventual adoption of divi- 
sional forms of organization. They were explained in 
terms of economic, institutional, and cultural environ- 
mental factors. These trends have led to recent change 
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in the way of life within firms, with dramatic impli- 
cations for French management. 


Wurm R. Eapincton, Ph.D. Claremont School 

1973. The economics of gambling behavior. 

Nevada is presently the only state with legalized ca- 
sino gembling, although a number of other states are 
actively considering legalization. This study constructs 
a behavioral model of Nevada’s tourist gambler and 
tests the model’s implications against the four main 
resort areas. It is argued that the type of gambling 
motivation (entertainment or investment) depends 
mainly on income level. Predictions of the likelihood 
of success of casinos in other states are drawn from 
the model. Economic impact of gambling on Nevada 
is also discussed. 


THomas W. Ewart, Ph.D. Purdue 1972. Biddings for 
oil leases: A simulation approach. 


Mowamep A. Finaise, Ph.D. Southern California 

1972. Libya’s petroleum policy. 

It is argued that the typical oil producing country 
can be conceived as engaged simultaneously in a bar- 
gaining game with oil companies and a competitive 
game with other exporting countries. Within this 
framework, the Lybian government’s petroleum poli- 
cies since 1955 are analyzed and evaluated. Then, al- 
ternative strategies available for oil-exporting coun- 
tries, chiefly increasing host country participation and 
nationalization, and their advantages and limitations 
are discussed with special reference to Lybia. 


THomas S. Frrepranp, Ph.D. California (Berkeley) 
1972. Advertising and concentration. 


Perer V. Garrop, Ph.D. California (Berkeley) 1972. 
Service and employment implications of food distri- 
bution: A study of the retail sector of Santiago, 
Chile. 

The dual role of the distribution sector of providing 
market services and employment opportunities is ex- 
amined. The existing fragmented, small-scale structure 
characteristic of the low-income regions is compared 
with the more capital intensive mass-merchandising 
operation characteristic of the high-income regions. 
Welfare comparisons indicate that the gain in con- 
sumer surplus resulting from the lower prices charged 
by the large-scale operations would more than com- 
pensate the displaced employees of the existing small 
firms if these firms were to be replaced by the larger 
more labor efficient operations. 


Marcotm M. Gerz, Ph.D. Yale 1973. The incidence of 
rapid transit in Atlanta. 


Pritt E. Grrrin, Ph.D. Tennessee 1972. Industrial 
concentration and firm diversification in bituminous 
coal with special reference to the southeastern 
United States, 1950-1970. 

This study presents an analysis of concentration 
and changes in concentration in bituminous coal. The 
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appreech is to view concentration in various markets 
with major emphasis on a southeastern submarket. 
Concentration figures are made available for buyers 
and seers. The study also presents data on coal firm 
diversiication. Essentially, the findings indicate rising 
conceniration levels in addition to increasing diversifi- 
cation. Another contribution af the study is the 
method and data supplied in defining a submarket. 


Paur 2. Girton, Ph.D. Southern California 1972. A 
constrained price discriminator: An application to 
the U.S, Pos: Office. 

In tas study the behavior of a profit maximizing 
third degree price discriminator operating in two 
markets is analyzed. The firm is further subject to the 
constraint P, = (1~d)P2, where d is a policy set dis- 
count rate and P, and Pa are the prices, Specifically, 
the impact of the discount rate d is examined under 
various assumptions. Subsequently, as an application, 
the theoretical models are fitted with 30 years of U.S. 
Post Oce data. Finally, various conclusions with their 
respective assumptions are presented and discussed. 


Roserr 5. Gorpen, Ph.D. California (Berkeley) 1972. 
Opt:mal hedging decisions for beef cattle feeders. 
The study is concerned with the development of a 

cattle purchase-hedging decision model. The model 
draws om the mean-variance approach to asset selec- 
tion and Holbrook Working’s theory of hedging stor- 
able commodities. Price expectations are required for 
the mədə] and are formalized through the use of an 
econome ric forecasting system. Spectral analysis is 
used in :he identification and estimation of the sys- 
tem. The study is concluded through an example of 
the use of the model. 


Atice W. C. Gortrn, Ph.D. Michigan 1973. Soviet 
firms and the rationalization of the shoe industry of 
the USSR. 


James W. GotcHer, Jr., Ph.D. California (Berkeley) 
1972. A systems approach to policies governing the 
design of an information dissemination system for 
the earth resources technelogy satellites. 


Rosert T. GREUBEL, Ph.D. Arkansas 1973. An evalu- 
ation on the performance of the electrical ma- 
chinery industry: A case study of an industry. 

The ndl hypothesis is that the action taken on the 
part of the government in the electrical conspiracy case 
did not make any difference in the performance of the 
transformer industry. In many ways the preconsent 
and pcstconsent time periods exhibit no difference in 
the performance variables analyzed. The possibility 
that collusive and noncollusive oligopoly may produce 
the same results and the data used may render this 
conclusiom an over-simplification. 


Rosert Hatvorsen, Ph.D. Harvard 1973. Residential 
demanc for electricity. 
Long-run elasticities of demand are estimated with 
pooled cross-section data. Because price is a function 
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of quantity purchased, a simultaneous equations 
model is estimated by TSLS. Estimates of long-run 
elasticities are robust. Electricity price is the most im- 
portant determinant of demend. Short-run elasticities 
are estimated for individua states with time-series 
data. The short-run estimates are sensitive to the 
choice of dynamic model. 


Homer J. Hotztanp, D.B.A. George Washington 1972. 
On the relative accuracy of the Delphi method as 
an aid in technological forecasting. 

An experimental study examining the relative accu- 
racy of three methods: Delphi, Committee, and Ques- 
tionnaire, for eliciting respcnses from groups of ex- 
perts. The study concludes that groups produce more 
accurate estimates when they use the Delphi Method 
as compared to the Committee or Questionnaire 
Methods. 


Wasry B, IsKanper, Ph.D Indiana 1973. The eco- 
nomic potential of copper in the Arctic. 

This study presents an analysis of the economic po- 
tential of copper in the Caradian Arctic, also referred 
to as the North, during the 1973-1985 period. The 
study deals specifically with the Yukon and North- 
west territories. The primary purpose of this study is 
to provide guidelines for appropriate amounts and di- 
rection of new investments on infrastructure for cop- 
per production. 


Mp Nourat Istam, Ph.D. McGill 1973. Interregional 
competition and comparative location advantages 
of North American newsprint industry. 


Grenn P. Jenkins, Ph.D. Chicago 1972. Analysts of 
rates of return from capizal in Canada. 

The principal objective af this study is to estimate 
the rates of social and private return and effective 
taxation that are produced by physical capital in Can- 
ada. This information is developed on a detailed sec- 
torial breakdown for the rears 1953 to 1969, and is 
used to evaluate the taxation gains from foreign 
owned capital, the social opportunity cost of public 
funds, and the economic cost of distortions created by 
the nonneutral taxation of income from capital. 


Pari J. Karst, Ph.D. Washington (St. Louis) 
1972. The effect on performance of the separation 
of ownership from contrcl. 


PETER Kemper, Ph.D. Yale 1973. The location deci- 
sions of manufacturing rms within the New York 
metropolitan area. 


Manrrep Kimmer, D.B.A. Harvard 1972. Design of 
management information systems: An approach 
“and case study. 

This thesis examines how one should determine the 
content and structure of a managenient information 
system (MIS) to support executive decision makers in 
managing the overall busiress. It presents a normative 
framework for MIS desiga, demonstrates its applica- 
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tion at a large hospital organization, and provides an 
authoritative appraisal by a panel of experts. As pre- 
cedents rather than prescriptions, the propositions and 
findings should point the way to more effective MIS 
elsewhere—in the health care sector, in government, 
and in private industry. 


Grorrrey R. Kinc, Ph.D. Southern California 1972. 

Arbitration of technological change. 

This study investigated the reported industrial labor 
arbitration cases involving technological change be- 
tween 1960 and 1970. The cases were analyzed for 
evidence of guiding principles and a common thread 
of rulings. The analysis covered union and company 
contentions, and the results of those contentions. 
There were eight conclusions from the study. 


CaroLe E. Kitri, Ph.D. Chicago 1973: Patent policy 
and the optimal timing of innovations. 


Reusen Kyte III, Ph.D. Tennessee 1972. Seller con- 
centration, price competition, and nonprice forms of 
competition in consumer goods industries. 

A number of theoretical analyses are consistent 
with the Lypothesis that sellers tend to substitute 
nonprice competition as seller concentration increases. 
A test of the hypothesis was devised using price flexi- 
bility, defined in various ways, to represent the extent 
of price competition and advertising as a proxy for all 
forms of nonprice competition. A sample of forty 
consumer goods industries offered support for the hy- 
pothesis. 


Juran E. Lance, Ph.D. Harvard 1973. The bidding 
process in the construction industry. 

A general framework for the analysis of the bidding 
process in construction is developed. The framework 
is then applied to the bidding process in a specific in- 
dustry sutmarket: i.e, state-initiated building con- 
struction in Massachusetts. Multiple regression tech- 
niques are employed to explain variations in contractor 
bids. The results suggest that the approach is a fruit- 
ful one and indicate certain promising avenues for ex- 
tensions of the research. 


Davip P. Levine, Ph.D. Yale 1973. Accumulation and 
technical change in Marxian economics. 


Epwarp B. Leviton, Ph.D. State University of New 
York (Binghamton) 1973. A cash flow theory of 
conglomerate mergers. 

This paper explores the hypothesis that with pas- 
sage of the Celler Kefauver Amendment (1950), effec- 
tively eliminating vertical and horizontal merger op- 
portunities, the conglomerate form of merger has de- 
veloped as an attempt to maximize growth consistent 
with profit maximization. Results of multivariate 
analysis appear to support the assertion that cash 
flow generation did play significant role in explaining 
merger activity during 1960's. 


Cuanteet Lewis, D.B.A. George Washington 1972. 
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Simultaneous equation production functions (Cobb- 
Douglas type) for decisions pertaining to seabased 
tactical air, 

The need for analytical aids to assist management 
in making input allocation decisions concerning the 
operating of military aircraft is quite clear. A number 
of authors have suggested that a Cobb-Douglas type 
production function exists in this situation. An expo- 
nential model is postulated and five aircraft cases are 
analyzed, R’ of .884 to .951 were obtained. The paper 
concludes that an exponential model is appropriate for 
military aircraft capital versus labor investment deci- 
sion. 


CHARLES A, Lucxert, Ph.D. Georgtown 1973. A 
model of the markets for automobile sales and 
credit. 

Three alternative models are developed to explain 
quarterly automobile unit sales and credit, 1961-70. 
The best performing model contains four equations, 
solved recursively, for yearly changes in auto sales, 
credit extended, the Commerce Department’s Buying 
Intentions Index, and a loan terms index based on 
contrac: maturities and down-payment percentages. 
Loan terms prove a significant determinant of credit 
usage. Buying intentions and employment variables 
are found superior to income variables in explaining 
sales. 


Rurus A. Lyman, Ph.D. Northwestern 1972. De- 
mand conditions in the electrical power industry: 
_ An econometric study. 

The dissertation investigates demand conditions in 
the residential, commercial, industrial, and public 
street and highway lighting categories of customers. 
Data are for utilities and were collected for the period 
1959-68. The model is specified with a general func- 
tional form of which the linear and log-linear forms 
are special cases; non-linear regression methods are 
used. Results of interest concern the specification of 
interaction terms, climatic variables, and income dis- 
tribution variables. Also of interest are price elastici- 
ties and income redistribution effects. 


Taomas W. Mason, Ph.D. Pittsburgh 1972. The 
effects of entry: A study of the American aluminum 
industry. 

This thesis examines the effects of the structural 
changes due to the entry of new firms into primary 


aluminum. production in the United States. Alterna- ` 


tive models of price determination are formulated, 
and their predictions are compared with the actual 
prices for primary aluminum ingot for the years 
1923-40 and 1947-68. Results indicate that the entry 
of additional manufacturers brought about changes’ in 
conduct and lower prices for virgin aluminum in the 
postwar market. 


Joan C. Moore, Jr, Ph.D. California (Berkeley) 
1972. The least cost organization of cotton ginning 
facilities in California’s San Joaquin Valley. 

The basic objective of the study was to determine 
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the size number, and location of cotton gins in the 
San Joaquin Valley that would minimize assembly 
and prccessing costs. Costs were developed through 
the cost synthesis approach and the final solution was 
derivec using a variation of the linear programming 
transportation model. The analysis included extended 
ginning seasons and seed cotton storage. It was found 
that Sar Joaquin Valley cotton farmers could reduce 
costs considerably if the least cost system were 
adopted. 


Freperick J. E. Morrissey, D.B.A. George Washing- 
ton 1072. The law and licensed lending: Georgia in 
the 1950's. 

The. twin objectives were to portray the personal 
loans merket served by the consumer finance industry 
and to determine the bases for the high ranking in 
loan service of the industry in Georgia. The market in 
Georgia was found to be not one market, but tc com- 
prise thr2e distinct, noncompetitive markets. The high 
degree o= loan services were ascribed to: the historical 
evoluticn of consumer finance in the state; the pres- 
ent Jaw which provides for borrower’s protection, 
handsom:2 charges, and generous loan ceiling; and the 
liberal irterpretation of the convenience and advan- 
tage clause. 


Ricaan D. Murray, Ph.D. Michigan 1972. The de- 
terminants of the extent of multiplant operation in 
U.S. manufacturing industries. 


Rosert H. NicHorson, Ph.D. North Carolina State 
1972. An economic evaluation of alternative food 
service systems for the North Carolina Department 
of Correction. 

This study examines the relative costs of alterna- 
tives to the food delivery system operated by the 


- North Cerolina Department of Correction. After de- 


scribing =2conomic relationships among expenditure 
categories, and identifying technologically feasible sys- 
tems, péertial budgeting techniques are used to select 
the food delivery system offering maximum budgetary 
savings. A centralized production and distribution sys- 
tem opereted by Department of Correction personnel 
was found to give the lowest projected budget. The 
future possibilities of wage payments for inmate labor 
and use cf noninmate employees in the central com- 
missary {d> not change this conclusion. 


Yuxio Nocucui, Ph.D. Yale 1972. An economic the- 
ory of ciffusion of knowledge. 


Yeus-Yon CxHenc O'Brien, Ph.D. Hlinois (Ur- 
bana) 1973. Intertemporal equilibrium models of a 
monopoly and the analysis of tax effects. 


Gerard V7. Orson, Ph.D. Rutgers 1973. Consumer 
demand for services in the United States, 1947-69. 
Five dynamic models of consumer demand for ser- 

vices are tested to determine the causes for the rapid 

growth of service expenditures and service prices since 

1947. Usirg the results of these estimates, expenditure 
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projections and policy simulations are made to deter- 
mine the optimum set of policy actions to stem the 
inflationary pressure arising from the service sector. 


Frankin L. ORTH, JR, Ph.D. Tennessee 1970. An 
empirical analysis of the relationship between diver- 
sification and profitability in the 1000 largest indus- 
trial corporations, 1965. 


Howarp E. Overcast, Ph.D. Virginia Polytechnic In- 
stitute 1973. The survivor technique: Reappraisal 
and revival. 

The survivor technique here uses a statistically con- 
sistent chi-square test to compare the temporal distri- 
bution of plants. Minimum efficient size is estimated 
by a Statistical rule which is based on a hypothesis 
concerning the relevant distr-bution. This rule yields 
results somewhat similar to those obtained previously. 
The particular advantages of this particular appraisal 
are: a longer time period, a larger sample, and the use 
of a consistent statistical rule rather than a rule-of- 
thumb. 


Un-sum Park, Ph.D. Pittsburgh 1972. A study of 
technical progress in the U.S. aggregate economy. 
The biased disembodied technical progress under 

neoclassical production funct:on model is inconsistent 
with the near constancy of the share ratio if strict 
constancy of the elasticity of substitution is adhered 
to. Certain law of movement of elasticity of substitu- 
tion is established. The vary:ng elasticity of substitu- 
tion is also estimated by capturing the shifting char- 
acteristics of CES production functions in a way 
which is statistically consistent. This also leads to the 
estimation of biased technical progress. 


Ropert A. Prrrs, D.B.A. Harvard 1972. Variable in- 
centive compensation for division general managers 
in diversified companies. 

This thesis compares variable incentive compensa- 
tion schemes for division general managers in eleven 
large diversified firms, six oz which have grown pri- 
marily through internal development (Borg-Warner, 
Corning Glass Works, General Electric, Honeywell, 
3M, and Westinghouse), five primarily through acqui- 
sition of other companies (AMF, Gulf & Western In- 
dustries, ITT, Midland-Ross, and Sybron). Incentive 
compensation awards for division general managers 
are found to be generally more affected by corporate 
performance, subject to more top management discre- 
tionary influence, larger, anc. subject to a wider pay- 
off range in the former than the latter group of firms. 


RAWLEIGH H. Ratrs IT, D.B.A. George Washington 
1971. A time-series analysis of the nature of the de- 
mand for life insurance. 

This study investigates at the industry level the re- 
lationships that exist between aggregate consumption 
and savings and the sale of life insurance products. 
Investigation at the company level is also carried out 
with data of considerably more detail than that avail- 
able at the national level. The investigations reveal 
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that protecticn appears to be purchased when savings 
are high, anc the savings component of a life insur- 
ance product appears to be purchased when consump- 
tion is rising. 


Frepreric D. Ranpatyt, D.B.A. Harvard 1972. Corpo- 
rate strategies in the drug industry: A study of 
strategic response to social and political pressures. 
This thesis examines strategic response within firms 

in one industry that has experienced significant social 
and political pressures. It describes what strategies 
emerged and why. Field research was conducted in six 
drug firms to determine strategic response in several 
areas of activity. Strategies fell into one of three pat- 
terns depending on each firm’s internal characteristics 
in two key areas——innovation and vulnerability. These 
dictated strategies in product, marketing, pricing, 
management, finance, and in consumer and govern- 
ment relations. 


ANTHONY A, Romeo, Ph.D. Pennsylvania 1973. In- 
terindustry differences in the diffusion of an innova- 
tion. 


Josera M. Roop, Ph.D. Washington State 1973. The 
economic organization of state agricultural experi- 
ment stations. 

The behavior of a specific type of nonprofit organi- 
zation, state agricultural experiment stations, is exam- 
ined. The aralytical tool is derived from that branch 
of the theory of organizations most closely associated 
with the narnes of Chester I. Barnard and Herbert A. 
Simon. The inducements-contributions approach to 
organizational theory is used to develop a behavioral 
and structural model of experiment station activity. 
The model is capable of generating independent evi- 
dence bearing on a number of the suggested hy- 
potheses. 


Harvey RosensiuM, Ph.D. California (Santa Bar- 
bara) 1972. The structural determinants of merger 
activity : 1948-1968. 


Georce R. Sanperson, Ph.D. Stanford 1972. The 
differential impact of macroeconomic conditions on 
industry profits. 


Jurres J. Scawartz, D.B.A. Harvard 1973. The decision 
to innovate. 

Exploratory field studies in two high-technology 
firms confirmed the applicability of Bower’s resource 
allocation model to technological innovation decisions. 
Managers contributed to problem solving by articu- 
lating strategy, negotiating criteria and preparing sup- 
porting business plans. They managed risk by factor- 
ing problems and imposing schedules in return for 
their support. Large rewards to innovators were legit- 
imized by sharing responsibility for outcomes. Propo- 
sals assumed a conservative bias and were incremental 
rather than radical in nature. 


Extiotr D. Serar, Ph.D. Tufts 1972. The public 
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financing of transportation in the greater Boston 
areg. 


Jonn J. Srecrriep, Ph.D. Wisconsin (Madison) 1972. 
The relationship between economic structure and 
the effect of political influence: Empirical evidence 
from the Federal Corporation Income Tax Pro- 
gram. 

This study attempts to demonstrate that systematic 
empirical analysis is possible for the important issues 
overlapping the area of political science and econom- 
ics. The sample consists of 1963 corporation income 
tax information and economic variables aggregated by 
IRS “minor industry.” In general, it is found that 
firm size is negatively correlated with the effective 
average corporation income tax rate; market concen- 
tration and the profit rate are positively related to the 
tax rate; and industry size and the geographical dis- 
persion of an industry’s employment are not associ- 
ated with variations in the tax rate. 


James H. Soop, D.B.A. George Washington 1972. A 
study of the international computer industry and a 
projection of the effect of the American computer 
industry on the U.S. balance of payments from 
1969 to 1975. 

It is anticipated that the American computer manu- 
facturing industry will have an increasingly larger im- 
pact on the U.S. balance of payments in the future. 
This study is concerned with the development of the 
projection of the effect of this industry on the U.S. 
balance of payments from 1969 to 1975. This projection 
should then provide a more complete understanding 
of the economic and financial strength of the United 
States during this period. 


Joun R. Sroppen, PhD. Illinois (Urbana) 1972. 
Firm. size, industry structure, and cost of capital. 


Horst SYLVESTER, Ph.D. Michigan 1972. New and 
used cars as consumer alternatives. 


Ricuarp F. Syron, Ph.D. Tufts 1972. An analysis of 
the collapse of the normal market for fire insurance 
in substandard urban core areas. 


Daviv J. THomsen, Ph.D. Oregon 1973. The analysis 
of conglomerate performance. 


Davin Trerney, Ph.D. Temple 1972. Employment 
effects of textile imports. 


Tuomas F. Torres, Ph.D. Pennsylvania State 1972. 
Economic descriptions and simulation of the con- 
struction aggregate industry in the Allentown-Beth- 
lehem-Easton area of Pennsylvania. 

The industrial and chemical stone industry is de- 
scribed in economic terms. The demand for industrial 
and chemical stone is forecast for the Allentown, Beth- 
lehem, Easton, Pennsylvania area for the years 1968 to 
1975. The potential study of raw materials to satisfy 
the demand for aggregate materials is identified in the 
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study area. A computer simulation model is constructed 
and operated to select the most profitable supply areas. 
An optmal solution occurs when the overall gross cost 
to the consumer is minimized and the profits of all the 
individuel producers are maximized, subject to all pro- 
duce-s receiving a specified minimum rate of return on 
sales ard subject to all demand for all materials being 
satisfied. 


Joen M. Trapani, Ph.D. Tulane 1972, The role of 
money in the theory of production: A theoretical 
and empirical analysis. 

The durpose of this thesis is to develop and test a 
microeconomic model that explains the sources of 
productivity of money balances held by firms. It is 
shown conceptually that money balances conserve on 
entrepreneurial effort in acquiring conventional inputs, 
and thet such balances may reduce unit production 
costs. This implication is tested using cross-section 
sampes of electric utilities and the above hypothesis 
cannot be rejected. The influence of monetary inten- 
sity upon the firm’s equilibrium capital-labor ratio is 
also enélyzed theoretically and empirically. 


Antory B. T. WERNER, Ph.D. Pennsylvania State 
1973. The financing of the Canadian metal mining 
industry, 1945-1960. 

The demand for and supply of funds to the Cana- 
dian metal mining industry in the 1945 to 1960 period 
is examined. Foreign demand for Canadian mineral 
products is considered to have provided the chief 
stimulus for the expansion of the Canadian metal 
mining _ndustry. Techniques used to finance the min- 
ing industry are outlined. Returns to net capital are 
found to have declined, as did returns to investors 
between 1954-59 and 1960-65. No definable rela- 
tionship is found to exist between risk and reward in 
the case of the Canadian mining industry. 


Wririam W. Wires, Ph.D. Wisconsin (Madison) 1973. 
Identifying characteristics of acquired, acquiring, 
and nonmerging banks. 


ALBERT L. WINKLER, Ph.D. Kansas State 1972. In- 
vestmant among the states. 


Darya NW. Wurn, Ph.D. Michigan 1973. The relations 
among industrial profitability measures, concentra- 
tion, &rm size, capital intensity, growth, and dusi- 
ness risk, 1960-1968. 


Paut B. Zimmer, Ph.D. California (Los Angeles) 
1973. Benefits and costs of peak period congestion 
tolls cn the Tokyo urban expressway network. 


Agriculture and Natural Resources 


Rosert L. Apams, Ph.D. Dlinois (Urbana) 1972, An 
economic analysis of the junk auto problem. 


Antonic Acutrre, Ph.D. California (Berkeley) 1972. 
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Welfare cost of protection: The fertilizer industry in 

Argentina. 

The object of this study is to analyze the situation 
of the nitrogenous fertilizers industry in Argentina, 
which is an example of the implementation of the in- 
dustrialization policy via imzort-substitution. An at- 
tempt is made at estimating the lower limit of the 
welfare cost of protection cf this “infant” domestic 
industry. Finally, an evaluation of the social costs and 
benefits of alternative policies is made and its implica- 
tions analyzed. 


MuppatHir A. Anume, Ph.D. Arizona 1972. Elec- 
tronic data processing as a tool in farm manage- 
ment: A case study of Arizona AMAP users. 

The bulk of electronic data processing programs 
now in use by both public and private agricultural 
concerns are directed at tke following three objec- 
tives: to supply records for tax and financial pur- 
poses; to supply cost and return analysis for enter- 
prises and general farm management; and to provide 
a source of data for research and educational pur- 
poses. However, actual use by farmers is concentrated 
on the first objective. 


Dovctas R. A. Becx, Ph.D. Iowa State 1972. Water 
quality and community viability. 

This project determines implications for regional 
growth when water quality parameters were imposed 
on specific industries. A quaatitative model was devel- 
oped as the basis for cbmputer simulation of an eight- 
county Iowa F.E.A. to provide information and pro- 
jections for use in planning service and industrial 
development under water quality constraints. An envi- 
ronmental impact program permits an analysis of ma- 
jor demographic-economic interactions, their relation- 
ship to water quality controls and their impact on 
specific sectoral reallocatiors of employment, output, 
and investment within the regional area. 


Frep J. Benson, Ph.D. Missouri 1972. Technical pro- 
duction function estimates for corn which include 
weather variables. 


Jacques Bras, Ph.D. Misscuri 1972. Economic analy- 
sis of the influence of resources restrictions on farm 
output and total income in a region of Spain. 


Arpo L. Bionpo.itto, PhD. Minnesota 1972. Social 
cost of production instability in the grape-wine in- 
dustry : Argentina. 


Micuaret F. Braptey, Ph.D. Cornell 1973, Proposal 
for long-term apple processing marketing contracts. 
This study analyzes trad-tional grower-processor re- 

lationships in the apple incustry and the problems as- 

sociated with price makirg. Included are price and 
cost differentials for specific quality variations which 
form the basis for long-term forward formula pricing. 

The study concludes with mode! contracts including a 

number of alternatives to satisfy individual grower- 

processor needs. 
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Maurice H. Brucker, Ph.D. Illinois (Urbana) 1973. 
Computer-based retirement planning system for 
farmers with low income. 


Crank R. Bursee, Ph.D. Minnesota 1972. Adjust- 
ments to improve the competitive position of the 
upper midwest turkey industry. 


Bruce O. Byram, Ph.D. Colorado State 1972. The 
economics of technical change: With special empha- 
sis on Coloraco agriculture. 

Development and application of methodology 
which quantifies the impact of resource development 
and technological change on gross output in the agri- 
cultural sector of a multi-county region has lagged the 
specification of similar models at the national level. In 
an attempt to narrow the gap, this thesis develops 
economic models which relate gross output to inter- 
mediate inputs and technical change inputs for the ag- 
ricultural sector of Colorado znd multi-county regions 
of the state. 


GERALD R. Campsett, Ph.D. Michigan State 1973. 
Procurement contracting and sow leasing as vertical 
coordination arrangements in the hog-pork subsec- 
tor. 


José L. CarvaLtHo, Ph.D. Chicago 1972. Production, 
investment and expectations: A study of the United 
States cattle industry. ’ 

Conciliation between production and investment 
theories is attempted through the use of a dynamic 
model which implies profit maximization over time. 
The maximization problem is solved with the help of 
an IBM/3€0 by means of a computer language, FOR- 
MAC, which allows algebraic manipulations. Expecta- 
tions formation about future prices prove to be very 
important for the profit maximization, and a “quasi- 
rational” model based on time-series analysis is pro- 
posed. Empirical tests are performed with satisfactory 
results. 


Donato G. CHaFIN, Ph.D. Ohio State 1973. Eco- 
nomic analysis of futuristic beef cattle and forage 
production systems. 


Sean B. Cain, Ph.D. Misscuri 1972. Exhaustible re- 
sources and technological change in U.S. agriculture, 
1940-1969. 


Jon M. Conran, Ph.D. Wisconsin (Madison) 1973. 
Uncertain externality: The case of oll pollution. 
Many substances which generate external disecono- 

mies also involve elements of uncertainty; specifically, 

the extent of the divergence between social and pri- 
vate cost may not be known in the present. This phe- 
nomenon was entitled uncertain externality and was 
seen to arise from random elements of certain syn- 
thetic and natural systems. Oil pollution is a special 
case of uncertain externality. The uncertainty arises 
from: random elements of the (synthetic) closed sub- 
system; unpredictable physical conditions present 
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when a spill occurs; and incomplete biological infor- 
mation on the effects of crude and refined oils on ma- 
rine populations. 


Sanby A. D’Aguino, Ph.D. Colorado State 1972. Op- 
timum allocation of natural resources. 

This study develops a general formulation of a de- 
terministic linear programming model that can be ap- 
plied to management of resource systems. This deter- 
ministic model would, in turn, be related to a stochas- 
tic model which would determine discount rates for 
“risk” in coefficients of the resource model. The study 
had three main objectives: to assist managers in opti- 
mum allocation of resources; to adjust allocation 
of resources as a result of variance-covariance in coef- 
ficients of the model; and, to calculate necessary 
adjustment in the discount rate as a result of vari- 
ance-covariance in product prices. 


Leroy Davis, Ph.D. Illinois (Urbana) 1972. Relation- 
ship of market structure to spatial and temporal 
pricing patterns in the grain industry. 


ALVIN J. De Borer, Ph.D. Minnesota 1972. Technical 
and economic constraints on bovine production in 
three villages in Thailand. 

Thai bovine production has lagged behind the rest 
of agriculture. A one year study of three Thai villages 
was used to model village bovine resource allocation. 
Marginal value products of crop production resources 
were estimated and charged against bovine enterprises. 
Internal rates of return were estimated for ten types 
of production represented. These indicated few ine- 
ciencies in the existing system. Further models were 
constructed incorporating technical change and its 
likely eifects on the system. 


Rarrs D. Erorr, Ph.D. North Carolina State 1972. 
The industrial demand for water and waste treat- 
ment in’ selected U.S, cities which are levying sur- 
charges. 

A study of thirty-three cities which have been levy- 
ing surcharges based on the strength of industrial 
wastes showed that these charges provide a worth- 
while incentive for firms to recover or otherwise dis- 
pose of wastes that are now flushed away with water. 
Industrial demands for water and waste treatment are 
both negatively related to marginal charges for water 
and surcharges, as expected. Elasticities are thought to 
fall in the range of —0.5 to 1.0. 


THEODORE J. ELLs, Ph.D. Colorado State 1972. Role 
of oil shale in U.S. energy mix. 


ELizaABETH B. Ertcxson, Ph.D. Illinois (Urbana) 1972. 
A linear programming model for analysis of irrigation 
agriculture in northwest Mexico: A pilot study of 
three irrigation districts. 


Marvin R. FAusett, Ph.D. Missouri 1972. An empir- 
ical study of the economic growth and capital for- 
mation on selected Missouri dairy farms. 
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Eg 
Rıcaaw S. Fenwick, Jr, Ph.D. Missouri 1972. Capi- 
tal acquisition-strategy for Missouri farm supply 
cooperatives. 


Jura M. Frievman, Ph.D. Oregon 1973. Minimizing 
the zost of water quality control for the Willamette 
River Basin, 


NorBer7o FrrcELro, Ph.D. Michigan State 1973. Alter- 
native wholesale facility arrangements for fresh 
fruits and vegetables in the Buenos Aires metropoli- 
tan region. 


Joun C Gamsız, Ph.D. Illinois (Urbana) 1973. Eco- 
nomic evaluation of the impact of alternative envi- 
ronmental regulations and waste management sys- 
tems on Hlinois hog producers. 


GERALD L. GEHRE, Ph.D. Arkansas 1973. The mea- 
surement and role of dairy producer’s economic 
perception and attitudes toward class I base plans. 
The primary objectives of this study were to mea- 

sure dairymers’ economic perception and attitudes 
and to relate these attributes along with sociceco- 
nomic variables to preferences for base plans. Some of 
the statistical tools employed were Mann-Whitney 
U-test, chi-square and multiple regression. Conclusions 
were that policy makers should consider: regional 
variances in perception and attitudes; the “free rider” 
problem in a voluntary base plan; and attitudes and 
socioeconomic factors in developing an economic pro- 
gram. 


Apam Cirrorp, Jr, Ph.D. California (San Diego) 
1972. Environmental issues and economic growth. 
Pollution, natural resource constraints, and recy- 

cling are considered within the context of aggregate 
growth models. The analysis describes the types of re- 
actions the economy can make when confronted with 
such env.ronmental problems. The results suggest the 
possibilit of maintaining a viable environment along 
with ecoromic growth. 


GURMUKH S. Grrr, Ph.D. California (Berkeley) 1972. 
Demand and supply of wastepaper with policy im- 
plications for quality of the environment. 
Emploving available empirical evidence, a case is 

made fer increased recycling of wastepaper in urban 
refuse. Daspite this, increased recycling is considered 
unlikely until economic constraints on the reuse of 
wastepaper are recognized and removed. To help 
identify sach measures, the demand and supply func- 
tions for wastepaper in the United States are econo- 
metrically estimated and the computed elasticities are 
used as measures of relative effectiveness of various 
constraints. Some measures to reverse or offset the 
identified constraints are recommended while others 
are suggested for further investigation. 


Darret I. Goon, Ph.D. Michigan State 1972. Poten- 
tial impact of environmental pollution abatement 
alterret.ves on the Michigan dairy farming indus- 
try. 


=- 
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RicHarp D. GreeEN, Ph.D. Missouri 1972. Expectation 
formulations and optimal decisions in cattle feedlot 
problems. 


Exruiot S. Grossman, Ph.D Rutgers 1973. National 
and state level econometric models of the U.S. as- 
paragus industry, 1948-196€9. 7 
An examination of static supply and demand mod- 

els on the national and state levels including farm 

level relationships for all asparagus, and for fresh and 

. process asparagus taken seperately. Included are fore- 

casts for 1970 and 1980. A production function is esti- 

mated using the pooling method. A geometric distrib- 
uted lag model of the national all-asparagus supply is 
estimated via a modification of Wallis’ method and by 

Dhrymes’ double search method. 


JORGE GUTIERREZ~VILLARREsL, Ph.D. North Carolina 
State 1972. Investment alternatives in the processing 
of North Carolina apples. 

The profitability of a variety of apple processing 
activities was evaluated for three sizes of plants oper- 
ating for three lengths of season. Initial investment, 
equipment specifications, and operating costs were cal- 
culated for single and mulciple-product plants which 
produced canned slices, sauce, frozen slices, juice, 
vinegar, concentrate and essence and apple butter. 
Calculated internal rates of return indicate that juice 
and juice-sauce in combination have the greatest 
profit potential. The effects of level of raw and fin- 
ished product prices, conversion rates and raw prod- 
uct availability on rates of return are examined. 


TExETEL Harre-Mariam, Ph.D. Stanford 1973. The 
production, marketing, and economic impact of 
coffee in Ethiopia. 

Coffee accounts for more than 50 percent of Ethio- 
pia’s export earnings and nearly 13 percent of its 
monetary GDP. This analysis measures the coffee in- 
dustry’s gross value-added and net contributions to 
national income, contributions of foreign exchange 
and savings to noncoffee sectors, and linkages with the 
domestic economy. Findings are that the popular view 
that Ethiopian coffee comes from natural forests is 
incorrect; the supply of coffee is low relative to do- 
mestic and export demand, and export demand and 
expansion of exports hava not been seriously con- 
strained by the world quota system. 


Osman A. Haxim, Ph.D. Arizona 1972. The effects of 
the U.S. cotton policy on the world market of 
extra-long staple cotton. 

The Sudan of which the author is a citizen is one of 
the major producers of extra-long staple cotton. On 
the other hand, the United States is the world’s 
largest producers of cotton. The U.S. cotton policy is 
assumed to have some effects on the world market for 
extra-long staple cotton. 


Rowatp J. Hanson, Ph.D. Illinois (Urbana) 1972. 
An economic analysis of off-farm income as a factor 
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in the improvement of the low farm income farm- 
ers in Illinois. 


ALLAN J. Harris, Ph.D. Kansas State 1973. Economic 
incentives in dryland crop-share leases, western 
Kansas, 1951 and 1970. 


Wayne Havensa, Ph.D. Michigan State 1973. The 
effects of bank mergers on financial services avail- 
able to rural Michigan residents. 


Rosert B. Herms, Ph.D. California (Los Angeles) 
1973. The effectiveness of Federal Power Commis- 
sion regulation of the field market for natural gas. 
The effectiveness of the FPC’s regulation of the 

natural gas field market is tested by estimating supply 

relationships for the period 1945-60 and then com- 
paring projected and actual prices and reserves for the 
period 1961-69. The study concludes that area rate 

regulation caused a shortage of gas only after 1967, 

The control of field prices is shown to have provided 

an monopsony benefit to regulated pipelines at the 

expense of natural gas producers and consumers. 


Ricwarp C. Hoyt, Ph.D. Minnestoa 1972, A dynamic 
econometric model of the milling and baking indus- 
tries. 

This dissertation encompasses variables such as the 
U.S. demard for baked products, domestic and export 
demand for wheat, U.S. and foreign wheat production 
capabilities. dcmestic and overseas demand for hard 
red winter and spring wheats, and the domestic de- 
mand for millfeed in a simulation framework in order 
to determine, for example, the impact of different hy- 
pothetical government programs on crop prices and 
prices and profits in the milling and baking industries. 
The model is also amenable to experimentation with 
respect to any of the other approximately 100 vari- 
ables contained therein. 


James D. Howetz, Ph.D. Ohio State 1973. Large 
farm organization in east central Ohio. 


Rosert D. Hunt, Ph.D. Minnestoa 1972. The con- 
trasted effects of quota, autarky and free trade poli- 
cies on U.S. beef production and prices. 

The study attempts to estimate the effects of the 
U.S. Meat Import Quota on U.S. beef prices and pro- 
duction and make some assessment of the resultant 
welfare costs. A block recursive system consisting of a 
single equation beef import sector and a simultaneous 
equation domestic beef production and consumption 
sector was estimated. Analysis showed welfare costs to 
be significant though not large. The income transfer 
effect was also estimated and related to the social cost ` 
of the transfer mechanism. 


Francis S. IpacHaBA, Ph.D. Michigan State 1972. 
Marketing board taxation of Nigerian agriculture: 
Some implications. 


Bouwo M. Jerrema, Ph.D. North Carolina State 


~ 
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1972. Analysis of the world market for groundnuts 

and groundnut products. 

Usirg a market simulation model, which included 
twenty-five country grcups and four seasons of the 
year, the most profitable markets and seasonal trade 
flows were identified for all exporters of groundnuts 
under free trade conditions taking into account costs 
of transportation and storage. The effects of various 
tariff policies of the EEC and the United Kingdom 
were calculated in terms of changes in producer and 
consumer surpluses and in government revenues. The 
overall net effects of the tariffs were found negligible, 
but the income transfers substantial. 


FARRELL E. Jensen, Ph.D. Kansas State 1972. A 
comparison of demand and factors affecting con- 
sumer acceptance of fresh and frozen meat as deter- 
mined from a retail market test. 


RicHarp E. Just, Ph.D. California (Berkeley) 1972. 
Econometric analysis of production decisions with 
government intervention: The case of the Califor- 
nia field crops. 

Decision theory and the economic theory of risk- 
bearing are used to develop an econometric model of 
decisions made with chanzing risk. The effects of gov- 


_ ernment farm programs are then included. The model 


is used to investigate the effects of government pro- 
grams on acreage decisions in California. Acreages 
regulated directly by marketing quotas appear to be 
highly influenced by their programs while crops with 
voluntary programs are influenced more by risk and 
quotas for competing crops. 


James B. Krresensrern, Ph.D, Mlinois (Urbana) 
1972. An economic analysis of the effects specialty 
grains should have on production decisions made by 
farmers. 


Pan L. Knox, Ph.D. California (Berkeley) 1973. 
The U.S. beef cattle industry: A policy analysis with 
costs of adjustment theory. 

The three segments of the study are the develop- 
ment of a theoretical modz! including costs of adjust- 
ment for input changes, the estimation of the model, 


- and the application of the model to the evaluation of 


current beef import policies. In the imperfect, dy- 
namic setting with largely naive expectations, pro- 
ducer incomes were found to decrease as a result of 
the beef quota on importation. Slow adjustment nega- 
ted immediate income gains and overadjustment for 
the longer period resulted :n lower prices and income. 


JERRY J. Kropr, Ph.D. Missouri 1972. Social indica- 
tors of efficiency and equity convergence in four 
distressed regions. 


Hyper A. G. LAKHANI, Ph.D. Maryland 1972. Some 
static end dynamic relationships between economic 
development and environmental quality. 

This study attempts to ind the nature and extent 
of relationship between economic development and 
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environmental quality. The static framework Lypoth- 
esizes an inverse relationship between economic devel- 
opmert and environmental quality by means of trans- 
formation curves and social indifference curves and 
tests it-ay multiple regression equations for air quality 
in 10C SMWSAs. The dynamics postulates a Gompertz 
functier. for diffusion of environment-saving tech- 
niques in petroleum refining and tests it by two-stage 
least squares. 


Leerant D. Lampert, Ph.D. Michigan State 1973. 
Regional trencs in the productivity of American 
agriculture. 


Kyounc W. Les, Ph.D. Iinois (Urbana) 1973. Multi- 
variete analysis and geographical comparison of the 
demend for grain dryers in four midwestern states. 


Davin A. Liss, Ph.D. Ilinois (Urbana) 1972. An 
analys:s of sources and uses of funds in the farm 
sector of the United States. 


Kennera J. McKenziz, Ph.D. Michigan State 1972. 
An e:cnomic analysis of selected agricultural exten- 
sion programs in Colombia, South America. 


Nrxorags S. Martinos, Ph.D. Iowa State 1973. a) 
Econometric models of the Jebor market in the 
farm sector of the north central region of the 
U.S.A; b) The demand for farm labor in the 
USA. 


Harvey A. Merer, Ph.D. Ohio State 1972. Agricul- 
tural lending attitudes, practices, and activities of 
Ohio «cmmercial bankers. 


Cevoer Ocut, Ph.D. Missouri 1972. Technical re- 
sponse functions for corn—an economic analysis of 
nitrogen fertilizer experiments. 


Kao-Twan Onc, Ph.D. Illinois (Urbana) 1973. 
Quant.tative analysis of applying random coefficient 
regression model to the short-run fluctuations for 
hogs. 


Harve Onis, Ph.D. Illinois (Urbana) 1973. Spatial 
and temporal resource allocation methods for agri- 
cultural watershed planning. 


Inya K. Fark, Ph.D. Georgetown 1972. Measurement 
of environmental externality in particular reference 
to nois. 

Beginnirg with an exposition of the general concept 
of extermaiity as refated to market failure and the di- 
vergence of social and private costs, and the environ- 
mental pollution as a case of externality, the disserta- 
tion develops a method for measuring environmental 
externality through testing the hypothesis that the ex- 
ternal dissconomy cf aircraft noise is capitalized nega- 
tively irto residential property values. If two proper- 
ties are identical except being subjected to two differ- 
ent levele of noise, the difference in the price repre- 
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sents the perceived damages éttributable to the differ- 
ence in the noise. 


ALFRED L. Parks, Ph.D. Illinois (Urbana) 1973. The 
effects of wage contract provisions in the contracts 
of wholesale milk drivers on total wage payments 
and unit labor delivery costs ic the fluid milk in- 
dustry. 


Davin L. Peacocx, Ph.D. Michigan State 1972. The 
adoption of new agricultural practices in northeast 
Brazil: An examination of armer decision making. 


Sreven M. Prase, Ph.D. Yale 1973. The spatial agri- 
cultural economy: A theoretical study with special 
reference to Brazil. 


FREDERICK M. Pererson, Ph.D. Princeton 1972. The 
theory of exhaustible natcral resources: A classical 
variational approach. 

A partial equilibrium, present value maximizing 
model of an extractive industry is solved by classical 
variational methods with the assumption of continu- 
ous time, perfect certainty, ard an infinite time horizon. 
The basic model is augmented to include technical 
progress, exploration, and recycling. The effects of 
monopoly, externalities, and tax policies on the time 
paths of exploration, mining, recycling, and prices are 
determined by a priori reasoning and by numerical 
analysis. 


Davip C. Petritz, Ph.D. Hlinois (Urbana) 1972. Eco- 
nomic implications of the effects of climatic stress 
on shelter alternatives for finishing cattle. 


ALLAN P. RAEN, Ph.D. Iowa State 1973. A quarterly 
simulation model of the Lvestock and poultry sub- 
sectors for use in outlook and price analysis. 

This study develops a systematic procedure for gen- 
erating intermediate term outlook information for use 
by decision makers in the fve major meat producing 
industries in the United Utates. These five industries 
include those- producing beef, pork, lamb and mutton, 
broiler and turkey meat. The procedure utilizes a 47- 
equation open structural svstem econometric model 
which is designed to be opezationally manageable and 
capable of satisfying the “online” temporal require- 
ments of an active outlook mformation program. 


Javap M. Sanesi, Ph.D. Michigan State 1972. An 
economic analysis of alternative corn irrigation sys- 
tems in southwest Michigan. 


MICHAEL A. SALANT, Ph.D. Stanford 1973. A strategy 
for operating the upper Pampanga irrigation proj- 
ect: A case study in dynamic optimization involv- 
ing risk, 

An adaptive stochastic model for a dam-reservoir 
irrigation system is constructed and solved to deter- 
mine the optimal planted area, throughout the crop 
year, for irrigated rice production. The model over- 
plants initially to take advantage of possible wet 
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years, but cuts back to avoid crop failure if the year 
is dry. The adaptive stochastic model is compared, us- 
ing historical simulations, with various nonadaptive 
stochastic models and with a deterministic model. Im- 
plications for double-cropping are discussed. 


Hormoz Sarem, Ph.D. Cornell 1973. An econometric 
analysis of the demand for animal protein in Iran. 
Cross-sectional data from four household consump- 

tion surveys was used to determine the demand for 

mutton, beef, poultry, and fish in Iran. The effect of 
income distribution on the demand for animal protein 
was analyzed by use of a log-normal frequency distri- 
bution in conjunction with the Lorenz coefficient. The 
analysis indicated that the demand for mutton will 
exceed internal production by approximately 195 
thousand tons annually by 1979. 


Grant W. ScHaAumsBurc, Ph.D. Harvard 1973. The 
Paretian model: An application to the Syracuse air 
pollution proklem. 

This thesis tests the Paretian model through an ap- 
plication to the Syracuse, New York air pollution 
control problem. The Paretian model is a mathemati- 
cal method of generating Pareto optimal outcomes of 
a bargaining-oriented public decision process. It can 
be used either as a descriptive and predictive tool, or 
as an alternative to conventional benefit-cost analysis. 
The test results indicate that the Paretian model is a 
potentially valuable tool for applied economics and 
systems analysis. 


Davip L. Scorr, Ph.D. Arkansas 1973. The economics 
of environmental pollution: The case of the electric 
power incustry. 

An investigation into the types of residuals, meth- 
ods of abatement, and costs of control of pollution 
for the electric power industry. Both fossil-fuel and 
nuclear plants are examined and control expenses are 
estimated in terms-of costs that consumers can expect 
to pay in the form of higher bills. The study includes 
recommendations concerning the industry and envi- 
ronmental control and an overview of economics and 
pollution. 


EucENE P. Seskin, Ph.D. Carnegie-Mellon 1973. The 
social costs ož air pollution. 


LEONARD A. SHABMAN, Ph.D. Cornell 1973. Decision 
making in water resource development and the po- 
tential of multi-objective planning: The case of the 
Army Corps of Engineers. 

Decision-making processes for four projects are 
evaluated with a model of political choice processes 
including factors affecting information transmission 
and reception. Use of multiple objective optimization 
models for project formulation and evaluation is then 
evaluated. Changes necessary to the success of multi- 
ple objective evaluation are in regional organization, 
personnel, hierarchy and regulations, data manage- 
ment systems, criticism and review, public participa- 
tion, cost sharing plus authorization and appropria- 
tion policy. 
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Suryir S. Swav, Ph.D, Minnesota 1972. Economics 
of change in wheat production in Punjab (India). 
The study focuses on an evaluation of the change in 

production and cost relationships of wheat crop re- 

sulting from the introduction of Mexican varieties of 
wheat in the Indian Punjab during the latter hali of 

1960’s, and compares economic efficiency of small ver- 

sus large wheat farms and tractor-operated versus 

nontractor operated ones. The neoclassical theory of 
production and profit functions is the basic tool for 
the analyses. 


GrorcE W. SILVERTHORNE, Ph.D. California 1973. 
Optimal production from a seaweed resource. ` 


Dunstan S. C. Spencer, Ph.D. Illinois (Urbana) 
1973. The efficient use of resources in the produc- 
tion of rice in Sierra Leone: A linear programming 
study. 


Puiriprus H. Serres, Ph.D. Iowa State 1973. Manage- 
ment of water quality through selected institutions 
and instruments. 

Water quality management is discussed in terms of 
planning, organization-coordination and control. Ar- 
guments of planning are discussed by means of a 
model as applied to the Upper Skunk River Basin in 
central Iowa. Instruments for water quality control 
are compared. It is concluded that charges for point 
pollutants and treatment standards for diffussed 
sources are the most efficient. A general P.T.O. 
framework for organizing and coordinating water 
quality management is proposed. The basis of this 
proposition is free group formation and a hierarchy of 
constitutions. 


Tuomas H. Starrorp, Ph.D. Cornell 1973. Methods 
and costs of distributing beef to the food-service 
industry. 

An exploratory cost study of the more common 
channels of distributing beef to the institutional mar- 
ket. The more common practices and requirements of 
food-service establishments, beef handlers and packers 
are identified and examined in separate chapters. A 
comparison of nine common systems together with a 
conceptualized cost model serves to identify possible 
areas of gaining distribution efficiencies. The study 
concludes with suggested areas for further research in 
distributing beef to the food-service industry. 


RoscoE E. Stout, Ph.D. Iowa State 1973. Land as a 
competitive asset and capital proxy. 

An analysis of the degree of substitution between 
farm real estate and financial assets and the implica- 
tions of a strong substitution relationship toward the 
strength of monetary policy. The demand for farm 
real estate is estimated with time-series data with sta- 
tistical tests of significance and constancy of regres- 
sion coefficients over time. A three-asset general equi- 
librium model is tested using land as a proxy for capi- 
tal. 
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SAMUEL M. Srronc, Ph.D. Ilinois (Urbana) 1973. 
An optimal control approach to the off-farm labor 
mizgvetion problem. 


‘Monammen I. Surreman, Ph.D. Missouri 1972. Eco- 


nomic implications of the withdrawal of diethylstil- 
bestzal from cattle feeds. 


Crartes R. Taytor, Ph.D. Missouri 1972. Dynamic 
evaluation of pest control strategies. 


Gorvon T. C. TAYLOR, , Ph.D. California (Berkeley) 
19073. An economic analysis of sovernments air 
quality controls. 


Lioyp D. Terex, Ph.D. Michigan State 1973. Costs, 
loss, end forecasting error: An evaluation of models 
for beef prices. 


Remicio D. Torres, Ph.D. Minnesota 1972. Potential 
benefizs and pricing of irrigation water: A case 
study of the Santa Cruz system. 

An economic model was developed to determine the 
net contribituion of irrigation water to rice output 
under cifferent levels of rainfall availabilities. The 
computed value amounted to about P1,275 per hec- 
tare dur.ng dry season cropping and P934 for the wet 
season. Shifting the cropping period by one month 
earlier than traditional starting dates would result in 
irrigating an additional 1,100 hectares during the dry 
season. The monetary net return associated with this 
shift was equivalent to P1.36 over the entire irrigation 
system cf 4,000 hectares. The shift calls for a degree 
of water management higher than what now prevails. 


Timora? F. Trecarruen, Ph.D. California (Davis) 
1972. Air pollution: An economic analysis. 


ALAN H Tsao, Ph.D. Iowa State 1972. Spatial equi- 
librium and regional comparative advantages in 
American agriculture. 

The linear programming model (2,100 x 8,056) of 
15 conscming regions and 138 production areas in- 
cludes al major crops and livestock products. Re- 
gional ccmparative advantages were identified in the 
components of shadow prices—production cost, trans- 
portatian cost, and resource opportunity cost. The 
two solutions were analyzed on different levels of land 
and labor constraints (commercial farms vs. all 
farms): Production shifts to areas with strong com- 
parative advantages. Small farms contribute resources 
to production in most areas. 


STEPHEN E. Vanovico, Ph.D. Temple 1973. A frame- 
work for evaluating the effect of environmental 
management policies. 


Bettur V. VANEATAKRISHNA, Ph.D. Kansas State 
1972. An economic analysis of processing whole 
milx inte butter and by-products with the continu- 
ous churn in Kansas. 
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PurusHoTamM L. Want, Ph.D. Illinois (Urbana) 1972. 
An econometric analysis and temporal price equilib- 
rium of U.S. soybean oil, 


Wiiuiam A. Warp, Ph.D, Michigan State 1972. Native 
models for estimation of indirect employment and 
profit gains resulting from public water project in- 
vestment. 


Kart E. WerpeMeYer, Ph.D. Southern California 


1972. Interstate natural ges supply and intrastate . 


market. 

This dissertation analyzes the interrelationship be- 
tween jurisdictional and nonjurisdictional markets for 
natural gas. Interstate contract prices were con- 
strained by Federal Power Commission price ceilings 
from 1966 thru 1969. Field markets for gas were basi- 
cally competitive over this period. Excess demand ap- 
peared in the interstate market during the early 
1970’s. The study concludes that the interaction of 
jurisdictional and nonjurisdictional price and volume 
behavior affects the outcome of regulatory decisions. 


Manpower, Labor, and Fopulation; Including 
Trade Unions and Colective Bargaining 


Joun P. Avams, Jr., Ph.D. Claremont School 1973. 
Training the hard-core unemployed: An evaluation 
of a union sponsored MDTA program. 

This dissertation involves an economic evaluation 
of the Transportation Opportunity Program—an 
MDTA demonstration project designed to improve la- 
bor market prospects of the severely disadvantaged 
minority unemployed in the Los Angeles area, with 
the Southern California Teamsters providing major 
support for training administration and job place- 
ment. Project evaluation entailed estimation of pro- 
gram pay-out for the individual trainee, and examina- 
tion of trade union support as a determinant of pro- 
gram success. 


Roy D. Apams, Ph.D. Illinois (Urbana) 1972. A two- 
sector model of doctorates in higher education. 


Rosert F. Avtrson, Ph.D. Michigan 1972. The role 
of the nurses’ aide. 


GosPEL S. ANGAYE, Ph.D. Pittsburgh 1972. Popula- 
tion and economic development in Nigeria. 

This dissertation defines the major demographic 
and economic features of Nigeria and examines very 
critically the implications of population size, structure, 
and rate of growth for Nizeria’s economic develop- 
ment. The results of a computerized economic-demo- 
graphic model show that reduced fertility is favorable 
to economic and social development in Nigeria. 


Ricnarp B. Anker, Ph.D. Michigan 1973. Socioeco- 
nomic determinants of reproductive behavior in 
households of rural Gujarat, India. 
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MiıcmarL W. Bascocx, Ph.D. Dlinois (Urbana) 1972. 
Employment implications of alternate federal spend- 
ing priorities for the Ilinois economy. l 


Cuirrorp H. Baxer, Ph.D. North Carolina State 1972. 
The lagged effect of minimum wages on teenage un- 
employment. 

The lagged effects of minimum wage legislation 
on teenage unemployment from 1948 through 1968 
are investigated by use of a distributed lag economet- 
ric model and by use of a partial adjustment model. 
The distributed lag model is critically examined and 
shown to possess certain deficiencies in explanatory 
power..The partial adjustment model is then devel- 
oped and shown to overcome some weaknesses of the 
distributed lag model and to improve the understand- 
ing of the adjustment process. 


Tuomas A. Baroccr, Ph.D. Wisconsin (Madison) 
1972. The drop-out and the Wisconsin apprentice- 
ship program: A descriptive and econometric analy- 
sis. 

This study examines the various determinants of an 
individual’s success or failure in an apprenticeship 
program, and investigates whether or not cancellation 
of the indenture really represents “failure.” I employ 
econometric models to predict the likelihood of suc- 
cess in an apprenticeship, by taking full account of 
the apprentice’s personal and occupational characteris- 
tics, as well as opinion indices and labor market indi- 
cators corresponding to the time of the apprentice- 
ship. Pre-apprenticeship experience and education and 
post-apprenticeship employment and income data are 
also used in the analysis. 


Rosert D. Brocan, Ph.D. North Carolina State 1972. 
The determinants of interindustry wage variation. 
Average hourly earnings variation by occupation 

across industries is examined. Three hypotheses are 
tested in a model based on labor-leisure tradeoffs and 
labor productivity. The ability to pay hypothesis is in 
general rejected. An establishment size hypothesis 
based on work atmosphere disutility is accepted for 
semiskilled workers. The evidence is generally consis- 
tent with a quality difference hypothesis. Capital in- 
tensity has predictable effects upon wages by skill 
class across industries. 


Evin O. Camrsett, Ph.D. Oklahoma State 1972. An 
evaluation of the performance of workers with im- 
pairments at the Oklahoma City air material area. 
An annual performance appraisal standard score is 

used as a surrogate for labor productivity. Impaired 

workers are compared to nonimpaired control groups 
by annual wage ranges ($1,000 intervals) and also by 
occupational groups. The establishment where the 

study was conducted is 2 mass employer of the im- 

paired, thereby permitting comparison by impair- 

ments which could be treated statistically. The ¢-test 
was used to determine the significance of the results. 


Tuomas M. CarroLL, Ph.D. Syracuse 1973. Educa- 
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tion and the distributioh of income and wealth 

among individuals. 

The thesis presents a theoretical model with two 
labor groups: one possessing a single skill, the other 
also a second skill acquired through education. A ho- 
mogeneous output can be produced by a production 
function which uses natural labor skill or another re- 
quiring “educated labor.” After relating education and 
labor heterogeneity through the asymptotic distribu- 
tion of income, attention is given to distributional 
effects of private and public educational finance. 


Craic G. Corten, Ph.D. Syracuse 1973. Properties of 
the adjustment equation in a model of the demand 
for workers. 

A number of studies, using optimal control tech- 
niques, have been made of the properties of adjustment 
equations’ in investment. These studies can be ex- 
tended by analogy to adjustment. equations in models 
of employment behavior. A simple optimal control 
model of employment behavior is developed in this 
paper. Explicit adjustment equations are derived for 
the case in which labor requirements are expected to 
fluctuate seasonally and secularly over the planning 
horizon. 


C. Mario M. Cortes, Fh.D. Washington (St. Louis) 
1973..Technological absorption and unemployment: 
A comparative study. 


Rosert W. Dacus, D.B.A. George Washington 1971. 
Minimizing unemployment welfare costs through 
the stimulation of unskilled labor employment. 

To define a general wage policy which will permit 
welfare reform while maintaining economic incentive 
to work if able, manpower and welfare programs, 
along with pertinent wage theory, are reviewed and a 
general wage policy is defined providing for the 
following: a. guaranteed annual income; b. all-inclu- 
sive minimum wage; and c. wage subsidies to all 
workers at minimum wage level. A mathematical 
model is derived to optimize parameters of above pro- 
gram. BLS and census data are used to estimate costs 
of the program. 


Jurie S. DaVanzo, Ph.D. California (Los Angeles) 
1972. A family choice model of U.S. interregional mi- 
gration based on the human capital approach. 

This model of migration as an investment in human 
capital has the following features: financing costs play 
an important role in determining the optimal invest- 
ment in migration; for married persons the decision- 
making unit is the family rather than the individual; 
in the empirical analysis a wider range of demo- 
graphic groups, including women and nonwhites, is 
considered; and some new explanatory variables, e.g., 
an income-distance interaction term and military indi- 
ces, are considered (and are statistically significant) in 
the econometric model. 


Gorpon W. Davies, Ph.D. Michigan 1972. An eco- 
nomic-demographic simulation model designed to 
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test the effects of changes in the rate and skill com- 
pesition of net immigration on the Canadian econ- 
omy from 1952-1968. - 


Douctas N. Day, Jr, Ph.D. California (Berkeley) 
1672. Mediation: A multi-stage learning model. 


Cart L. Dyra, Ph.D. North Carolina State 1972. Col- 
lege and university student migration. 

The objective was to study the migration of college 
students in the United States'using 1963 cross-section 
data bv state. Three alternative ways of defining mi- 
grants ‘ed to three models. The results indicated that 
tuition and fees, per capita income, and number of 
colleges in the home state were important determi- 
nants cf migration across all models. School quality 
and student ability within the home states were sig- 
nificant variables in some of the models. 


Kart A. Ecce, Ph.D. Ohio State 1973. White-black 
differ2nces in hours of work supplied among men 45 
to 59 years of age. 

The purpose of this research was to determine if 
and why the lakor supply of black men differed from 
that of their white counterparts. The data were the 
5,000 xen 45 to 59 years of age in the first survey 
(1966) conducted by the U.S. Bureau of Census for 
the Center for Human Resource Research at the Ohio 
State University. 


THrAINN Eccerrsson, Ph.D. Ohio State 1972. Eco- 
nemic aspects of higher education taken under the 
Wore War II GI Bill of Rights. 

Jn the study human capital theory is used to evalu- 
ate the U.S. government’s massive investment in 
higher education under the World War II GI Bill. 
The caief data source is a 1967 Census Bureau survey 
of veterans. Findings include estimates of the impact 
of the GI Bil on the nation’s stock of human capital; 
regression analysis is used to explain the variance in 
earnings of veterans; and rates of return to college for 
veterans are found. 


Nazar S. Ex-Issa, Ph.D. Maryland 1972. Urban unem- 
ployment and labor market structure in the process 
of industrialization. 

l 

Nania H. Erseexa, Ph.D. Oklahoma State 1972. 
Gradużte education for economic development: An 
evaluation of patterns and trends of specialization 
of Latm American students in the United States. 
The major objective of the study is to discuss and 

evaluaze the patterns and trends of specialization of 
graduate studerits from selected Latin American coun- 
tries (Argentina, Brazil, Chile, Colombia, Mexico, 
Peru, enc Venezuela) in U.S. universities in terms of 
their relevance to their home countries’ development 
needs enc employment opportunities. The second ob- 
jective is to compare and contrast the contribution of 
each of tne graduate students’ sponsor groups to the 
home ccuntries’ economic development through their 
influence on students’ specialization. 
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ALLAN Fers, Ph.D. Duke 1972. The British Prices 
and Incomes Board: The NBPI as an instrument of 
incomes policy administraticn. 


PETER FEUILLE, Ph.D. California (Berkeley) 1973. 
Police union power. 


Gary S. Fretps, Ph.D. Michigan 1972. A theory of 
education and labor markets in less developed coun- 
tries. 


Bos G. Fiecrns, Ph.D. Arkensas 1973. Intergenera- 
tional occupational socioeconomic status mobility of 
selected 1965 Missouri high schocl graduates. 


Workers are divided into groups according to sex, 


education level, and person reported by the worker as 
being the most help in the choice of an occupation. 
Analysis leads to the following conclusions: a differ- 
ence in status mobility exists that is attributable to 
the person reported by the worker as the major influ- 
ence in occupational choice; workers reporting teach- 
ers/counselors as major influencers have a higher per- 
centage of upward mobility than other workers. 


Gapspen C. FRAMPTON, Jr,- Ph.D. South Carolina 
1973. Industry wage discrimination: Additional evi- 
dence. 

This study, based on the 1966 Survey of Economic 
Opportunity, attempts to mecsure the nonwhite wage 
differential of employees within thirteen industry 
groups. l 


RorerT H. Franx, Ph.D. Cahfornia (Berkeley) 1972. 
The supply of labor. 


Witrttam S. FRANKLIN, Ph.D. Texas (Austin) 1972. 
An analysis of traditional routes of entry into se- 
lected construction unions. 

This study of bricklayers, carpenters, electricians, 
ironworkers, plumbers and steamfitters, and sheet 
metal workers in Atlanta, New York City, and Aus- 
tin, has shown that admissions policies resemble each 
other among locals of the same international union, 
but vary widely intracity among locals of different 
internationals. Minority groups seeking access to the 
trades are at a disadvantage compared with whites, 
because whites are more likely to know people in the 
unions and to know how to use the traditional routes 
of entry. Minorities need to tundersand how the tradi- 
tional routes function in order to increase their partic- 
ipation in the construction irdustry, but there is also 
a need to develop new routes to expedite minority 
employment. 


Donatp E. Frey, Ph.D. Princeton 1972. Wage and 
employment effects of collective bargaining i in pub- 
lic schools in New Jersey. 

A static equilibrium model of the wage and staffing 
decisions of school districts was developed. Implica- 
tions of the model were used to specify wage and em- 
ployment equations. Wage equations estimated from 
data from 300 districts in Mew Jersey showed that 
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recent collective bargaining has had a negligible im- 
pact on ‘teachers’ wages and employment. The only 
important determinant of teachers’ wages is other 
wages in the labor market where district is located. 


Conrad F. Frirsca, Ph.D. Cornell 1973. An evalua- 
tion of the economic effects on New York agricul- 
ture from the extension of unemployment insurance 
to the agricultural sector. 

This study reviews the development of unemploy- 
ment insurance and the exclusion of the agricultural 
sector. It assesses the likely cost of unemployment in- 
surance for agricultural workers, to the State Trust 
Fund, to dairy farmers and to fruit farmers in New 
York. Dairy and fruit were selected to represent types 
of farms using large and small amounts of seasonal 
labor. The agricultural sector estimated cost rate was 
similar to the statewide cost for presently covered 
nonagricultural employers. 


Mires E. Garvin, Ph.D. Wisconsin (Madison) 1972. 
Collective bargaining in the public sector in Puerto 
Rico. 

The first part of the study provides a cursory de- 
scription of the long-run dynamics of Puerto Rican 
society. The second part analyzes the legal factors in 
support of unilateralism, discusses the factors contrib- 
uting to employee acceptance of unilateralism, de- 
scribes how the transition to bilateralism is being ac- 
complished, and analyzes the process of collective bar- 
gaining in government employment. The conclusion is 
that resistance by the Puerto Rican government to 
extension of industrial democracy to its own employ- 
ees is resulting in social disruption which appears to 
outweigh the temporary developmental advantages 
accruing from imposed austerity. 


Ropert J. Gaston, Ph.D. California (Los Angeles) 
1972. A human capital model of age at first mar- 
riage in the United States: An econometric study. 


Rosert W. Grover, Ph.D. Texas (Austin) 1972. De- 
velopment and upgrading minority contractors : 
The Atlanta and Houston experiences. 

This paper is an empirical study of minority busi- 
ness enterprise in construction. The analysis is based 
on a survey of black contractors in Atlanta and black 
and Mexican-American contractors in Houston. This 
study outlines the characteristics of the minority con- 
tractors, describes their future plans and aspirations, 
details the problems they face in improving or ex- 
panding their businesses. Three approaches to upgrad- 
ing the minority contractor are examined: govern-. 
ment assistance; joint venturing and mergers; and the 
minority association. Recommendations are made for 
future public policy. - 


Craupia D. Goror, Ph.D. Chicago 1972. The eco- 
nomics of urban slavery: 1820 to 1860. 
Urban slavery in the antebellum South declined 
during the last decade before the Civil War. This led 
many to infer that urbanization and slavery were in- 
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compatible and that the South did not urbanize be- 
cause of slavery. I find that the demand for urban 
slaves was strong during the period 1820 to 1860 and 
that slaves were pulled out of the cities by rising 
profits in agriculture. The remainder of the disserta- 
tion treats other interesting aspects of urban slavery. 


Crarence L. Ham, Ph.D. Southern California 1972. 
The influence of other peoples’ schooling on an in- 
dividual’s income. 

A theoretical basis was developed for the expecta- 
tion that the schooling of other people would affect 
an individuals income. This theoretical construct 
showed that the schooling of community members 
should affect an individual’s income through market 
responses and that schooling of the cooperating work 
group skould have effects both through market re- 
sponses and through spillovers. Multiple regression 
analysis on the data of the one-in-one-thousand sam- 
ple of the 1960 Census of Population confirmed these 
expectations. The effect was relatively more important 
for minority group members, certeris paribus. 


Grratp Harert, Ph.D. Temple 1973. Wage develop- 
- ment in Israel 1948-53. 


Pamir J. Herp, Ph.D. California (Berkeley) 1972. 
The migration of the 1955-1965 graduates of 
. American medical schools. 


Syowey H. Hicu, Ph.D. Duke 1972. Changes in occu- 
_ pational wage differentials in the United States: 
1940-1960. 


Steran N. Horrer, Ph.D. Dlinois (Urbana) 1972. 
The determinants of women’s earnings. 


Lawrence R. Hupson, Ph.D. Syracuse 1973. Mea- 
surement of human capital in the 1959 U.S. popula- 
tior.. 

This dissertation presents and compares two meth- 
ods to value the stock of human capital. One method 
treats the earnings of the population as if they were 
returns on a capital instrument, substitutes cross-sec- 
tion data on earnings by age for time-series data, and 
capitalizes the earnings at some rate of discount. This 
method has been in use for almost three hundred 
years in various forms (Sir William Petty, Burton 
Weisbrod). The other method is to count up the costs 
expended and opportunities foregone in activities 
which create the human capital stock. 


Micuar. D. Hurp, Ph.D. California (Berkeley) 1972. 
Changes in labor force participation. 


Davin G. Jaques, Ph.D. Claremont School 1973. The 
academic market place for Ph.D. economists. 

This thesis analyzes supply and demand flows for 
academic Ph.D.’s during the 1960’s and early 1970's, 
particularly as they relate to economics, It discusses 
the trend toward “oversupply.” The forecasting meth- 
odology is evaluated focusing on the crucial role of 
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markzt parameter assumptions. Inferences, from sur- 
vey deta, show changes in market perspectives by for- 
mulatcrs of the market. Differences in perspectives 
and reactions are shown for sub-samples such as aca- 
demic ranking of school. 


Paur E. Jursa, Ph.D. Texas (Austin) 1972. A case 
study of the impact of out-migration and return on 

2, southern Italian commune (and province). 

Afte- stating that one possible solution to the prob- 
lems of depressed areas is the out-migration and re- 
turn of a portion of the area’s excess population, I 
construct a model of the impact of out-migration and 
return on depressed areas. After illustrating the push- 


‘pull factors which stimulate out-migration and char- 


acteristics of southern Italian out-migration and re- 
turn. the experiences of a southern Italian commune 
and province are examined. 


Wiriurm J. Kasey, Ph.D. Pennsylvania State 1972. 
Family planning in Colombia: An analysis of cost 
and achievement. 


Ricwarp L. Katuzny, Ph.D. Wisconsin. (Madison) 
1973. The determinants of household migration: The 
rocr and the nonpoor. 

The study examines the migration behavior of 
households during 1968-69 and 1969-70. A linear 
probability mocel is developed using measures for the 
expezted gain from migration, household income, and 
other demographic characteristics. The initial analysis 
groups households by role. Subsequent analysis groups 
households by four poverty levels. Differential re- 
sponses to migration determinants by poverty level 
are noted. Tke model is most successful in explaining 
the bekavior of the poorest households, and least suc- 
cessful when applied to the very rich. 


Tim D Kane, Ph.D. Texas (Austin) 1972. The effect 
of labor market change upon the employment of 
low-income Mexican Americans: The San Antonio 
experience. 

This study estimates the impact of structural 
change upon the labor market in San Antonio, Texas 
between 1963 and 1969. Cccupational estimates of the 
changing pattərr: of the demand for labor were com- 
pared tə the eccupations in which training with federal 
subsidy was provided uncer the Manpower Develop- 
ment ard Training Act. 


Nasi, Kaatri, Ph.D. Southern Methodist 1973. The 
preductive value of education in the U.S. agricul- 
ture, 1964 (a cross-section study). 

The objective of this dissertation is to measure the 
productive vaiue of the education of farmers resulting 
both from a “worker effect” and an “allocative 
effect." The worker effect is obtained from an esti- 
mate of the agriculture production function. The opti- 
mum value of inputs is then derived from the esti- 
mated production function and the deviations of ob- 


. served inputs from this optimum are regressed on the 


schooling of farm manager, research activity, and 
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farm size with all data on a state average basis. The 
data of the 1964 U.S. Census of Agriculture are used. 
Results show both worker and allocative effects are 
statistically significant and positive. 


Larry L. Kiser, Ph.D. Rutgers 1972. Economic eff- 
ciency and public vocational rehabilitation policy. 
A public finance-human capital theoretical frame- 

work suggests the basic rationale for government to 
intervene in the vocational rehabilitation of disabled 
persons—the efficient allocaticn of resources toward re- 
habilitation and the redistribution of income toward 
disabled people. This study attempts to assess the 
concern for efficient allocation of resources by analyz- 
ing individual case and state by state data. The results 
suggest that economic efficiency is an important con- 
cern of the public program. 


Tuomas A. Kocman, Ph.D. Wisconsin (Madison) 
1972. Internal conflict and multilateral bargaining 
in city governments. 

A behavioral model of the city government collec- 
tive bargaining process is developed and tested. The 
model is based on the assumption that there is a close 
relationship between the nature of the internal city 
management decision-making process and the union 
management collective bargaining process. The major 
proposition in the model is that the more conflict that 
occurs among city officials, the more multilateral bar- 
gaining that occurs. A nationwide sample of 380 cities 
that bargain with locals of zhe International Associa- 
tion of Fire Fighters provided the empirical basis for 
.testing the model. 


Epy L. Kocur, Ph.D. Chicago 1972. The economic 
analysis of demographic phenomena: A case study 
for Brazil. 

The study deals with certain demographic phenom- 
ena peculiar to Brazil, parzicularly the existence of 
different types of marriage. (Characteristics of the pop- 
ulations in each type of marriage (such as schooling, 
income, age) are compared. The characteristics of the 
different types of marriage themselves (such as dura- 
tion, age at marriage, stability) are also compared. 
These characteristics suggest. the reasons for different 
choices made by different individuals. 


ANDREW J. Komen, Ph.D. Ohio State 1973. Determi- 
nants of early labor market success among young 
men: Race, ability, quantity and quality of school- 
ing. 

This study tests a series cf hypotheses regarding the 
determinants of early labor market success among 
out-of-school young men, where the principal mea- 
sures of “success” are hour.y earnings and social sta- 
tus of occupation. The hypotheses are exhibited in a 
three-equation, recursive model, and focus mainly on 
intercolor differences in success and the relative im- 
portance of schooling and ability. The hypotheses are 
tested by multiple regression analyses of data from 
the National Longitudinal Surveys of Labor Market 
Experience. 
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PAULINE W. Korrcxy, Ph.D. Houston 1972. The geo- 
graphic mobility of American economists. 

This study is a longitudinal analysis of the migra- 
tion patterns of a matched sample of 5,412 econo- 
mists. Two experiments, utilizing regression analysis, 
investigate the mover-stayer status, and the salary 
differential from 1964 to 1968. The third experiment 
uses a gross flows of labor model to determine the 
direction and magnitude of migration of these econo- 
mists. Empirical results are then analyzed in relation 
to the theoretical hypotheses set forth in the geo- 
graphic mobility model for professional workers. The 
findings show little difference in the eight observed 
characteristics of the migrants and nonmigrants; age 
was of minor importance; and ceteris paribus movers 
receive higher salaries than stayers. 


Rocer Lamm, Ph.D. California (Berkeley) 1973. 
Black unien leaders at the local level. 


Lee A. Litrarp III, Ph.D. North Carolina State 1973. 
An explicit solution to the human capital life cycle 
of earnings model and its application to earnings 
distributions. 

A solution to a life cycle model was used to guide 
study of earnings and distribution. An earnings func- 
tion was estimated using IRSS-Eckland data on high 
school sophomores in 1955 who took achievement. 
tests and responded to a 1970 survey. The function is 
used to derive earnings distributions. These distribu- 
tions display the usual skewness. Specific results in- 
cluded: mean and variance of earnings increase with 
an increase in age; and an increase in schooling in- 
creases earnings dispersion. 


DarryL W. Lowry, Ph.D. California (Berkeley) 1972. 
The selective migration bias in labor force partici- 
pation rates. 


Ropert J. Mcintyre, Ph.D. North Carolina (Chapel 
Hill) 1972. Nature and causes of the fertility de- 
cline in eastern Europe: Structural change and 
abortion reform from 1955 to 1968. 


Janice F. Mappen, Ph.D. Duke 1972. The economics 
of sex discrimination. 


James N. Mancum, Ph.D. Oklahoma State 1972. An 
empirical analysis of the relation between personal 
attributes and the duration of unemployment. 

The purpose of this dissertation is to test hy- 
potheses regarding the relation between selected per- 
sonal charécteristics and the duration of unemploy- 
ment. Special emphasis is given to identifying those 
factors that are associated with relatively longer peri- 
ods of unemployment. The sample used in the study 
is composed of several thousand unemployment insur- 
ance recipients who received benefits through a single 
Brooklyn, New York insurance office between August 
28, 1967 and January 3, 1969. 


WirrirAM L. Marr, Ph.D. Western Ontario 1973. The 
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economic impact of Canadian inward and outward 

migration and their determinants, 1950-1967. 

This study examines the economic determinants of 
inward and outward migration for Canada, 
1950-1967. It develops the hypothesis that income 
and lebor market conditions in sending, receiving, and 
competing countries determine migration flows. I find 
that Canadian labor market conditions and income 
prospects influence inward, but not outward migra- 
tion; that these influences in the sending country are 
unimportant, and that income prospects in competing 
countries affects inward migration. i 


EARL A. Moranper, Ph.D. California (Berkeley) 
1972. The ideology of aerospace program managers. 


Jurcen Mutert, Ph.D. Colorado. State 1972. Labor- 
management conflict resolution. 

The literature contains numerous analyses of partic- 
ular elements of distribution, wage, and bargaining 
theory conceived as expressions of labor-management 
conflict. This thesis shows the fruitfulness of this ap- 
proach in a systematic and comprehensive manner by 
applying it to the major schools and developments in 
the history of economic thought. 


Mazin M. Nasuir, Ph.D. Nebraska 1972. An interpre- 
tive analysis of labor productivity in selected Ne- 
braska manufacturing industries, 1958-1967. 

The study attempted to determine dominant causes 
of labor productivity mcvements in sixteen Nebraska 
manufacturing industries. Broad categories of causes 
of advances in labor productivity were noted and 
causal hypotheses were constructed. Cross-sectional 
correlation and regression analysis were employed to 
test these hypotheses. The analysis confirmed the hy- 
potheses that productivity movements were attributed 
mainly to highly labor-seving technical advances and 
to factor substitution. 


RoBERT E. OrLewski, Ph.D. Indiana 1972. Economic 
and psychological analysis of labor mobility: A 
study of the Indiana secondary school teacher. 

This study focuses on the mobility experience of 
male secondary teachers in the public schools of Indi- 
ana and is restricted to nonoccupational geographic 
job changes of experienced teachers. Its major objec- 
tive was to examine and integrate into a model of 
labor market behavior those noneconomic parameters 
which affect the incidence and pattern of mobility. 
The mobility experience o? teachers also offers the op- 
portunity to examine the allocative mechanism of a 
specific labor market. 


Joan Papadaxis, Ph.D. Clark 1972. On a theory of 
the staffing ratio: The relation of clerical staff to 
blue-collar workers in Greek manufacturing. 

The concept of an “Operative Staff Function” is 
proposed as a way to determine the extent to which 
the composition of labor force affects the efficiency of 
industrial firms. The model is applied to fourteen 
Greek manufacturing industries. The way in which 
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the staffing ratio affects productivity differs ‘between 
industr.es. Appropriate adjustments in the composi- 
tion of labor force may increase overall efficiency in a 
given economic environment without further increases 
in the use of resources. 


Antrsony C. Perro, Ph.D. Missouri 1972. An eco- 
nomiz ana_ysis of migration for the Ozarks. 

This study examines factors influencing out- and in- 
migration into the Ozarks region during the 1950 and 
1960 decades and also the impact of net migration on 
the growth of per capita income for Ozark counties. 
An important finding was that out-migration was pri- 


marily determined by economic conditions within the 


Ozazks zegion and by noneconomic factors at destina- 
tion areas. Single equation and simultaneous equation 
models were utilized. 


R. HE M. Pram, Ph.D. Alberta 1972. Interregional 
anc imterindustry differences in the elasticity of fac- 
tor substitution and the efficiency of labor in Can- 
ada, 


Rarrg A. Peeves, Ph.D. California (Berkeley) 1972. 
Interstate migration, demographic trends and re- 
gional emp!oymert growth: An analysis of recent 
migration to California. 


Gary C. Ragraete, D.B.A. Harvard 1973. Back- 
ground and early history of the international orga- 
nizaticn of masters, mates, and pilots (AFL-CIO). 
This sudy partially fills a void in maritime history 

by concentrating on the oldest union of deck officers. 
It is the resul: of the author’s unlimited access to the 
organization’s historical records. A general background 
of the traditicns and legal environment is given. Em- 
phasis is placed on providing a definitive history of 
the orgarization from 1880 to 1930. It was found tkat 
general theorizs of the American labor movement 
were not completely applicable to this organization. 


Arr Razz, Ph.D, California (Berkeley) 1973. A study 
of employment functions and changes in their struc- 
ture. 


Warrer E. Rice, Ph.D. Claremont School 1973. 
Employment, unemployment and labor force partic- 
ipation of the rural resident poor—a case study of 
southern San Luis Obispo County, California. 
The besic hypothesis tested is that causes of pov- 

erty—lim:ted educational opportunity, prejudice, ill 

health and a lack of family and labor mobility—are 

the same for the rural and urban poor. By use of a 

randomly administered questionnaire amongst rural 


‘resident poverty population it was determined that 


for the South County Planning District of San Luis 
Obispo County, California, the poverty problem was 
caused by an excessive supply of low skilled workers 
who maintained residence because of nonjob consider- 
ations in tie area. 


Steven C Saror, Ph.D. Yale 1972. Wage differentials 
and unemployment. 


t 
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MICHAEL J. Sarrincer, Ph.D. Carnegie-Mellon 1973. 
Two-part tarifs, human cepital and nursing. 


Parme M. ScuHerer, Ph.D.’ Missouri 1972. Rural 
southern residents and the incentives to work. 

This dissertation analyzes the effect of the welfare 
institution on the incentive to work and whether eco- 
nomic dependency is being generated by this institu- 
tion. By means of a household survey, the rural 
heads of households are queried concerning eight val- 
ues which could affect attitudes toward work. Re- 
sponses are analyzed by three main categories of re- 
spondents—the welfare recipient, the nonwelfare poor, 


and the nonwelfare nonpoor—-and selected demo- , 


graphic characteristics. 


Ricard E. ScHoENBERGER, Ph.D. Clark 1973. The 
determination of Wisconsin teacher salaries under 
conditions of bilateral moropoly: Some economet- 
ric evidence. 

In recent years, two important changes have taken 
place in the Wisconsin teacher market. Schoo! districts 
have become substantially fewer while school teachers 
have begun bargaining collectively. Three changes 
have restricted competition from both the buyer and 
seller. sides of the market; therefore, monopoly and 
monopsony are important factors in the determina- 
tion of Wisconsin teacher salaries. This conclusion is 
based on the empirical evicence resulting from the 
construction and estimation of a bilateral monopoly 
model. 


Err Secev, D.B.A. Harvard 1973. Environmental 
analysis and decision mak-ng: A case study in the 
manpower area. 

A study of the use of environmental analysis in the 
decision-making process (releted to manpower), based 
on field research done in Israel. It proposes a dynamic 
approach to manpower analysis. This study demon- 
strates the need to change the perception of man- 
power on the part of envirormental analyzers and de- 
cision makers from a semistatic manpower “pool” to 
a concept which recognizes that manpower is a sub- 
system of the larger environment and that it is dy- 
namic in nature. 


Wittiam J. Srrow, Ph.D. Duke 1972. Economic and 
demographic implications of a stationary population: 
A case study of the United States. 


Ricwarp L. SHORTLIDGE, JR., Ph.D. Cornell 1973. The 
employment and earnings of agricultural graduates 
in India: A benefit cost case study of G. B. Pant 
College of Agriculture and Technology. 

A cost-benefit analysis of India’s initial agriculture 
university. Benefits are based on data from a ques- 
tionnaire mailed to all graduates, and costs are based 
on official university student and budget accounts. 
Earnings profiles were computed using single equation 
multiple regression techniques. The study shows high 
rate of social and private returns; low unemployment 
rates; a particularly effective program of degree train- 
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ing of village level workers; high return to private 
and quasi-public employment relative to state govern- 
ment employmen:. 


James P. Suits, Ph.D. Chicago 1972. The life cycle 
allocation of time in a family context. 

A model is developed to explain the timing of mar- 
ket work of family members. The model shows that 
hours of work cf each family member is determined 
by variations in price of time of both members, the 
rate of interest and time preference, and changes in 
the technology of household production in the course 
of the aging process. The model is tested using 1967 
SEO data. 


Larry J. Smite, Ph.D. Chicago 1973. Black-white re- 
productive behavior: An economic interpretation. 
Utilizes 1967 Survey of Economic Opportunity data 

to apply the New Economics of the Family” (NEF) 
to analysis of Children Ever Born (CEB) by race and 
census regior.. The perspective provided by the NEF 
does not “explain” black-white differences in CEB, 
but interesting differences between the races in the re- 
lationships between education, wife’s wage, income 
and family wealth and CEB are identified and docu- 
mented by replication across census region. 


Ricwarp B. SuirH, Ph.D. Iowa State 1972. Pay 
packages and employment conditions of farm em- 
ployees in eastern Iowa. 

Study focused upon possible reasons for problems 
of hiring full-time farm labor. Labor management at- 
titudes of farm employers were found to be signifi- 
cantly related to employee turnover and tenure. Em- 
ployee status as reflected in titles was usually unattrac- 
tive. Pay package design lacked competitiveness as 
some common nonfarm benefits were desired more of- 
ten than received. Employee pay level was below 
average manufacturing wages. However, pay level was 
not found signiticantly related to employee turnover 
and tenure. 


MiıcmarL W. Srepstns, Ph.D. California (Berkeley) 


1972. The social science Ph.D. in corporate indus- 
try. 


Epwarp I. Sternserc, Ph.D. New York 1973. Upward 
mobility of low-income workers. 

Using data from the continuous Work History File 
of the Social Security Administration, this study ana- 
lyzes the firm- and industry-attachment patterns, and 
the upward mobility patterns, of various demographic 
froups in the low-income work force between 1965 
and 1970. The study focuses, too, on the effects of 
such variables as firm size and industry growth on 
worker attachment and advancement, and on upward 
mobility in three industries in New York City—ap- 
parel, banking, and general merchandise stores. 


STANLEY P. STEPHENSON, Ph.D. Indiana 1973. Eco- 
nomics of job search: A biracial analysis of job 
search behavior of urban male youth ages 18-22. 
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A basic premise of this study is that lack of job 
search information to youth entering the labor mar- 
ket, especially black youth, increases youth unem- 
ployment, and contributes to black/white differences 
in earnings, unemployment, and mobility. To examine 
this premise this study developed a simultaneous 
equation model of job search. The model contained 
four equations and twenty-four variables, and used 
survey data of 150 white and 150 black, young, ur- 
ban, unemployed men in Indianapolis during Novem- 
ber, 1971. 


Getvin L. Srevenson, . Ph.D. Washington (St. 
Louis) 1973. Determinants of the occupational em- 
- ployment of black and white male teenagers. 
A theory of heterogeneous labor inputs takes acccunt 
of (mis)perceptions and subjective and objective as- 
pects of labor supply and demand. This provides the- 


oretical underpinnings for labor market queue analysis. 


Regressions (1960 Census data) test for determinants 
of aggregate and occupational shares (and differences 
-in shares) of black and white males 18-19 years old. 
Competition between these two groups occurs only in 
service and labor. Structural factors and racial atti- 
tudes are important determinants of occupational 
_ shares. 
\ 


Victor C. TassusH, Ph.D. California (Los Angeles) 
1973. Manufacturers’ assistance in the provision of 
training of employees of customer-firms: Theory 
and a case study. ` 
This study investigates a phenomenon previously 

ignored in the economic literature: the provision of 
training by manufacturers to the employees of client- 
firms. The hypothesis employed to explain this form 
of investment is that training may raise not only a 
worker's productivity, but also the value placed on 
the resources for which the training is developed. The 
hypothesis is tested by investigating the mechanic- 
training bebavior of manufacturers in the automobile 
industry. 


Ben B. Tarwater, Ph.D. Missouri 1972. The market 
theory of union growth: A special case of strategic 
position in the structure of markets. 


~ 


Tuomas E. Tur, Ph.D. Texas (Austin) 1972. Rural 
industrialization and southern rural poverty: Pat- 
terns of labor demand in southern nonmetropolitan 
labor markets and their impact on the poor, 
1959-1969. 

A 100 percent example ol southern counties is used 
to examine the extent of nonfarm job growth in 
southern nonmetro labor markets in the 1960's. 
Then a 147 county sample from 10 states is drawn to 
determine which industries are growing and declining 
in nonmetro areas and why. Finally, four Mississippi 
nonmetro counties are chosen for a study of the im- 
pact of rural industrialization on the poor. 


Atpon A. Turner, Ph.D. North Carolina State 1972. 
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An enpirizal investigation of search techniques used 

by :cb searchers. _ 

The purpose of this research was to determine 
which of the two search models presented in the liter- 
ature, order statistic and sequential search, better ex- 


plained the search ,behavior of job seekers. Several 


tests were developed to differentiate between ihe two 
modes of search. The results tend to justify the as- 
sumpticn of sequential search made by several au- 
thors studying the Phillips curve. 


MANHARLAL D. Vyar, Ph.D. Pittsburgh 1971. Plan- 
ning for universal primary education under alterna- 
tive essum tions of fertility patterns and target dates. © 


Davin R. WHIPPLE, JR., Ph.D. Kansas 1972. A gener- 
alized theo-y of job search. 

A job search model is constructed incorporating 
previously ignored features such as a non-linear utility 
functior, endogenously changeable job skills, a career 
time Ecrizon, a preference for the “kind” of work 
done, and a modified effect of search. Then the opti- 
mal vector cf decision variables, namely the accep- 
tance wage and the rate of saving and search, is char- 
acterizec. Using the information generated by the 
model, zemparisons with the existing literature are 
made ard the significance of differences noted. 


Warrzr E. Wititams, PhD. California (Los Angeles) 

1972. The low-income market place. 

Explo:tation is a frequently offered hypothesis used 
to accotnt for observed differences in retail activity 
between high- and low-income areas. This dissertation 
offers <r alternative hypothesis that these differences 
can te attributed to merchant wealth-maximizing 
adaptive response to low-income areas. Models are 
developed to account for differences in househald be- 
havior based on income differences; these models 
form the basis for the analysis of merchant behavior 
in low-income areas. 


Davin 4. Wyse, Ph.D. California 1972. Academic 
achievement and job performance: Earnings and 
prormocions, 


Welfare Frograms; Consumer Economics; 
Urban and Regional Economics 


Davip A. AMEEN, Ph.D. Maryland 1973. An analysis 
of the welfare economic consequences of forced 
busing. 

The purpose of this thesis is to demonstrate that 
economic analvsis can be fruitfully applied to public 
policy issues 2ven where distributional or political 
consideracions are involved. Consequently, a model 
was developec for analyzing the welfare economic 
consequerces cf a social issue confronting our society 
today; namely, the issue of forced busing. To dem- 
onstrate applicability, the model was used to evalu- 
ate the distributional costs and benefits of forced bus- 
ing for < particular locality—Richmond, Virginia. 


` VOL. 63 NO. 5 


KennetH L. Avro, Ph.D. Purdue 1972. Two topics in 
applied microeconomics: Criminal correction poli- 
cies and statutory interest rate ceilings on consumer 
loans. : . 

Two policy problems are discussed. Part one pre- 
sents a model of a prison as a multi-product firm. Op- 


timal correction policies are developed, with rehabili- . 


tative training included as a control variable. Part 
two presents a model of high-risk loan markets. The 
supply side is represented by a synthesis of Tobin- 
Markowitz and safety-first portfolio models. Effects 
of raté ceilings on the price-volume-credit risk struc- 
ture of loan markets are derived, with application to 
adoption of the UCCC. 


Susan A. Biss, Ph.D. Norzhwestern 1972. Commer- 
cial banking in metropolizan areas: A study of the 
Chicago SMSA. 

The purpose of this stud:7 was to develop a model 
of the distribution of commercial banking activity 
within metropolitan areas. Population, income, age, 
nonmanufacturing employment, and size of the bank 
and its distance to the CBD were found to be posi- 
tively related to demand. Number of competing banks 
in adjacent subareas, percentage of population non- 
white, and the ratio of employment to population in 
a subarea were negatively related to demands. 


Kerra E. Bernarp, Ph.D. Maryland 1972. A long 
term projection of the black-white income gap. 

This study projects black and white incomes to the 
year 2000 on the basis of current occupational distri- 
butions. Numbers of income projections are made cor- 
responding to various degrees of occupational discrim- 
ination. Racial education differences are projected to 
narrow but still be substantial by the year 2000. Even 
in a nondiscriminatory situation, a significant gap be- 
tween white and black incomes is projected to exist 
by the end of this century. 


Doveras E. Boots, Ph.D. Washington 1972. On resi- 
‘dential location and th2 provision of local public 
goods in metropolitan area. 


Dare O. Cronincer, J.B.A. Florida State 1973. An 
economic analysis of the relationship between law 
enforcement rates and the rates of certain criminal 
activities. . 

This study takes as its objective the analytical and 
empirical determination of the relationship between 
law enforcement and the rates of certain criminal ac- 
tivities. It was found thet levels of enforcement are 
positively associated with levels of criminal activities 
using cross-sectional data. However, the positive asso- 


ciation disappears and becomes negative for most _ 


crimes studied when charges in enforcement are asso- 
ciated with changes in crime rates. Serious errors of 
specification “cloud” the empirical results. 


CAROLINE P. Crorrecrer, Ph.D. Alabama (Tusca- 
loosa) 1973. Giffin Bords for minority development. 
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This study incorporates a neglected aspect of mi- 
nority behavior in a theoretical and empirical approach 
to autonomous capitalism. The premise is that discrim- 
ination increases the group-identification of minority 
individuals and thus decreases ‘their risk aversion to- 
ward group investment. Consequently they represent a 
potential source of low-cost development capital, or 
what is called Giffin Bonds. A case study of Israel 
Bonds and findings on deviant Negro spending pat- 
terns lend support to the theory. 


Wirtiam E. Coss, Ph.D. Virginia Polytechnic Insti- 
tute 1973. The economics of shoplifting. 

Criminal offenses were said to be a function of 
probability of apprehension, punishment, a portman- 
teau variable representing alternative income sources, 
moral turpitude, etc., and the perception the potential 
criminal possesses about these variables. Shoplifting 
was examined first from the standpoint of the retail 
merchant and the potential shoplifter. It was shown 
that a profit-maximizing retailer neither should nor 
does attempt to alter the first three variables included 
in the offense function, but that the merchant does 
attempt to affect the thief’s perceptions. 


STEPHEN CoELEN, Ph.D. Syracuse 1973. A model for 
measuring the benefits of public investment in ur-' 
ban areas: Theory and measurement. 

This study attempts to evaluate, both theoretically 
and empirically, the relationship between water sup- 
ply and sewerage system investments and land values. 
The theoretical model is developed in the early sec- 
tions of the paper. A case study on water and sewer- 
age investments in Nairobi, Kenya is then presented 
as an initial test of the model. 


Ricsarp B. CorrmMan, Ph.D. Washington 1972. The 
economics of fluoridation. 


Lester R. Comen, Ph.D, California (Los Angeles) 
1973. A time allocation model of residential equilib- 
rium. 

This research develops a microtheoretical model de- 
scribing residential behavior, taking into account the 
influence of time upon utility maximization in the 
context of all family consumption and labor supply 
activities. The household is considered to behave as an 
economy unto itself with interdependent consumption 
and production sectors, allocating time and capital ac- 
cording to factor and product market efficiency crite- 
ria. Included are critiques of the Muth model of resi- 
dential equilibrium and Becker's theory of time allo- 
cation. 


KENNETH A. Coney, Ph.D. Oregon 1973. Consumer 
information processing: Organization of product 
comparison information through the cognitive prin- 
ciple of leveling-sharpening. 


Anna M. Craic, Ph.D. Wisconsin (Madison). The 
distributive impact of urban renewal programs: A 
case study, Hyde Park A and Hyde Park B. 
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Two Chicago urban renewal clearance and redevel- 
opment projects were analyzed. In these cases, land 
acquisition and disposition had little redistributive im- 
pact. However, prerenewal tenants suffered large net 
losses relative to their incomes. The major beneficiary 
was the city government, although because of tax- 
payer contributions to the federal cost of these and all 
other federally assisted urban renewal projects, the 
benefits to the city’s citizens was substantially less. 


CHARLES B. Daniets, Ph.D. Stanford 1973. An inves- 
tigation of the influence of racial segregation on 
housing prices in the Oakland, California housing 
market. 

Using a regression model, this study examines the 
relatiorship between housing prices and residential 
segregation in a California housing market with data 
from the 1960. Census and a 1965 land-use survey. 
White renters paid a segregation premium ‘to live in 
the white submarket, implying competition rather 
than collusion in the rental housing market; a unit of 
housing space was more expensive in the black mar- 
ket while 2 unit of housing quality cost more in the 
white submarket; and home owners pay premiums 
for sites farther from the city central business district 
where blacks are concentrated. Legislatively imposed 
quota systems or financial incentives would be more 
effective than antidiscrimination legislation in reduc- 
ing residential segregation. : 


Sipney Davis, Ph.D. Georgia State 1973. Household 
consumption of housing service flows in Atlanta, 
Georgia. 

This study examines consumer demand for housing 
service flows which are represented by the utility de- 
rived from a dwelling unit that has the following 
characteristics: a specific spatial location in the urban 
community; a specific vector of physical attributes in- 
cluding size and quality, in combination with a quan- 
tity of “transportation,” enabling the household to 
participate in activities taking -place in locations re- 
moved from the place of residence. ‘The housing ser- 
vice flow concept then serves as the basis for a simul- 
taneous equation model. 


Francis J. Ecan, Ph.D. Fordham 1973. Air pollution 
and property values in the Hartford metropolitan 
- region. 

This dissertation investigates the relationship be- 
tween air pollution and residential property values in 
the greater Hartford metropolitan region. To measure 
this relationship, a single equation, linear regression 
model is constructed with property values as the de- 
pendent variable and air pollution as one of the inde- 
pendent variables. Census tracts are chosen as the ba- 
sic units of okservation. 


James A. M. Exxiort, Ph.D. Yale 1972. International 
comparisons of social welfare: A factor analytic ap- 
proach. 


MicHaet C. Erus, Ph.D. Alabama 1973. An empirical 
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and methodological approach to the relationship be- 

tveer regional income inequality and economic de- 

velopment: A study of the Ozark region in 1970. 

A significant and sometimes unforeseen consequence 
of regional development programs is an increase in the 
inequality of personal income. In order to ascertain 
whether a growth-income inequality tradeoff exists 


‘for the Ozark region, the area was analyzed cross-sec- 


tionally in 1970 to determine: the extent of family in- 
come in2quality; the major principal component di- 
mensions of development; and the relationship be- 
tween femily income inequality and economic devel- 
opment. 


Donatp R. Errey, Ph.D. Missouri 1972. A test of 
base theory using income and employment. 

This study developed for the state of Missouri four 
Laspeyres indices which were incorporated into base 
theory. Two indices measured income and employ- 
ment fluctuations for the basic sector and the other 
two, the nonbasic sector. Index components and 
weights were determined from the state input-output 
table. Results revealed that base theory in income 
terms has no relationship to base theory in employ- 
ment terms. The roles of the employment indices were 
reversed. 


CaHartes L. France, Ph.D. West Virginia 1972. A 
production model of a large city police department. 


Ar Francrort, Ph.D. Pittsburgh 1972. Driving with- 
out a steering wheel—the need for and use of 
health statistics in economic analysis. 

The central objective of this study is to suggest 
what should be done to obtain the health information 
needed to achieve a better allocation of resources both 
to and within the health sector of the economy. The 
premise is that the health statistics currently available 
are inadecuate. The study suggests possible improve- 
ments in the health information system which should 
result in additiona! benefits to health care and in- 
creased levels of Healthiness in the population. 


RicHarp T. Fox, Ph.D. West Virginia 1973. The cost 
of selected hospital services. 


Lee S. Fr-epMAN, Ph.D. Vale 1973. Innovation and 
diffusion in non-markets: Case studies in criminal 
justice. 


Wruam C. Graveue, D.B.A. Harvard 1972. Preven- 
tion and treatment of Streptococcal sore throat and 
rheumatic fever—a decision theoretic approach. 

In this research the medical problem of prevention 
and treatment of Streptococcal sore throat and rheu- 
matic fever was examined and alternative treatment 
strategies evaluated. Methods of decision theory and 
multivariate utility theory were used to structure the 
problem anid define an objective function. A proce- 
dure to det2rmine parameters of the utility structure 
was determined and applied to patients, doctors, 
nurses, and. public health officials. Implications of re- 


. sults for clirical practice were discussed. 
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Sreven D. Gorp, Ph.D. Mickigan 1972. The distribu- 
tion of recreation services in Detroit 1968—69. 


RonaLp E. Grison, Ph.D. Rochester 1973. Essays in 
urban economics and public finance. 

“The incidence of profits taxes in neoclassical 
growth model” is a theoretical study of the effect of 
taxes on the capital-labor ratio, and on the long-run 
wage, net of taxes. “The economics of property taxes 
and land values” is a simultaneous model of land val- 
ues, uses, and gradients; elasticities of supply, price, 
and densities of structure. “The determinants of juve- 
nile arrests’ is an econometric estimate of the effects 
of social and economic programs. 


Joun A. Hanson, Ph.D. Oregon 1972. A vintage 
capital model of urban development. 


Rosert G. Hearty, Ph.D. California (Los Angeles) 
1972. Agglomeration and footlooseness: The distri- 
bution of economic activities among metropolitan 
areas. 

The dissertation deals wich the spatial agglomera- 
tion of industries, both manufacturing and nonmanu- 
facturing, in 203 metropoliten areas. Factor analysis is 
used to divide 186 industries into groups which have 
the property that cities specialized in one industry are 
likely to also specialize in the others. The role of 
backward and forward linkages in producing agglom- 
erations is explored and a regression model is used to 
identify the dominant locational forces for each of sev- 
eral selected industries. 


Tuomas L. Herrin, Ph.D. Oregon 1973. The predic- 
tion of retirement adjustment. 


FREDERICK J. HirzHusen, Ph.D. Cornell 1972. Some 
policy implications for improved measurement of 
local government service output and costs: The case 
of fire protection. 

This study uses a multiple curvilinear regression 
analysis of fire protection Unit costs and output (peo- 
ple and property protected) in 150 Texas and New 
York localities. Costs include not only public sector 
current expenditure but estimates of public capital 
costs, public water supply costs and unpaid volunteer 
time contributed. A benefii-cost analysis provided es- 
timates of tradeoffs between public fire protection im- 
provements and private fire insurance savings. 


Joann H. Hoac, Ph.D. Kansas 1972. The economics of 
the health service industry. 

The dissertation reports on an economic model of 
the model to two problems relating to the allocation 
of resources in this market. The model is an aggregate 
general equilibrium model involving four sectors— 
consumers, doctors, hospitals, and insurance. The first 
application deals with the effect of insurance on the 
consumer’s choices; the second is an investigation of 
the relationship of the doctor and the hospital. 


PETER M. HUTCHINSON, Ph.D. Pittsburgh 1972. Ac- 
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cessability and segregation: Their effects on the em- 

ployment of the urban poor. 

The dissertation uses a linear probability model 
based on observations of poverty zone residents in the 
Pittsburgh region to determine how housing segrega- 
tion and employment accessibility affect the probabil- 
ity of poverty area residents being employed. Results 
of the empirical tests suggest. that improved public 
transit in the form of a dial-a-bus or a program of 
providing automobiles for the poor may significantly 
improve employment prospects for the urban poor. 
On the other hand, ghetto dispersal policies aimed at 
eliminating housing segregation does not improve em- 
ployment possibilities. 


Lronarp W. Karz, D.B.A. George Washington 1972. 
An evaluation of the state of Connecticut Health and 
Educatioral Facilities Authority’s impact on the 
provision of nongovernmental health facilities. 
Compared to other reported long-term borrowing, 

authority tax-exempt revenue bond financing provided 

hospitals with lower interest rates and cost of capital 
and longer maturities. Debt principal equalled be- 
tween 60 and 93 percent of total costs. Hospitals bor- 
rowed 36.9 to 89.8 percent of projected debt capacity. 

Debt servicing might be adversely affected if third 

party reimbursement declines or the construction 

period extends materially beyond the expected comple- 
tion date. 


WERNER Kene, Ph.D. Michigan State 1972. Evalua- 
tion of the impact of health care on activity levels 
of the rural poor. 


New. Komesar, Ph.D. Chicago 1973. Economic analy- 
sis of criminal victimization. 


Perer J. Kuce, Ph.D. Minnesota 1972. A planning 
for postsecondary education in west central Minne- 
sota. 

This study is concerned with planning the efficient 
development cf postsecondary education in a region. 
Attention is focused on allocating public resources 
among competing curricula and institutions, where 
primary concern is on the pecuniary returns to 
schooling. The procedure employed uses multi-period 
linear-programming models which maximize the net 
social benefits generated by the postsecondary system 
subject to constraints describing the educational tech- 
nology available to the region and externally imposed 
policy decisions. 


Harotp Lurr, Ph.D. Harvard 1973. Poverty and 
health: An empirical investigation of the economic 
interactions. 

This study provides estimates of the probability of 
disability based on age, race, sex, education, and pre- 
disability income and detailed working conditions. 
The second half derives estimates of earnings and in- 
come losses attributable to disability, as well as the 
share of poverty caused by poor health. Serious speci- . 
fication errors are demonstrated in labor force equa- 
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tions without health status. Aggregate and individual 
data are drawn from the 1967 SEO and 1966 Survey 
of Disabled Adults. 


Kenneth E., McConnetz, Jr, Ph.D. Maryland 
1973, Estimating consumer demand functions from 
cross-section data. 

Cross-section estimates of consumer demand func- 
tions, though valuable because they are devoid of 
problems of autocorrelated errors, have been rare be- 
cause of the absence of price variations in cross-sec- 
tion data. This study attempts to overcome the prob- 
lem of no price variation. Price elasticities from di- 
rectly and indirectly additive utility functions are 
computed by (1) estimating consumers’ responses to 
different wage rates; (2) imposing second-order con- 
ditions on structural parameters. Results from elastici- 
ties computed from a group of SMSA’s demonstrate 
that such elasticities can be useful. 


Patrick A. McGuire, Ph.D. Fordham 1973. A simu- 
lation model of the Rochester, New York region. 
The object of this study is to develop a simulation 

model for an urban area. The model will attempt to 
illustrate the effectiveness of various policy changes on 
the theoretical city. The objective is to demonstrate 
that traditional policy recommendations may not be 
as successful in the long run as expected. The model 
will-be applied to a particular city to illustrate the 
long-run effects of policy changes. 


PETER J. McManon, Ph.D. Southern California 1972. 
Forecasting selected statewide recreation require- 
ments. 

This study develops an approach to forecasting out- 
door recreation demand and supply requirements. To 
provide the background for the approach, the study 
first analyzes the nature of the recreation market as 
well as the difficulties, methods used, and relevant 
factors-in making these projections. An empirical 
model is then formulated using microeconomic con- 
structs to enable forecasts of recreation demand and 
optimum combinations of selected recreation facilities 
that must be supplied to meet this demand. 


Joun C. McPuerson, Ph.D. Brown 1973. The eco- 
nomics of central place hierarchies: Applications to 
the great plains experience. 

This thesis presents a formal view of the economic 
structure of urban centers in terms of their spatial, 
size and frequency distribution. A generalized hier- 
archy model is formulated as a set of difference equa- 
tions with explicit spatial and nonspatial parameters, 
and an explicit solution obtained. Within this frame- 
work the parametric differences between Canadian 
and American great plains economies.in 1960-61 are 
examined, along with the change in spatial parameters 
in Saskatchewan 1941~61. 


Joserg P. Macapprno, Ph.D. Virginia Polytechnic 
Institute 1973. An economic analysis of state gun 
control laws: A statistical study of 1970 data. 
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The problem of firearm misuse was defined on the 
basis 3= an externality argument. To test the efficacy 
of gua control laws, a cross-sectional study of supply 
of ofenses was conducted. This study attempted to 
explain the differences in crime rates among states at- 
tributable to differences in the level of deterrence, and 
the gir control laws while accounting for differences 
in soczo-Cemographic variables. 


ADELE P. MasseLL, Ph.D. Stanford 1972. A bimarket 
analysis of the urban labor market. 

This study analyzes change in the location of new 
plants in suburban areas surrounding central cities, to 
determine its effect on employment. The economic im- 
plicatiers of alternative intraurban spatial configura- 
tions cf employment are made through a partial-equi- 
librium, comparative. statics model, with two interde- 
pendent labor zones. Both central and suburban 
workers are best off when the spatial distribution of 
firms racallels that of workers’ residences. When racial 
variables as proxies for labor skill variation are in- 
cluded in the model, results suggest that when firms 
suburbarize white central and suburban residents tend 
to beæft but that central nonwhites face lower 
wages. 


MarsHatt H. Meporr, Ph.D. California (Berkeley) 
1973. A theoretical and positive analysis of discrim- 
inaticn in the market place. 


SrepHey L. Menay, Ph.D. California (Los Angeles) 
1973. Production functions for crime-deterrent po- 
lice services. 

This study is a theoretical and empirical investiga- 
tion of tae production of crime-deterrent services by 
urban police departments. A model of police protec- 
tion ouput is developed and estimated using cross- 
section Jata from southern California police depart- 
ments. 


Em Meurer, Ph.D. Nebraska 1972. Crime compen- 
sation 2s an emerging form of social insurance. 
This investigation was made to determine the ex- 


_tent and mature of existing state and proposed federal 


program: designed to alleviate the financial burden of 
violent cr.me on the victim. Status of violent crime 
victim is -eviewed and present legislation is evaluated 
with recommendations for improvements. 


James FE. Murer, Ph.D. Texas A&M 1973. Analytical 
and operational aspects of central facilities location. 
The cbjective of this study is to adapt traditional 

private facility location theory for central public fa- 
cility location. The conclusions are as follows: the lo- 
cation theory of Alfred Weber, as a basis for certain 
operatio techniques (e.g. spatial combinatorial 
programming) may be successfully applied to only 
small scae problems involvirg emergency facility lo- 
cation; and Léschian market area theory as a basis for 
developing an analytical mocel with the opportunity 
costs of user travel time introduced as a demand pa- 
rameter, 5 a more promising approach. 
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Wirum G. Moss, Ph.D. California (Berkeley) 1973. 
The effect of housing segregation on the Negro 
journey to work. 


‘Davin H. Muparri, Ph.D. Michigan 1972. Mode 
choice for work trips: A zey urban transportation 
problem. 


Epwarp H. Murry, Ph.D. Rutgers 1973. The mar- 
ket for disability insurance benefits. 

The thesis analyzes the rature of the relationship 
between the economic environment and the market for 
disability insurance benefits. A theory of the demand 
for benefits is derived and tasted for several segments 
of the disabled population. 


James A. Murray, Ph.D. Oregon 1972. The economics 
of medical care: a theoretical analysis. 

This dissertation presents a positive microeconomic 
theory of the production and use of medical care. A 
primary objective is to det2rmine the significance of 
well-known product and institutional peculiarities. 
Standard optimization techniques are used to develop 
theorems from a set of behavioral hypotheses. These 
theorems describe how pricing and utilization of physi- 
cians’ and hospital services relate to factor prices, pa- 
tient incomes and insurance coverage. Results ob- 
tained differ importantly from theorems of neoclassi- 
cal models. 


Tim O. Ozenne, Ph.D. Cal:fornia (Los Angeles) 1972. 

The economics of theft and security choice. 

Theft is controlled not only by governmental ac- 
tions but also by private security choice. This study 
develops a model of theft in which the rate of theft is 
determined jointly with opzimal security expenditures. 
The model is then used to explain variation in bank 
robbery rates across states and over time. The empiri- 
cal results conform with the theoretical implications 
and show that earnings net of imprisonment costs 
have the anticipated effect ən robbery behavior. 


Ricuarp B. Parker, Ph.D. Boston College 1973. In- 
terregional income distribution, factor migration, 
and growth. 

Analysis, parameter estimation, and computer simu- 
lation of dynamic interregional models of migration 
and income are carried oui to explore the equity-effi- 
ciency tradeoff. At very low levels of factor migration 
response to productivity differences, a policy which 
increases their response will improve interregional 


equity. A maximum is found, beyond which further. 


increases in the migration-reaction coefficient result in 
equity loss. Below this maximum, higher growth un- 
der an equity constraint requires greater factor migra- 
tion response. 


Paur U. Pawzix, Ph.D. Arizona 1972. The effects of 
health fluctuations on economic activity in Iran. 
The question examined is whether or not fluctua- 

tions in health, in Iran, affect individual firm’s pro- 

duction, individual industry’s production, and general 
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economic activity. Fluctuations in health will be com- 
pared statistically to fluctuations in individual firm’s 
production, individual industry’s production, and gen- 
eral economic activity over a four-year period (on the 
monthly basis). 


Norman E. Payne, Ph.D. Cornell 1973. An economic 
evaluation of school lunch systems. 

With school lunch programs receiving increasing at- 
tention for social and nutritional reasons this research 
focused upon the basic economic aspects of alternative 
systems. Wage rates and labor productivity were 
clearly the most important factors causing variations 
in the cost of providing a school lunch in seven east- 
ern and southern states. The type of system (unit 
kitchens or satellite facilities) and size of system were 
much less important. 


Rogert M. PETERS, Ph.D. Kentucky 1972. A study of 
teacher aide impact and the economics of aide us- 
age. 


Joann G. PHoriapes, Ph.D. Iinois (Urbana) 1972. A 
multivariate analysis of family income distribution 
of U.S. counties. 


Witrtam Porrax, Ph.D. Princeton 1972. Public fire 
protection: Costs, demands, and pricing. 
Suppression capability is defined as a quality 

measure. A priori models drawing on identified re- 
sponse-time/damages relationships are used to analyze 
the area, population, and quality dimensions of the 
protection cost function. A firespread model is used to 
analyze protection demands and the efficiency benefits 
of pricing protection are examined using geometric 
models. These show that in a dynamic setting fees 
may prevent an over shifting of protection burdens to 
the public sector. 


ELIZABETH A. RorstacHer, Ph.D. Pennsylvania 1972. 
The distribution of tenant benefits under rent control. 


Freperick H. Ruerer, Ph.D. Carnegie-Mellon 1973. 
Municipal zoning: An empirical study of its eco- 
nomic and political justification. 


Danwær H. Saxs, Ph.D. Princeton 1973. Economic 
analysis of an urban public assistance program: Aid 
to New York City families of dependent children in 
the sixties. 

Using primarily survey data for New York City in 
1967, creation of welfare cases was analyzed as a 
problem of rational choice. The welfare system was 
found to be a complex negative tax scheme with tax 
rates well under 100 percent. Plausible income and 
substitution parameters were estimated for supply-of- 
recipients, on-welfare-labor-force-particiaption, and 
welfare-duration equations. Welfare survival rates 
were estimated and shown to be Markovian. 


C. James Samere, Ph.D. American 1972. Patterns of 
economic change in regions of- the continental 
United States. 
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James L. Sanasan, Ph.D. Wayne State 1972. Spatial 
isolation and job opportunity for low skill residents 
in the core of the Detroit SMSA. 


L 
_ Tromorry G. SHANAHAN, Ph.D. Purdue 1972. Equity 
and efficiency of alternative policies and mechanism 
for optimizing consumer-type levies. 


Ram K. Sumarma, Ph.D. Western Ontario 1973. Ben- 
efit-cost analysis and public health: A case study of 
the Tuberculosis Control Program in Ontario, 
1948-1966. 

This dissertation develops and explains the method- 
ology of applying benefit-cost analysis to public 
health projects and then applies it to a specific cases: 
The Tuberculosis Control Program in Ontario from 
1948 to 1966. The marginal benefits and costs of the 
program, as measured in this study, prove that the 
program was a profitable use of resources even after 
accounting for the beneficial effects of “wonder drugs” 
discovered for tuberculosis treatment. 


Arran K. Swerman, Ph.D. Maryland 1972. The 
effects of the configuration of rural health care sys- 
tems on elective utilization. 


Mark K. SHERWooD, Ph.D. Purdue 1972. The de- 
mand for public and private higher education. 

This thesis is a theoretical study of the choice a 
qualified -hizh school graduate makes among attending 
a public college, attending a private college and enter- 
ing the labor force. 


Gap Sarron, Ph.D. Wisconsin (Madison) 1972. In- 
come conditioned publicly subsidized preschool 
child care. 

The objective of this study is to determine the eco- 
nomic consequences of income conditioned public sub- 
sidization of preschool child care services. It is con- 
cluded that deducting child care expenses from taxable 
income can be justified, but income conditioned tu- 
ition is hard to justify. It is demonstrated, on 
equity and efficiency considerations, that day care 
centers may be an expensive while not the most effec- 
tive solution for improving the opportunities of 
mothers and children. The policy implications suggest 
a reconsideration of child care provisions in H.R. 1 
and S-3617 (both are major bills pending in Congress 
at the present time). 


Lester P. SILVERMAN, Ph.D. Carnegie~Mellon 1973. 
The determinants of emergency and elective’ admis- 
sion to hospitals. 


Joan C. Simonson, Ph.D. Wisconsin (Madison) 
1972, The determinants of changes in the allocation 
of hospital service capacity: A study in policy the- 
ory. 


Lawrenca T. Smepiey, Ph.D. American 1972. The 
impact of a social security program and a number 
of other factors on household savings in a develop- 
ing country: The Mexican case. 
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Mıcmaet W. Swarm, PH.D. North Carolina Stat}? 
1972. An economic analysis of the intracity disper- 
sion of criminal activity. 

The spatial distribution of, and economic causes of, 
criminal activity within a metropolitan regior. was 
studied by considering the crime flows between sub- 
sections of the region. A theoretical model was devel- 
oped to predict the magnitude of the import, export, 
and domestic production of property crime relative to 
a subsection. These quantities were assumed to be de- 
pendent on the income of offenders and -victims of 
crime, the distance between subsections and the size of 
the subsections in terms of the number of potential 
offenders and victims. The results of a regression anal- 
ysis indicated that the model explained a significant 
proportion of property crimes. 


Donate N. STEMINNES, Ph.D. Northwestern 1972. An 
econametric model of residential location. 

In tais thesis a model is derived which explains the 
intraurban location of both residents and employment 
and yet is capable of being estimated from available 
data, Particular attention is given to the simultaneous 
nature of the geographic allocation of employment 
and residences within a metropolitan area, and to the 
economic-theoretic basis of these allocations. The 
model is estimated by OLS and TSLS using data for 
the Chicago metropolitan area. 


STANLEY C. Srzvens, Ph.D. Dlinois (Urbana) 1972. 
The spatial dynamics of the Chicago black commu- 
nity: 2958-69. 


- MicHAEL SunsHiIneE, Ph.D. Michigan State 1973. The 


abuse of warranty law as a contributing factor to 
consumer problems. 


RaymMonp J. Supatza, Ph.D. Michigan State 1972. 
The potential for increasing earned income of wel- 
fare recipients in rural areas: A case study of Alle- 
gan County, Michigan. 


Tatsvo R. TsucHicANg, Ph.D. Maryland 1972. Dis- 
crimination against women in the United States. 
This study is an attempt to measure the compo- 

nents of discrimination against women in the econ- 
omy and to identify factors affecting this discrimina- 
tion. Each of the three types of discrimination, 
namely, income discrimination, occupational discrim- 
ination, and participation discrimination, is separated 
into “justified” and “unjustified” components. By sep- 
arating discrimination into two components it is possi- 
ble to gain insights into the extent of justified and 
unjustified discrimination and the prospects for re- 
moving unjustified discrimination in the future. 


Braprorp H. Tuck, Ph.D. Boston 1973. The eco- 
nomic impact of the petrolettm sector on the state 
of Alaska, 1960-1970. 
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1- IL Tuptver, Ph.D. Michigan 1973. Why aid doesn’t 
help: Organizing for community economic develop- 
ment in Central Appalachie, - 


MICHAEL A. Viren, Ph.D. California (Santa Barbara) 
1973. An economic analysis of the supply of medi- 
cal services. 


Rosert A. Wess, Ph.D. Wisconsin (Madison) 1972. 
The distribution of benefits of the Appalachian De- 
velopment Highway System. 


Surrey F. Weiss, Ph.D. Duke 1973. New towr: de- 
velopment in the United States: Experiment in pri- 
vate enterpreneurship. 


RaFaEL R. Weston, Ph.D. Harvard 1972. The qual- 
ity of housing in the United States, 1929-70. 
Housing, like all capital goods, must be treated 
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from the points of view of both stocks and flows, and - 


the relationship between the two is crucial. A Divisia- 
hedonic model of housing indexes incorporating this 
distinction is developed, and empirically implemented 
to investigate, the question of housing quality. This 
analysis is then employed in the creation of a com- 
plete, internally consistent, system of accounts for the 
housing sector of the economy. 


Ropert S. Woopwarp, Ph.D. Washington (St. Louis) 
1972. Industrial incentives and regional economic 
growth: The case of Puerto Rico. 

A priori profit impacts for.each of the three intrais- 
land industrial incentives were first estimated for typ- 
ical export manufacturing firms. The empirical signifi- 
cance of governmental construction of standard indus- 
trial plants and extra years of tax exemption, which 
was indicated by profit impact calculations, was veri- 
fied using promotional employment data in cross-sec- 
tional OLS regressions. 





ANNOUNCEMENT 


NOTICE TO ALL GRADUATE DEPARTMENTS 


The December 1974 issue of the Review will carry the seventy-first list of doctoral dissertations in political econ- - 
omy in American universities and colleges. The list will specify doctcral degrees conferred during the academic 
year terminating June 1974. This announcement is an invitation to send us information for the preparation of the 
list. This announcement supercedes and replaces a letter which was sent annually from the managing editor’s office. 


The Review will publish in its December 1974 issue the names of those who will have been awarded the doctoral 
degree since June 1973, the titles of their dissertations, and, if possible, a brief (75-word) summary of the disserta- 
tion. 


By June 30, please send us this information on 3X5 cards, conforming to the style shown below, one card for each 
individual. Please indicate by a classification number in the right-hand corner the field in which the thesis should 
be classified. The classificaticn system is that used by the Journal of Economic Literature and printed in every issue. 


JEL Classification No. .—.—- 


Name: LAST NAME IN CAPS: First Name, Initial 
Institution Granting Degree : 
Degree Conferred (Ph.D. or D.B.A.) 
Dissertation Title: 


Year 


Summary 
( 78-word 1 maximum, or first 75 words will be printed) 


Summary may be completed on back of this card or on new card which should be stapled to this. 





| When degrees in economics are awarded under different names, such as Business Administration, Public Adminis- 
oe Industrial Relations, candidates in these fields whose training has been primarily in economics should 
| e include 


All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown 
niversity, Providence, Rhede Island 02912. 


